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GUI DE TO THE REPORT 

The " proj e c t '' examined i n  thi s  s tudy cove r s  the f u l l  
range o f  o i l  produc tion techno log i e s  ( pr e s ent a s  we l l  a s  
ant i c ipated) ; and the '' environment " i t  a f f ec t s  i s  the entire 
Un i ted S tate s . A vari ety of pot ent i a l  o i l  pric ing po l ic i es 
are analy z ed , moreover ,  for the ir impac t s  on produc t io n  and 
consump t ion . The s cope of the s tudy , therefore , is quite 
extens ive . We have tried to l imit the s cope and depth of 
analy s i s  in areas o f  marg inal intere s t , but c r ed i b i l ity and 
comp le tene s s  neverthe l e s s  demand that many top i c s  be deve loped 
in cons iderab le detai l .  S inc e mo s t  reader s  w i l l  not w i sh 
to exp lore each area d i scus s ed , the fo l lowi ng chapter 
s ummar i e s  are o f f e red as  aids to s e l ec t ion . 

CHAPTER I provides a gene r a l  ove rvi ew o f  the pric ing 
program and i t s  goa l s . The leg i s lative bac kground i s  
d i s cu s s ed , and the a c t ions taken thus far under the E nergy 
P o l icy and Cons ervat ion Act are reviewed . 

CHAPTER I I  d e f ines the spectrum o f  a l ternative S tag e 
I I  and S tage I I I  p r i c ing po l i c i e s  under cons ideration by the 
FEA . The s e  are the b a s i c  option s  that are then ana ly z ed 
throughout the repor t .  

CHAPTER I I I  d i s cus s e s  methodo logy . The a s s ump tions and 
data b a s e  - - with reg ard to produc tion t echno log i e s  and 
p roduc t ion potent i a l s  - - are made expl i c i t ;  and the ana lytical  
procedure s ,  parame ters and constr a ints for a s s e s s i ng impac t s  

both energy a n d  environmental - - a r e  d e s c ribed . 

CHAPTER IV i s  a d i sc u s s ion o f  the var ious o i l  produc tion 
techno log i e s  and the ir s id e - e f f ec ts . Conventiona l  recovery 
me thod s , both land-based and o f f shore , are revi ewed ; and the 
various typ e s  o f  tertiary recovery , tog e ther w i th prof i l e s  
o f  the i r  typ i c a l  ope ration s , are d e s c r ibed in d e ta i l .  The 
ma j or envi ronmenta l impacts  o f  o i l  produc t ion , as we l l  a s  
way s  o f  d e a l ing wi th them , a r e  extens ive ly treated . 

CHAPTER V and Appendix J d e s c r ib e  the exi s t i ng envi ron
ment - - on nationa l , regiona l , and sub- reg ional l eve l s . 
Chap ter V c ont a i n s  the highl ight s  and pr incipal feature s .  
The deta i l s  are c onta ined in the append ix . B e c au s e  pric ing 
act ions are not s pec i f ic to a s ing le s i t e , bu t rather app ly 
to the who l e  country , the nationa l and reg ional de s c r iptions 
are nec e s s a r i ly overv i ews . They s ummar i z e data on air 
qua l i ty , wa ter s upply and qua l i ty , r eg iona l e c o s y s t ems , and 
soc ioeconomic activi ty . I n  add i t ion , deta i l ed environmenta l 
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ana ly s e s  are carried out for tho s e  regions that have f igured , 
o r  are antic ipated to f i gure , prominently in Uni ted S ta te s  
c rude o i l  production . 

CHAP TER VI e s timates the e f f e c t s  of each p r i c ing act ion 
on the reg iona l p roduc t ion and con s umpt ion of p e tro leum 
p roduc t s . 

CHAPTER V I I d e s c r ib e s  and compare s the environmenta l 
imp ac t  o f  each o f  the pric ing ac t ion s . 

C HAPTE R VI I I  s ugge s t s  control proc edures f o r  reduc i ng , 
and po s s ib ly e l iminating , s ome o f  the adve r s e  environmenta l  
impac t s  a s soci ated with o i l  recovery . 

CHAPTER I X  d e s c ribe s thos e  adve r s e  environmental impa c t s  
t h a t  s imp ly cannot b e  avo ided . 

CHAPT E R  X analy z e s  two k i nd s  o f  a lterna tives to the 
pric ing ac t i on s : other po l i c i e s  that may s t imu late incre a s ed 
dome s t i c  production o f  crude o i l ; and po l i c i e s  that a im not 
to inc r e a s e  dome s t i c  produc t ion , but wh ich i n s tead try to 
a s s ure an adequate energy s upply by other me an s . 

CHAP TER X I  ident i f i e s  the r e s ourc e s  that would b e  
irreve r s ib ly and i rretr i evably commi tted to t h e  pric ing 
action s . 

CHAPTER XI I d e s cribes  the var iou s s hort- term , and no t 
s o  s hort-term , environmenta l d i s ruptions that o f ten accompany 
o i l  produc t ion . 

CHAP TER X I I I  d i s cu s s e s  the bene f i t s  that pre s umab ly 
o f f s et whateve r environmental d i s rup tions may occur . I t  
exami ne s , a s  we l l , the a s s umpt ion s that unde r l i e  the s e  
a l leged bene f i t s , and i t  sugge s t s  s ome ref inements . 
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CHAPTER I 

BAC KGROUND AND D ESCR I PT I ON OF THE  PROPOS ED ACT I ON 

A .  I n t r od u c t ion  

On  De cembe r 2 2 , 1 975 , and  August  14 , 1976 , the Ene r g y  
Pol i cy an d C o n s e r v a t ion  A c t  (PL 94 - 1 6 3 ,  " EPCA " )  a n d  the  
E ne r g y Cons e r va t i o n  and P r o d u c t i o n  Act (PL 9 4 - 3 8 5 , " EC PA") 
we r e  e n a c ted i n to l aw. One o f  the s t a t ed pu r po s e s  of  
the EP CA is  to inc r e a s e  the suppl y o f  c r ude  o i l  in the 
U n i t e d  S t a t e s  t h r o ugh pr i c e  i n c e nt i ve s  and pr od u c t i o n  
r e qu i r eme n t s . To th i s  end , T i t l e  IV , Sec t i o n  4 0 1  of the 
EPCA amends  the  Eme r g e n cy Pe t r o l e u m A l l o c a t ion Act  of 1973 
(PL 93 - 1 5 9 , " EPAA " ) by add i ng to the end of  the EPAA a new 
S e c t i o n  8 ,  wh i ch r e qu i r e s the Pr e s i d e n t  to impl ement an 
o i l  pr i c ing  po l i cy  wh i c h  i s  bo t h  adm i n i s t r a t ive l y  f e a s i b l e  
and c o n s i s t e n t  w i th t h e  g o a l  o f  o b t a i n ing  o pt imum pr od u c t i o n  
of  c r ude  o i l  in t h e  U n i te d  S t a te s . The EC PA th en  amended 
th i s  s e c t i o n  a nd pr ov i d ed add i t i o n a l  f l e x i bi l i ty and pr i ce 
ince n t ives  for  spe c i f i c ca te g o r i e s  of  dome s t i c  c r ude o i l  
pr o d u c t i on s. 

The EPAA , e n a c t e d  d u r ing the A r a b  O i l Emba r g o , r e ou i r ed 
pr i ce con t r o l s  a l o ng w i th mand a t o ry a l l o c a t i o n  au t h o ri ty so 
as  to pr event pr i c e  d i s c r i m i n a t ion wh ich  wo u l d  r e s u l t  f r o m  
sho r tage s .  I t  r e qu i r ed t h a t  t h e  P r e s i d e n t , i n  e x e r c i s i ng 
th i s  au th o r i ty , adm i n i s t e r  an e qu i t a b l e  ba l a n c e  be twe�n two 
some t imes co nf l i c t i ng needs : the  need to pr ov ide  a d e quate  
ind uceme n t  f o r  the pr o d uc t i o n  of dome s t i c  c r u d e  o i l , and 
the n e ed to h o l d  down s pir a l i ng c o n s umer  c o s t s .  

The EPAA con templ ated t h a t  the Phase  I V  pr i c e  co n t r o l s  
e s t a b l ished by the Co s t  o f  L i v i ng C o u n c i l  und e r  a u t h o r i ty 
of the Ec onomic S ta b i l i za t i o n  Act wo u l d  co nt i n ue in  ef f e c t  
unt i l  mod i f i ed .  P r o v i s ion  w a s  made f o r  a d o l l a r -f o r -d o l l a r  
pa s s t h r o ugh o f  inc r e a s e s  i n  the cost  o f  c r ude o i l  and r e 
f i n e d  pe t r o l e u m  pr o d u c t s  to a l l  ma r k e t e r s  o r  d i s t r i b u to r s  
t h r o ugh  the r e t a i l  leve l .  An impo r t a n t  e leme n t  i n  the 
i n i t i a l  Co s t  o f  L i v i n g  C o u n c i l  pr i c e  r eg u l a t ions  was  a two
t i e r  pr i c i ng sy s t em for c r u de o i l .  A d e s c r ipt i o n  of the 
c r u de o i l pr ice  r e g u l a t ions  pr omul g a t ed by the C o s t  of 
L i v i ng C ou n cil and by FEO /FEA unde r the EPAA wi l l  be pr e 
s e n t ed i n  the  ne xt  s e c t ion o f  th i s  c h a pt e r . 
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The E PCA ,  e n a c t e d  o n  Decemb e r  2 2 ,  1 97 5 , amended t h e  
EPAA to r equ i r e  t h e  e s tabl i shme n t o f  a dome s t i c  c r ud e  o i l 
"compo s i te "  c e i l i n g  p r i c e  ( max imum we i g h ted a v e r a g e  p r i c e ) 
o f  $7 . 6 6 pe r b a r r e l  f o r  t h e  f i r s t  s a l e i n  F e b r u a r y  1 97 6  
a nd t o  i n i t i a te a f o r ty-mo n t h  p r og r am o f  c o n t i n ued 
con t r o l s on c r ud e  o i l  p r i c e s  w i t h a g r ad u a l  e sc a l a t i o n  
a l l o wan c e . T h e  P r e s i d e n t  w a s  a l so a u tho r i z ed t o  
i n c r e a s e  t h e  c ompo s i t e p r i c e  to : 

1 .  acco u n t  f o r  i n f l a t i o n , a s  m e a s ured by t h e  mo s t  
r ec e n t f i r s t  r e v i s i o n  o f  t h e  ad j u s ted GNP 
d e f l a to r , a nd t h e re by ma i n t a i n  the c ompo s i te 
pri c e  i n  re a l  d o l la r  t e r ms , a nd ; 

2 .  p r o v ide  add i t i o n a l  p r i c e  i n ce n t iv e s  to i n c r e a s e  
d ome s t i c  c r u de o i l  p r od uc t io n . 

L i m i t a t i o n s  were a l s o impo sed o n  t h i s  a u tho r i ty . 
The y  i n c l uded : 

1 .  a thre e -perc e n t  l im i ta t i o n  o n  t h e  p r od uc t i o n  
i n c e n t i ve , a nd ; 

2 . a t e n -perc e n t  t o t a l  l im i t a t i o n  o n  t h e  c omb ined 
i n f l a t i o n  ad j u s tme n t and p r o d uc t i o n  i n c e n t i ve 
pr ov i s io n s . 

The EPCA a lso e s tabl i s hed a proc ed u r e  whe r e by the 
Pre s ide n t  wa s a u thori z e d  to p r opo s e  t o  t h e  Congre s s  t h a t  
ad j u s tmen t s  to t h e  c ompo s i te p r i c e  i n  e x c e s s  o f  t h r e e  
pe r c en t and/o r  t e n  perc e n t lim i t s  b e  p e r m i t t e d  fo r the  
h i g h  c o s t  and h ig h - r i s k  c r ud e  o i l p r od uc t i on s . I f  n e i t h e r  
Ho u s e  o f  C o n gr e s s  d i s appr oved  s u c h  a pr opo s a l  w i t h i n  
a 1 5 -d ay Congre s s i o n a l  r ev i ew p e r iod , t h e  P r e s i d e n t  
c o u l d  implemen t  t h e  p r opo s a l . 

The E n e r g y  Con s e r v a t i o n  and P r od u c t i o n  Ac t ( EC PA ) , 
e n a c ted  Aug u s t  1 4 , 1 97 6 ,  e x emp ted s t r ipper well p r o 
d u c t i o n  f r om pr i c e  c o n tro l s  a nd spec i f ied  t h e  me thod 
of impu t i n g  s t r ipper o i l  p r i c e s  a n d  i nc l ud e d  s t r i ppe r 
we l l  p r od uc t i o n  i n  t h e  c alc u l a t i o n  o f  t he c ompo s i te 
pr i c e . The P r e s i d e n t wa s a u tho r i z e d  t o  imp l eme n t  spe c i a l 
pr i c e  r eg u la t i o n s  t h a t  w o u l d  p r ov i d e  a f a i r  t r ea tmen t  
f o r  h e a v y  g r av i ty c r ud e  o i l p r o d u c e d  o n  t h e  We s t  Coa s t  
and Al a s k a  a nd t o  s t imu l a te d ome s t i c  c r u d e  o i l p r od u c t i o n  
by e nh a nc e d  o i l  r ecove r y  oper a t i o n s . T h e  E C PA a lso 
p r o v i d ed the P r e s i d e n t  w i th the a u tho r i ty t o  e s c a l a t e  
t h e  compo s i te pr i c e  a t  a f u l l t e n  pe r c e n t pe r y e a r , wh i l e  
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e l i m i nat i n g  the  t h r e e  (3 ) pe r ce n t  l i mi t a t i o n  f o r  
p r od uc t io n  i nc e nt i ve s . Acc o rd i ng l y , t h e  thr e e - pe r ce n t  
l im i t a t i o n  o n  p r od uc t i o n  i n c e n t i ve a d j us tme n t s  o f  t h e  
EPCA wa s r emoved , p r o v i s io n s  we r e  mad e f o r  t h e  exempt i o n  
o f  s t r i pper  wel l c r ude o i l prod uct i o n  a n d  tne c o r r e c tion 
o f  gr av i t y  d i f f e r en t i a l pr obl em s  i n  t h e  c ur r e n t  pr i c e  
mechan i sm we r e  m a d e  b y  t he Fed e r a l  E ne r gy Adm i n i s t r a t i o n  
i n  1 9 7 6 . 

B .  Go a l s o f  the Pr i c i ng Re gul a t io n  Pr o gr am i n  p ur s ua n t  
t o  EPCA a n d  ECPA 

Se c t i o n  4 ( b ) ( l )  o f  the  E PAA r e qui r e s  t h a t  t he c r ude 
o i l  pr i c i n g  po licy shal l pr ov i d e  for  pr e s e r v a t i o n  o f  an  
e c o nom i c a l l y  sound and c ompe t i t ive  pe t r o l e um i nd us t r y  
w i t h  a m i n im i z a t i o n  o f  e c o nom i c  d i s to r t i o n , i n f l e x ib i l i ty ,  
and unne c e s s a r y  i n te r fe r ence  w i th m a r k e t  m e c h a n i sm s . 
Se c t ion S ( b ) ( l ) ( A ) , a s  amend e d , r e qui r e s  tha t  t he pr i c i n g  
pol i c y  a d o p t e d  be c o n s i s t e n t  w i th o b t a i n i n g  o p t i mum 
pr od uc t i o n  o f  c r ud e  o i l  i n  t he Un i t e d  St a te s . I n  o r d e r  
t o  mee t  t he se re qui r emen t s , a n  a t tempt h a s  been  made to 
e s t abl i s h  a pr i c i ng policy whi c h  woul d o f f e r  p r o d uc t ion  
i nc e n t i v e s  b o t h  f o r  s us t a i n i n g  p r od uc t i o n  f r om e x i s t i ng 
p r o pe r t i e s  and f o r  e n c o ur a g i n g  p r o d uc t i on  f r o m  new 
pr ope r t i e s  wh i l e  not  g e ne r a t i ng any mo r e  i n f l a t iona r y  
pr e s sur e o n  t h e  n a t i o n ' s  econ omy . 

Since t h e r e  i s  a n atur a l  d e c l i n e  i n  t he c r ude o i l 
p r oduc t i v e  c a pac i t y fr om exi s t i n g  pr o pe r t i e s , t he 
pr i c i n g  pol i c y  adop ted i s  d e s i gned t o  p r event  t he 
und e r ut i l i z a t i o n ,  o r  e v e n  pr ema tur e  abandonme n t , o f  
the se p r o pe r t i e s .  Th i s  i nvo l v e s  s e t t i n g  c e i l i n g  p r i c e s  
a n d  c l a s s i f i c a t i o n s  wh i c h  (1) d o  no t pen a l i z e  the  
pr oduc er fo r t h i s  n a tur al  d e c l ine , and  ( 2 ) e n cour age 
p r o duc er s to us e mo r e  advanc e d  and  c o s t l y  techn i que s 
whi c h  would extend the p r o ductive l i fe a nd i n c r e a s e  t he 
output of these p r o pe r tie s .  ECPA, b y  exe mp t i n g  s t r i ppe r 
we lls fr om price controls, i s  i ntend e d  to e nco ur age 
prolonged opera t i on of wel l s  wh i ch woul d othe r wi s e have 
been abandoned a s  une c onom i c a l  und e r  the p r i c e  c ont r o l s .  
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The na t io n ' s  c r ude o i l prod uc t i o n  p r i o r  to t he Ar ab 
O i l  Emba r go o f  1 9 7 3 - 7 4  wa s ma i n l y  f r om t ho s e o i l  f i e l d s 
tha t  have b e e n  f u l l y  d evel oped . S i n c e  1 9 7 3 , t he c o s t s  
o f  pe t r o l e um e x p l o ra t i on a n d  pr oduc t i o n  hav e  i nc r e a sed 
ove r 8 0 % .  C o n s e que n t l y , the e x t r ac t i o n  o f  c r ude o i l f rom 
k nown , b u t  a s  ye t undeve l ope d , p r o pe r t i e s  w i l l  be much 
mo r e  c o s t l y  t h an e x t r ac t i o n  f r om e x i s t i ng o i l f i e l d s . 
Add i t i o n a l  c o s t s  w i l l  a l s o  acc r u e  t o  t ho s e  p r ope r t i e s  
wh i c h  r e qu i r e  f u r the r e x pl o r a t i o n . Any p r i c i n g  pol i c y  
wh i c h  a l l owed the s e  c o s t s t o  impe d e  t h e  p r od u c t i o n  o f  
c r ude  o i l f r om n e w  o i l f i e l d s  wo u l d  f a i l  t o  opt im i z e  
t o t a l  d o me s t i c  p r o d uc t io n . 

Fo r t h i s  r ea s o n , a pol i c y  h a s  b e e n  adopted wh i c h  i s  
a imed a t  e n c o u r a g i n g  n e w  p r o d uc t i o n  f r om e x i s t i n g  o i l  
f ie l d s  a s  we l l  a s  f r om s uc h  h i gh c o s t  a nd h i gh r i s k  
p r ope r t i e s  a s  o f f sho r e  s i te s a n d  d e e p  ho r iz o n  we l l s . 
P r o v i s i o n s  o f  t he Ene r gy C o n se r va t ion  a nd P r od u c t i o n  Ac t 
a r e  a l s o  spec i f i c al l y  d i r e c te d  towar d s  s t i mu l a t i n g  the  
d e v e l opme n t  o f  t e r t i a r y  r e cove r y  p r o j e c t s , wh i c h  may  
o the r w i s e b e  u n f e a s i bl e u nd e r  some  or  a l l  e x i s t i n g  c r ud e  
o i l  p r i c e  c on t r o l  c e il i n gs . 

The d ual  p u r po s e  o f  max i m i z i n g  p r od u c t i o n  f r om 
e x i s t i n g  p r o pe r t i e s  and s t im u l a t i n g  the d e v e l opme n t  o f  
ne w p r ope r t i e s  c a n  o n l y  b e  a c h i e ve d i f  p r od uce r s  a r e  
given , a s  e a r l y  a s  po s s i bl e , a f i r m  l ev e l  o f  the 
pr o j e c ted a l l owab l e  p r i c e s  for  v a r i o u s  c l a s s i f i c a t i o n s  
o f  c r ud e  o i l  f o r  t h e  d u r a t i o n  o f  the 4 0-mo n t h  pr ice  
co n t r o l  p r ogr am .  Wh i l e  i t  i s  u nd e r s tood t h a t  these  
p r o j e c t i on s a r e  s u bje c t  t o  change s , i t  i s  t h e  go a l  o f  t h e  
pr i c i n g  r e gu l a t i o n  progr am i n  FEA t o  p r ov i d e  t o  p r od uce r s  
t he gr e a te s t  po s s i b l e d e gr e e o f  c e r ta i n t y  w i t h  r e spe c t  to 
f u t u r e pr i c e  l e ve l s  o f  v a r i o u s  c l a s s i f i c a t i o n s  o f  d ome s t i c  
c r ud e  o i l . The r e f or e ,  sc hedu l e s  of  mont.hly price adjust
men t s  we r e  f i r s t o f f ere d iL March 1 976 for the r e mai ning 
mon ths o f  t h e  prograru . Tf1.·e putpose C>t t.nesf"� f()re(�ast.2 1�:; 
to a vo i d undue d e lay and to  ensouru.9c producers to makv 
e a r l y  d e c i s i on s wit h respecc to the use of enhanced 
r e cove r y  t e chn i qu e s  a nd the rlevelopment of new oil pro
d u c t i o n s  i n  h i gh-c o st and high-risk properties. 
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An add i t ional  go al  o f  t h i s  pr i c i n g  r egul a t i o n  pr ogr am i s  
t o  p r o v i d e  a d e qua t e  ad j us tme n t  fo r t h e  e f f ec t s  o f  i n f l a t io n. 
Ce i l ing pr i c e s  s e t  i n  s uch a way that  i n f l a t i o n  could e r od e  
the i nc e n t iv e  p r o v ided by the se r i e s  o f  pr i c e  r e gul a t i o n s  
c ould h ave a n  adve r se i mpac t o n  c r ude o i l p r od uc t ion.  To 
avo id t h i s , t h e  EPCA a l l ows , w i th i n  c e r ta i n l im i t s , f o r  
ce i l i n g  pr i c e  ad j us tme n t s  wh i c h  a r e  c a l c ul a t ed t o  ame l i o r a te 
the i mpac t of  i n f l a t ion.  The r e v i s i o n s  mad e a r e  t o  be  based 
upo n  the m o s t  r e c e n t  f i r s t  r ev i s ion  of  the  a d j us ted Gr o s s 
Nat ional  P r od uc t  ( GN P ) de f l a to r , wh i c h  i s  i s sued qua r te r l y  
by the  U. S. D e pa r t me n t  o f  Comme r c e .  Und e r  E PCA t h e  ad j us t 
me n t s  we r e  l im i te d  to the G N P  d e f l a te r  pl us up t o  3 pe r c e n t  
pe r annum add i t ional  i ncen t i v e , n o t  t o  e x c e e d  1 0  pe r ce n t  pe r 
annum ove r a l l .  As ame nded by t h e  ECPA , howeve r ,  the 3 pe r 
c e n t  per  a nn um add i t ional  ince n t ive l im i t was d r opped , 
al l o w i ng the  f ul l  i n c r eme n t  o f  1 0  pe r c e n t  pe r annum. 

C .  Pr e v ious Pr i c in g  Ac t i o n s  o n  U. S.  Cr ude O i l  P r o d uc t i o n s  

( 1 )  C LC Re gul a t ions.  

On Augus t 1 7 ,  1 97 3  the  Phase  IV pr i c e  r e gul a t i o n s  
app l i c acl e to the pe t r ole um indus t r y  we r e  i s sue d  b y  the 
Co s t  o f  Liv i ng Counc i l  ( CLC ) .  Decl i n i n g  d ome s t i c p r od uc t i o n  
s i n c e  1 97 1  a n d  sha r p  incr e a s e s  i n  pr i c e  and vo l ume s o f  
i mpo r ted  o i l o n  wh i c h  t h e  U. S .  had b e come i n c r e a s i ngl y 
depende n t  c o n t r ibuted to the d e c i s i o n  by C LC t o  co n t r o l  
pe t r o l e um i nd us t r y  pr i c e s  on t h e  b a s i s  o f  spec i f i c r egul a t i o n s  
cove r i n g  the  e n t i r e  pe t r o l e um indus t r y  r a the r t h a n  o n  t h e  
bas i s  o f  the ge ne r a l  p r ice  r egul a t i o n s  t h e n  appl i c a b l e  
o n l y  to a s e gme n t  o f  tne indus t r y. Th e c e n t r a l  e l eme n t  o f  
C LC r egul a t i o n s  w a s  the two- t i e r  p r i c i n g  s cheme wh i c h  i s  
d e s c r ibed a s  f o l lows.  

Two-Tier  Pr i c e  Sys tem - The o b je c t i v e s  of  the two- t i e r  
pr i c i n g  sys t e m  we r e :  ( 1 )  hol d  d ome s t i c  pe tr ol e um pr i c e s  
b e l o w  r ap i d l y  r i s i ng wor l d  pr ice leve l s ,  and ( 2 )  p r ov ide  
suffi c i e n t  pr i c e  i nc e n t i v e s  f o r  i n c r e a s e d  dome s t i c  c r ud e  
oil p r o d uc t i o n .  T h e  n e t  e f f e c t ,  howeve r , was  to e ncour age 
addi t ional  sh a l l ow d r il l i n g  i n t o  e s t abl i shed r e se r ve s , 
wh i c h  yie l d ed a m i n i mum amo un t  o f  o i l pe r un i t  o f  d r i l l i ng 
a nd d i d not ad d appr e c i a b l y  to pr ov e n  r e se r ve s .  
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The CLC two- t i e r  sy s tem in i t i a l l y  prov ided a ce i l i ng 
pri ce for " o l d "  o i l  f ro z en at  the May 1 5 ,  19 7 3  p o s t ed 
pri c e  l e v e l  p l u s  3 5  cen t s . The ce i l i ng pri c e  for " new " 
and " re l e a s e d " c rude o i l was  the mark e t  price . " S t ri pper 
wel l l ea s e "  crude o i l  wa s l a te r  ( November 1 6 , 1 9 7 3 ) 
e x empt ed f rom CLC reg u l a t i on s . " Ol d " crude o i l wa s the 
vo l u me of  crude o i l  produced and so l d  from the property 
concern ed i n  the same mo nth of 1 9 7 2  ( t he base prod u c t i o n  
contro l  leve l , o r  " B PCL" ) .  "New " crude o i l  w a s  the 
vo l ume prod u c ed and s o ld each month i n  e x c e s s  o f  the  
property ' s  BPCL . Also , for every barre l o f  " new " crude 
o i l prod u c ed a nd s o l d , the prod ucer was perm i t t ed , a s  
a further prod uc t i o n  inc e n t ive  t o  " re l e a s e " o n e  barre l 
o f  " ol d "  c rude o i l f or s a l e  at  the  ma rk e t  price ( " re l eased " 
o i l ) .  

The May 1 5 ,  1 9 7 3 , po s t ed pri c e  wa s ch o s e n  as  the ba s e  
pri ce f o r  " o l d "  c rude o i l b e c a u se that  d a te repre s e n ted 
a t ime of  re l a t ive stab i l i ty in  th e crude o i l  mark e t . 
The add i t i o n a l  3 5  c e n t s  per b a rre l was based on e s t imated 
average i n c re a s e s  i n  po s t e d  pri c e s  be twee n  May 1 5 ,  1 9 7 3 , 
and Aug u s t  1 9 ,  1 9 7 3 , the  e f fe c t i ve date  o f  the  CLC Phase  
IV p e t ro l e u m  reg u l a t i o n s . An  add i t i o n a l  $1 .0 0  per ba rre l 
was  added to the " o l d "  cru d e  o i l  c e i l i ng price  i n  
Decembe r ,  1 9 7 3  i n  ord e r  to narrow the gap be twe e n  the 
l ower ( " o l d "  c rude o i l ) and upper ( " new " a nd " re l e a s e d " 
cru d e  o i l ) t i e r  pri c e s  wh i ch had w i d e ned con s id e rab l y  
d u r i ng t h e  Embargo d u e  t o  d rama t i c  i n c re a s e s  i n  worl d  
pri ce s .  

( 2 )  EPAA Regu l a t i o n s  

The EPAA d i re c ted t h e  Pre s i d e n t  t o  prom u l g a t e  
reg u l a t i o n s  to spe c i f y ( or pre s c ri be a manner f or 
d e t e rm i n i ng ) the pri ce of  crude o i l , re s id u a l  f u e l  o i l  
a nd re f i ned p e t ro l e um prod u c t s ,  and t o  provide f or the i r  
e qu i t a b l e  d i s t ri bu t i o n  a t  e quit a b l e  pri c e s .  The EPAA 
prov i d ed f or a do l l ar- for-d o l l ar p a s s t hro ugh of n e t  
i n c re a s e s  in  t h e  c o s t  o f  crude o i l , re s i d u al fue l oil 
a nd re f i n ed p e t ro l eum prod u c t s .  P u rs u ant to the EPAA , 
The Fed e ra l  E ne rg y  O f f  i c e  ( FEO ) prom u l g a t e d  reg u l a t i ons  
d e s i g n ed to ach i e ve the se o b j e c t i ve s .  The i n i t i a l  
Mandatory P e t ro l e u m  A l l oc a t i o n  and Pri c e  Reg ul a t i o n s  
were i s s ued and bec ame e f f e c t ive  o n  J a n u a ry 1 4 ,  1 9 7 4 .  
The CLC tw o- t i e r  pri c i ng sy s t em app l i c a b l e  to pro d u c e rs 
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of crude o i l  wa s ad op t e d  by FEO w i th " o l d " crude o i l  
s ub je ct to a c e i l i ng pri ce . " N ew " and "re l e a s e d "  crud e 
o i l  coul d be s o l d  at  ma rk e t  pri c e s ,  and s t ripp e r  we l l  
l e a s e  c rude o il was  e x empt f rom c o n t ro l s . C rud e o i l 
suppl i e r-purc h a s e r  re l a t ionsh i p s  we re f ro ze n  to pro v i d e  
equi t a b l e  d i s t ri but ion o f  d ome s t ic  c rude o i l . 

Gen e ra l l y, re f i ne rs ,  re se l l e rs and re ta i l e rs o f  
p e t ro l eum produc t s  c ould charge  a p r i c e  wh i c h  re f l e c ted 
the we igh ted average  pri c e  at wh i c h  the produc t  was 
pri ced  in  t ra n s a c t ions  w i th the  c l a s s  o f  purc h a se r  
c o n c e rned o n  May 1 5 , 1 9 7 3 , p l us incre a s e d  c o s t s  incurred 
s i nce  t h a t  t i me . To f a c i l i a t e  the  imp l eme n t a t ion o f  
EPAA pri c e  reg ul a t i o n s , th e fo l l ow i ng de c i s i o n s  we re 
made : 

P rop e rty d e f i n i t ion - The amoun t o f  c rude o i l  
e l ig i b l e  f o r  the  "upper t i e r" or mark e t  price and the  
amoun t requi re d  to be  s o l d  at the " l owe r t i e r "  ce i l i ng 
price w e re c a l cul a t ed w i th re s pe ct to e a ch " property " .  
The CLC d e f i n e d  a " prope rty " as the ri g h t  wh i c h  ari s e s  
f rom a l e a s e  or f rom a f e e  i n t e re s t  to produce c rud e 
pe t ro l e um .  Th i s  def in i t ion of property , wh i c h  was  
s ub s e que n t l y  adopted  by  FEO and FEA ,  was re c e n t l y  
amended  by FEA as d i s c us se d  be l o w .  

" B a s e  P roduc t i on C o n t ro l  Le ve l "  - ( BPC L )  i s  bas i c a l l y  
the his t oric  vo l ume o f  crude o i l  produced  and so l d  from 
a g i ven property above wh i ch a produc e r  mus t i n c re a s e  
produc t i o n  l e ve l s  i n  ord e r  to qual i f y  curre n t  produc t ion 
as  " n ew " or " upper t i e r" c rude o il . 

A s de f ined  by CLC , the B PCL f or each  prope rty wa s 
t he number o f  b a rre l s  produc ed and s o l d  f rom the  property 
in  the corre spond ing  mo nth  in 1 97 2 ,  or the numb e r  of 
barre l s  produced  and s o l d  in  the  ye ar 1 9 7 2  d i v i ded by 1 2 ,  
i f  crude o i l  was no t produc e d  and so l d  from th at  prope rty 
in  e v e ry mon th of 1 9 7 2 .  Th i s  d e f i n i t i o n  was adopted by 
FEO and FEA but wa s l a t e r  re d e f i ned by FEA to pe rm i t  
1 9 7 5  t o  b e  us ed a s  an op t i o n a l  base  ye ar.  Und e r  t h e  new 
de f i n i tion , the  mo n t h l y BPCL is  the to t a l  annua l  produc t ion 
in  e i ther 1 9 7 2  or 1 9 7 5  d i v i d ed by 3 6 6  or 3 6 5 , re spe c t i v e l y , 
and mul t i p l i e d  by the numbe r o f  days in th at  part i c ul a r  mon th . 

Purs ua nt to the re qu i reme n t s  o f  the  EPAA , C LC ex empted 
produc t i o n  from strippe r we l l  l e a s e s  und e r  reg ul a t i o n s  
wh i ch d e f ined a s tripper we l l  l e a se as a property wh o s e  
d a i l y  ave rage produc t i o n  d i d n o t  e x c e e d  1 0  ba rre l s  pe r day 
per we l l  d uring the pre c e e d i ng c a l e nd ar y e a r .  Once the 
prod uc t i o n  has be en c l a s s i f i e d  as s t ripper that c l a s s i f i c a t ion 
w i l l  c on t i nue even i f  the  da i ly produc t ion i s  i n c re a s ed above 
ten ba rre l s  pe r day l a t e r  on . 
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( 3 )  Crude O i l  E n t i t l eme n t s  - By t h e  e nd o f  t h e  Ara b  O i l  
Emb a rg o  o f 19 7 3- 7 4 , there wa s a f iv e  t o  s i x d o l l a r  p�i c e  
s pre a d  b e tw e e n  " ol d " d ome stic  c rude o i l a nd " ne w  a nd 
re l e a sed " d ome s t i c  and  import e d  c rud e o i l s .  The  a v e rag e 
c rude o i l c o st for re f i ne rs rang e d  f rom l e s s  t ha n  $5 a 
barre l t o  more than $1 1  a barre l , d e pe nd i n g  primari l y  
o n  e ac h  re f i ne r ' s m i x  o f  f o re ig n , " o l d " , " ne w " , " re l e a se d " 
a n d  " s trippe r "  o i l . 

Th i s w i d e  s pre ad i n  c rude o i l c o s t s  re sul ted i n  produc t  
pric e s  di f f e ri ng by a s  muc h  a s  f i f te e n  c e n t s  a g a l l o n .  Con
sumers were able to  pri c e  s hop , a nd h ig h  c o s t  s uppl i e rs 
h a d  t o  l ower pric e s  i n  o rd e r  t o  s e l l the i r  pro d uc t s .  The 
c ompe t i t i v e  v ia b i l i t y  o f  the l arg e  i nd e p e nd e n t s  a nd t he 
man y  smal l re f in e rs who were de pende n t  o n  fore ig n  o r  uppe r 
t ie r  c rud e s  was s eri o us l y  t h re a tened.  S i n c e  reg ul a t i o n s  
unde r  t h e  EPAA h a d  to  prov i d e  f o r  " pre s e rva t io n  o f  a n  
e c o n om ic a l l y  s o und a nd c ompe t i t i v e  petro l e um i nd us t ry 

• • • a n d  to  pre se rv e  t h e  c ompe t i t iv e  v i a b i l i t y  o f  i ndependent  
re f in e rs ( a nd ) smal l re f i ne rs " , PEA d e term in e d  that  i t s  
reg ul atory pro g ram h a d  t o  b e  mod i f i e d .  

Cons i d ering t h e  pote n t i a l  e f fec t s  o f  d i f fe re n t  opt i o n s  
upo n  t h e  re f i nery opera t io n s , l arg e  o r  smal l ,  i n  various 
l oc a t i o n s , t h e  proport i o n a t e  a l l oc a t i o n  o f  o l d  o i l t o  a l l  
re f in e rs wa s s e l e c t e d  a s  t h e  be s t  mechan i sm t o  a s s ure 
c ompe t i t iv e  v iab i l i t y  o f  t h e s e  re f i n e rs a nd t h e  m a rke t e rs 
t h e y  suppl y ,  wh i l e  accompl i sh i n g  t h e  o t h e r  requiremen t s  
o f  m a nd a to ry a l l oc a tio n .  The O l d  O i l  Al l oc a t i o n  Prog ram 
w a s  mad e e f fec t iv e  i n  Novemb e r  1 9 7 4 , a n d  wa s l a t e r  mod i f ie d  
to  a c c o un t  f o r  t h e  c e i l ing  pric e s , e f fec t i v e  Fe bruary 1 ,  
1 9 7 6 , o n  uppe r t ie r  d ome s t i c  c rud e o i l  prov ide d  f o r  by the  
E n e rg y  P o l i c y  a nd C o n s e rv a t io n  Ac t ,  a nd the  S e ptember 1 ,  
1 9 7 6 e x empt i o n  o f  s tri ppe r we l l  c rud e o i l .  Th i s  prog ram 
i s  g enera l l y  re f e rred t o  a s  t h e  " En t i t l emen t  Prog ram , "  
a n d  i s  t h e  k e y  to  ma i n t a i n i n g  c ompe tit i v e  v i ab i l i ty o f  
re fin e rs and m arke ters and prov i d i n g  f o r  e qui tabl e pri c e s  
t o  c o n s umers unde r  a mul t i- t i e r  c rud e pric e  s truc ture. 
Thoug h  i t  was  d e v e l oped t o  o f f s e t c e rt a i n  und e s i rabl e 
e f f e c t s  o f  mul t i - t i e re d  c rud e pric i ng , i t  ha s bec ome 
the s upport s truc ture f o r  t h e  s y s t em. The pre se n t  mul t i 
t ie re d  pri c e  sys tem , e s tabl i sh e d  b y  PEA t o  c o n fo rm t o  t h e  
c rude pri c i ng requiremen t s  o f  t h e  Ene rg y  P o l i c y a n d  C o n 
s e rv a t io n  Act , c o n t i n ue s  t o  re l y  o n  t h e  E n t i t l em e n t s  
Pro g ram t o  a s sure c ompe t i t i v e  v iab i l i t y  among p e tro l eum 
re f in e rs a n d  marke ters , whil e equi tabl y d i s tribut i ng t h e  
b e n e f i t s  o f  price  c on t ro l l ed d ome s t i c  c rude o i l among a l l  
p e t ro l e um pro d uc t  use rs .  
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o. Ac t i o n s  to  be t a k e n  

( 1 )  EPCA Reg u l a t i o n s  

Pu r s ua n t  to the E PAA,  t h e  P r e s i d e n t  w a s  a u tho r i zed 
to i mpl eme n t  spec i al pr i c e  and a l l oc a t i o n  r eg u l a t io n s  to 
m i nim i z e  the adve r se i mpac t s  o f  t he s h o r tage o f  c r u de o i l 
r e s u l t i ng f r om the  Ar ab  O i l  Emb a r g o  i n  1 9 7 3 - 7 4 . I t  bec ame 
appa r e n t  t h a t , in o r d e r  to a s s u r e  a s ta b i l i zed c r ude  o i l 
supp l y  i n  the l ong  r un ,  i n c r e ased  domest i c  p r o d u c t i o n  h ad 
to be  e n c o u r aged . Spe c i f i c  p r ov i s i o n s  we r e  m a nd a ted by 
Se c tion 4 0 1  o f  the EPCA t o  pr o v i d e  pri c e  i n c e n t i ve s th a t  
wo u l d  enco u r ag e  dome s t i c p r od u c t i o n  wh i l e  m i n im i z i ng 
i n f l a t i o na r y  pr e s s u r e  whi c h  c o u l d  i nh i b i t  e c onom i c  r e cove r y . 

The s t i p u l a ted r equir em e n t s  i n  E PCA, wh i c h  we r e  
impl emen ted a n d  p r omu l g a t e d  a s  FEA r eg u l a t i o ns , i nv o l ve d  
the i mp l eme n t a t ion  o f  a s y s t e m  o f  pr i c e  c o n t r o l s appl i c a b l e  
t o  a l l  f i r s t  s a l e s  o f  dome s t i c  c ru d e  o i l . Th e s y s t e m  w a s  
d e s i g ne d  to r e s u l t  i n  a s ta t u to r i l y  mand a te d  we igh ted 
aver ag e  f i r s t  s a l e pr i c e  ( " c ompo s i t e pr i c e " ) o f  $7 . 6 6 pe r 
ba r re l  i n  Feb r u a r y  1 97 6.  The EPCA a l so p e rm i t t e d  u pwa r d  
ad j u s tmen t s  i n  t h e  c ompo s i t e pr i c e  t o  r e f l e c t  i n f l a t i o n  
pl us  n o t  mor e  t h a n  a 3 pe r ce n t  a nn u a l  i nc r e a s e  a s  a 
p r od u c t io n  i nc e n t i ve p r ov i d e d  the  s um o f  t h e  two ad j u s t 
men t s  d id n o t  e x ceed  1 0  pe r ce n t  a nn ua l l y . I n  a d d i t ion , 
the EPCA p r o v i d e d  a me c h a n i s m fo r fu r th e r  a d j u s tmen t s  i n  
e x c e s s  o f  t h e  3 pe r c e n t  a nd 1 0  pe r c e n t  l im i t a t i o n s , i f  t hey 
we r e  j u s t i f i e d  as a f u r th e r  p r od u c t i o n  i n c e n t iv e . The s e  
f u r the r a d j u s tme n t s  a r e  s u b j e c t  t o  C o ng r e s s i o n a l  v e t o . 
Fina l l y , the EPCA r e pe a l e d  t h e  E PAA s t r ippe r we l l  exe mpt i o n . 
Th e e x p i r a t i o n  d a te o f  the c r ud e  o i l pr i c i ng m a nd a t e u n d e r  
t h e  EPC A  i s  May 31 , 1 97 9 . 

( 1 . 1 ) S tage I I mpleme n t a t i o n  - E f fe c t ive Fe b r ua r y  1 ,  1 9 7 6 , 
FEA impleme n ted the  mand a t e d  pr ov i s i o n s  a s  r eq u i r e d  i n  
Se c t i o n  4 0 1  o f  the EPCA by r e t a i n i ng t h e  t wo - t i e r  p r i c i ng 
sys tem w i t h t h e  f o l l ow i ng pr i c e  c o n t r o l s . 

( l ) Uppe r  t i e r  c r ude o i l ( f o r me r l y  n e w , r e l e a s ed 
a nd s t r i ppe r c r ud e  o i l ) wa s c o n t r o l l e d at  an e s t imated  
ave r ag e  fi r s t  s a l e  pr i c e  o f  $1 1 . 2 8 pe r b a r r e l  i n  
Fe bru a r y , 1 97 6 , by mea n s  o f  a $1 . 3 2 pe r b a r r e l  r o l l -bac k 
f r om t he h ig he s t  pos ted  pri c e  a t  e ac h  f i e l d  o n  S e pt . 3 0 , 
1 97 5 ( Se e  Fed e r a l  Re gi s t e r ,  Vo l . 4 1 , N o . 23 , Fe br u a r y  3 ,  
1 9 7 6 ) . 

( 2 )  Lowe r - t i e r  c r ude o i l ( f or me r l y  o l d  c r ude o i l )  
wa s c o n t r o l l e d  a t  a n  e s t ima ted  averag e f i r s t  s a l e pr i c e  
o f  $5.2 5 pe r b a r r e l  i n  Fe br u a r y  1 9 7 6 . Thi s  p r ice  w a s  
b a s e d  o n  the  highe s t  po s te d  pri c e  a t  e a c h  fie l d  o n  
May 1 5 ,  1 97 3 , pl us $1 . 3 5 pe r b a r r e l . ( Se e  Fe de r a l  
Reg i s ter , Vo l . 4 1 , N o . 2 3 , Fe br u a r y  3 ,  1 976 ) .  
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To h e l p  a s s u r e  c o n t i n u e d  p r od u c t i o n  i n c e nt i ve s f o r  
the f i e l d s  e x pe r i e n c i n g  n a tura l  d e c l ine s o f  p r o d u c tion 
r a te s  s i nce  1 97 2 ,  a p r ope r ty ' s  BPCL wa s r ede f i ned a s  
e i the r , a t  the  e l ec t i o n  o f  t he p r o d u ce r , t h e  pr ope r t y ' s  
a ve r ag e  mon t hl y p r od uc t i o n  and s a l e  o f  o l d  c r ude o il i n  
1 9 7 2  o r  the  1 9 7 5  d a i l y  a ve r ag e  p r od uc t i o n  t i me s t h e  n u mbe r 
o f  d ays  i n  the  mon t h . Al l e x i s t i ng c umu l a t i ve d e f i c i e n c i e s  
i n  p r o d uc t ion , wh i c h  pr e v i o u s l y  h a d  t o  b e  made up befo r e  
o i l  c o u l d  be  quali f i ed a s  " ne w "  o i l , we r e  e l i mi n a t e d , a s  
wa s the  r e l e a sed  o i l  co ncept.  

Und e r  the r e v i sed d e f i n i t i on ,  e ac h  pr oper ty ' s  BPCL 
f o r  a pa r t i c u l a r  mon t h  was a l lowed t o  be  c a lc u l a t e d  on 
the b a s i s  of  the pr ope r ty ' s  total 1 9 7 5  p r od uction and 
s a l e o f  o l d  c r ud e  o i l , d i v id e d  by 3 6 5 , and  mu l t ipl i e d  
by t h e  n umbe r  o f  d a y s  i n  t h a t  mon th d u r i n g  19 7 5 .  Tho se 
who s e  BPCL ' s  wo u l d  be  r a i se d  be c a u s e  they we r e  e l i m i n a t i n g  
l ar ge c umu l a t ive  d e f i c i e n c i e s  d u r i ng 1 9 7 5  we r e  g i ven the 
opt i o n  o f  u s ing  the i r  new BPCL ' s .  Th i s  n e w  b a s i s  for  
c a l c u l a t i n g  BPCL ' s  d i f fe r s f r om the  p r ev io u s system,  whi c h  
r e l i e d  upo n mon t h-by-mo n t h  t a ll i e s  o f  1 97 2  p r o d uc t i o n . 
I t  w a s  d e te r mined t h a t  t he new d e f i n i t io n  o f  BPCL a vo id ed 
the anoma l o u s  o r  u n r epr e se n t a t i v e  r e s u l t s  o f  t h e  o t h e r  
c a l c u l a t i o n s . ( S tage  I I  o f  E PCA d e f i n e s  add i t i o n a l  a d j u s t 
me n t s  to  BPCL's to a c c o u n t f o r  n a t u r a l  d e c l ine s i n  
p r od uc t i o n . )  

The n e w  BPCL ' s ,  b a s e d  upon 1 9 7 5  pr od uc t io n  and  s a l e  
o f  o l d  c r ud e  o i l , a r e  o bv i o u s l y  l owe r f o r  pr ope r ti e s  whe r e  
t he 1 9 7 5  pr o d uc t i o n  w a s  b e l o w  the  1 9 7 2  pr o d u c t i o n . They 
a r e  a l so l owe r f o r  p r o pe r t ie s  wh i c h  e x c e e de d  the i r  BPCL ' s  
o f  1 9 7 2  and s o l d  n e w  c r ud e  o i l  i n  1 9 7 5 .  The r e a son f o r  
th i s  i s  t h a t und e r  t h e  f o r me r  r eg u l a t i o n s , r e le a s e d  c r ude  
o i l , wh i c h  wo u l d  o the r w i se h a ve b e e n  sold  as  o l d  r e l e a s e d  
c r ud e  o i l , wa s so l d  a t  uppe r t ie r  pr i c e s  a n d  wo u l d  n o t  
be i nc l uded  i n  a p r ope r ty ' s  pr o d uc t i o n  a n d  s a l e  o f  o l d  
c r ud e  o i l d u r i n g  1 9 7 5 .  Ove r a l l , thi s s y s t e m  a l l o w s  t h e  
FEA t o  t a k e  i n to a c c o u n t  the  n a t u r a l  d e c l i n e  r a te a s soc i a ted 
w i t h  pr i ma r y  pr od uc t ion , wh i l e  e n c o u r ag i n g  e ac h  p r o d u c e r  
to o p t i m i z e  h i s  c r ude o i l o u tpu t . 

One add i t i o n a l  c hange  f r o m  t h e  pr e v i o u s  r eg u l a t ions  
w a s  the e l i mi n a t i on of  t he r el e a s ed c r ud e  o i l p r ov i s i on , 
wh i c h  had been  i n t r od u c e d  by t h e  CLC a s  a n  ince n t ive 
spe c i f i c a l l y  app r opr i a te to a s h o r t-t e r m  pr og r am.  The 
40-mo n t h  EPCA pr i c i n g  poli c y  wo u l d  a l l ow c r ud e  o i l 
pr od uced i n  e x ce s s  o f  the BPCL t o  be  s o l d  a t  the uppe r 
t i e r  c e i l i n g  pr ic e , bu t n o  equ i v a l e n t a mo u n t  o f  l ow e r  
t ie r  c r ud e  o i l wo u l d  be  r e l e a sed to be  s o l d  a t  u ppe r 
t i e r  p r i ce s .  
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( 1 . 2 ) Sta g e  I I  I mpl eme n t a t i o n  - " S tage I I "  o f  the E PCA 
imp l e me n t a t i o n  i n c l uded  the upwa r d  ad j u stme n t s  to the 
compo s i te pr i c e . Sec t i o n  4 0 1  of  the EPCA ( un t i l  la t e r  
ame nd e d  by t h e  ECPA , a s  d i s c u s s e d  be l o w ) pe r m i t t ed 
upwa r d  ad j u s tme n t s  to r e f le c t  i n f la t i o n  a nd t o  p r o v i d e  
f o r  add i t i o n a l  p r od u c t i o n  i n ce n t i ve s  s u bj e c t  t o  the 
r e s t r i c t i o n s  t h a t  the a d j u s tme n t  to p r o v ide  a p r od uc t i o n  
i nc e n t ive m a y  n o t  e x ce ed 3 pe r c e n t  a n n ua l l y  a n d  the 
ad j u s t me n t  to r e f lec t the impac t  of  i n f l a t i o n  must be 
ba sed on the  f i r s t r e v i s i o n  of the mo s t  r e ce n t  Impl i c i t  
Pr i c e  De f l a t e r  f o r  the Gr o s s  Na t i o n a l  P r od uc t . Th e 
c omoi ned e f f e c t  o f  b o t h  adj u s tme n t s  c o u ld n o t  e x c e e d  a 
max imum o f  1 0  pe r c e n t  a n n u a l l y .  Th e S t ag e  I I  I mpl eme n t a 
t i o n  wa s i s s u e d , on  a ten t a t i v e  ba s i s , o n  Ma r c h 1 ,  1 977 
a nd w i l l  be s u b j e c t  to mod i f i c a t i o n s  b a se d  o n  t h e  r e s u l ts 
of th i s  EIS . 

�he s t a t ut or y l im i t  o f  3 pe r ce n t  per  y e a r  p r od uc t i o n  
i nc e n t ive  pr i c e  adj u s tme n t s  appl i e s  t o  the  c ompo s i t e pr i c e . 
FEA m u s t  the r e f o r e  d e t e r m i n e  h o w  t o  d i s t r i b u t e the a d j u s tme n t  
b e tw e e n  t h e  two t i e r s .  Wi tho u t  t h e  r e so l u t i o n  of o n e  f u r t h e r  
i s s u e , the  que s t i o n  o f  how t o  d i s t r ibute pr i c e  ad j u s tme n t s  
i n  S t a g e  I I  wo u l d  have been  moo t .  Se c t ion  8 ( b ) ( 2 )  spe c i ti e s  
tha t po s i t i ve p r od uc t i o n  e ffe c t s  m u s t  be  r e ali z e d  i f  the  
pr i c e  of  l o we r  t i e r  c r u d e  o i l  i s  to b e  ad j u s te d  upwa r d . 
I t  was d e te r m i ned t h a t  the f a i l u r e  to a l low t h e s e  pr i c e s  
t o  i n c r e a s e  would d i sc o u r ag e  the e x i s t i ng c r u d e  o i l  
pr od uc t i o n . He nc e , the d e c i s i o n  was made  t o  pe r m i t  
i nc r e a s e s i n  l o we r  t i e r  c e i l i ng pr i c e s . 

I t  was  r e cog n i z ed t h a t  the St a g e  I r e g u l a t i o n s  
m i g h t  n o t  o f f e r  adequ a t e  i n c e n t ive s t o  the  pr odu ce r s  
o f  many e x i s t i ng prope r t i e s , s i nc e  the r eg u l a t i o n s  d id 
no t t a k e  i n t o  a c c ou n t  the  na t u r a l  d e c l i n e  i n  pr od u c t i o n  
f r om tho se pr ope r t i e s . As a pr ope r t y f a l ls f u r th e r  a nd 
f u r the r b e low it s BPC L ,  t he r e  i s  a n  e ve r -d im i n i s hi ng 
li k e l i hood t ha t  that  p r o pe r ty w i l l  ever  be a b l e  to 
p r o d u c e  uppe r t i e r  c r ud e  o i l . Be c a u s e  of  these 
c o n c e r n s , a po l i c y  was  adopted of  a d j u s t i ng BPCL ' s o n  
the ba sis o f  a n nu a l  ave r ag e  p r o d u c t i o n  d e c l i n e  be twe e n  
1 972 and 1 975 on  a p r ope r ty-by-pr ope r ty ba s i s . S em i 
a n n u a l  a d j u s t me n t s  w o u l d  b e  a l l owed  f o r  a l l  pr ope r t i e s  
wh i c h  f a i l ed t o  p r od uce n e w  crude o i l  d u r i ng t h e  f i r s t 
5 mo n t h s  o f  the  pr ic i ng p r og r am ,  a s  we l l  a s  f o r  any 
p r o pe r ty wh i c h , i n  a ny s ubseque n t  6 -mo n t n  per i od , f a i l s  
to p r o d u c e  c r u d e  o i l i n  a n  amo u n t  a t  l e a s t  equ a l  to the 
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sum o f  i t s  mon th l y  B P CL ' s f o r  t h a t  p e r i od . Th i s  a d j u s t
me n t  wou l d  n o t  i nv o l v e  any ch ang e in  a p r o pe r ty ' s  c u r r e n t  
c umu l a t ive d e f i c i e n c y . Th i s  p r ov i s i o n  f o r  a d j u s t ing  BPCL ' s 
wo u l d  o f fe r  no add i t i o n a l  i n c e n t i ve s  f o r  tho s e  pr ope r t i e s  
wh i c h , r ea l i s t i c a l l y ,  h ad n o  c hance  o f  p r od u c i ng u ppe r 
t i e r  c r ud e  o i l . B u t  a l ac k  o f  i n c e n t i ve s , c o up l e d  w i th 
the e r o s i o n  o f  l owe r t i e r  pr i c e s  i n  r e a l  d o l l a r s ,  wo u l d  
r ed u c e  the  total  pr od uc t i o n  o f  o l d  c r ud e  o i l . Th i s , i n  
t u r n ,  w o u l d  f u r th e r  a l te r  the r a t i o  be twe e n  o l d  c r ud e  o i l 
p r od u c t i o n  and  n e w  c r ud e  o i l  p r o d uc t io n . ( Th e  p r o po r t io n  
o f  new c r ude o i l w a s  a l r e a d y  e xpe c t e d  to  r i se , s i nce the 
pr i c i n g  pol i c y  wa s d e s i gned  to  e nc o u r ag e  t h e  pr od u c t i o n  o f  
th i s  o i l .  I t  c o u l d  be  e xpe c ted to  r i se e ven mo r e  w i th the  
downwa r d  ad j u s tme n t  of  BPCL ' s . ) As a r e s u l t , a d e c l i n i ng 
pr opo r t i o n  o f  l ower t i e r  c r ud e  o i l a t  a n  u nch a ng i ng pr ice  
wo u l d  e f fe c t i v e l y  ho l d  down a n y  upwa r d  pr i c e  ad j us tmen t s  
f o r  uppe r t i e r  c r ud e  o i l . 

The se c o n s i d e r a t i o n s  l ed to  the a l te r n a t ive a ppr o ache s 
to  d i s tr i b u t i o n  o f  the  pr i c e  adj u s tme n t s  be twe e n  the  two 
t i e r s .  D i s t r i b u t ion  o f  a l l  o f  the  p r ic e  a d ju s tme n t s  to 
the uppe r  t i e r  w a s  i n i t i a l l y  co n s i d e r ed . Th e  d e c i s i o n  wa s 
mad e ,  h oweve r , to  app l y  the  s ched u l e d  month l y  pr i c e  a d j u s t 
men t s  e qua l l y , a t  l e a s t  a s  l o n g  a s  t h e  r a te  o f  
i n f l a t ion  d id not  e xceed the r a te o f  ad j u s tme nt t o  both 
t i e r s .  A t  th a t  po i n t , pr e fe r e n c e  woul d  b e  g i v e n  to  the 
uppe r t i e r  pr i c e s . I n  the  c a se o f  the  p r od u c t i o n  
i n c e n t ive  ad j u s tme nt , a n a l y s i s  i nd i c a t e d  tha t t h e  e n t i r e  
3 pe r ce n t  ad j u s tme n t  a l l owab l e  wo u l d  be  needed  t o  
n e u t r al i z e the  impa c t  wh i c h  the  c h a ng e s in t h e  pr o d u c t io n  
r a t i o  wo u l d  h ave o n  t h e  c ompo s i te pr i c e . I n  f a c t  t h e  
ad j u s tme n t  pr oved i n s u f f i c i e n t and  a pr i c e  f r e e z e  wa s 
put  i n to e f fe c t . 

FEA i s  r e qu i r ed ( 4 1 F R  1 5 5 7 3 , Apr i l  1 3 ,  1 9 7 6 ) ,  
und e r  the  Nat i o n a l  Env i r o nme n t a l  Po l i c y  Ac t o f  1 9 6 9  
( PL 9 1 - 1 9 0 , N E PA ) , t o  d e te r m i ne whe ther  o r  n o t  t h e  
S ta g e  I I  r eg u l a t i o n s  wou l d  " s ig n i f i c an t l y  a f fec t t h e  
qua l i ty o f  t he h uman e nv i r o nmen t . "  A n  e n v i r onme n t a l  
impa c t  a s se s sme n t  h a s  be e n  p r e pa r e d  wh i c h  i nd i c a te s  
th a t  n o  adve r se e nv i r onmen t a l  i mpa c t s  a r e  l i ke l y  i n  the  
shor t te r m , s i n c e  the  ma j o r  imme d i a t e  impa c t  of  the 
r eg u l a t i o n s  w a s  d e t e r m ined to b e  a s l i g h t  i n c r e a se in  
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the pr i c e  o f  c r ud e  o i l , a nd a n  a t t e n d a n t  s l i g h t  d e c l i n e  
i n  the  u s e  o f  pe t r o l e um p r o d uc t s . Thi s pr i c e  i nc r e a s e  
wo u l d  n o t  pr ompt a s w i tch t o  c heape r , mo r e  pol l u t ing  
f u e l s . Long - te r m  e f fe c ts , howeve r , we r e  no t a s  e a s i l y  
d e t e r m ined . On the  b a s i s  o f  t he env i r o nmen t a l  a s s e s smen t , 
i t  wa s concl uded t h a t  a n  env i r o nme n t a l  impa c t  s t a teme n t  
( EI S ) s h o u l d  be  pr epa r ed t o  a s s e s s  the  l ong - t e r m  
env i r o nmen t a l  e f fe c t s  o f  the  S t ag e  I I  r eg u l a t i o n s . 

( 1 . 3 )  S tage I I I  P r o po sed  Rul ema k i ng  - The  p u r po s e  o f  t h e  
S ta g e  I I I  p r o po s a l w a s  to c o n s ide r  whe the r  add i t i o n a l  i n
c e n t i ve s , beyond the ad j u s tme n t s  adopted i n  t h e  S t age I I  
p r o c e e d i ng , we r e  needed  to ma i n ta i n  o r  i nc r ea s e  prod uc t io n . 
I f  add i t i o n a l  i n c e n t i v e s  we r e  f o und to be  nece s s a r y ,  s uch 
p r opo sed  amendme n t s  wo u l d  then  be f o r w a r d e d  to Cong r e s s  fo r 
r e v i e w . The need f o r  a dd i t i o n a l  i n c e n t i v e s  w a s  c o n s i d e r ed 
i n  t h r e e  a r e a s : ( 1 )  i nc e n t i v e s  fo r d i s c ove r y  and d evel op
ment o f  h ig h  c o s t  and h ig h  r i s k  p r ope r t i e s ; ( 2 ) the 
appl i c a t ion  o f  e nhanced r e cove r y  t e c hn i ques ; ( 3 )  s u s t a i n i ng 
p r od uc t i o n  f r om mar g i na l  we l l s . Spec i f i c p r opo s a l s f o r  
i nc r e a sed p r o duc t i o n  i ncen t iv e s  wh i c h  we r e  con s i d e r e d  we r e  
the f o l l ow i n g : 

o Uppe r t i e r  o r  m a r k e t  l evel pr i c e s  f o r  a l l  
p r od uc t io n  f r om new r e s e r vo i r s .  

o Ma r ke t  l evel  pr i c e s  fo r p r od uc t i on fr om 
new w i l d c a t  p r o pe r t i e s . 

o Mar k e t  l evel pr i c e s  f o r  p r o d uc t i o n  f r om 
new p r o pe r t i e s  l oc a te d  o n  th e O u t e r  
Con t i ne n t a l  S h e l f .  

o Mar ke t l evel  pr i c e s  f o r  p r od uc t i o n  f r om 
n e w  dee p  we l l s  o r  d e e p  h o r i zo n s  i n  o nsho r e  
pr ope r t ie s . 

o Ma r ke t  l evel  pr i c e s  f o r  pr od u c t i o n  p r ope r t i e s  
ope r a te d  b y  i nd ependen t  p r o d u c e r s .  

o Uppe r t ie r  o r  m a r k e t  l evel  pr i c e s  f o r  
i nc r emen tal  pr od u c t io n  de r i v e d  t h r ough  
appl i c a t i o n  o f  c e r t a i n  h ig h  cost  e nh an c ed 
r ecove r y  techn i q ue s . 
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o Q u a l i f i c a t ion  o f  s tr ippe r w e l l  p r i c e s  b a sed 
on the  pr e c ed ing 1 2  month s o f  pr o d u c t ion 
r a t h e r  than the p r e c ed i ng c al e nd a r  yea r .  

o Qual i f i c a t io n  o f  s t r i ppe r we l l  pr i c e s  
a c c o r d i ng to  wel l d epth a nd a c co r d i ng t o  
o n sho r e  o r  o f f sho r e  l oc a t ion.  

o Q u a l i f i c a t ion  o f  s t r i ppe r wel l pr i c e s  
acco r d i ng to  t h e  r at i o  o f  non-c r ud e  o i l  
f l u i d s  p r od uced.  

o Q u a l i f i c a t ion  o f  m a r g i n a l  gas  w e l l s  p r od uc ing 
cond e n s a t e  for  s t r ippe r we l l  pr i c e s .  

o Ma r ke t  l evel  pr i c e s  f o r  s t r i ppe r w e l l  p r o 
d u c t ion.  Ad ju s tmen t s  to  h i s to r i c a l  g r av i ty 
pr i c e  d i f f e r e n t i a l s  for  h e avy c r ude o i l .  

Th e S t a g e  I I I  p r opo s a l  w a s  d e fe r r ed ,  i n  par t ,  
b e c a u s e  o f  the  i nc r e a sed pr i c i ng f l e x i b i l i t y  a f fo r d ed 
by  the e l im inat i o n  o f  the 3 pe r ce n t  pr od u c t i o n  incent i v e  
l im i t a t i o n  a nd the e xemp t i o n  o f  s t r i ppe r we l l  p r od uc t ion  
f r om pr i c e  c o n t r o l s by  the  Ene r gy Cons e r va t i o n  a nd 
Pr o d uc t ion Act  ( EC PA )  e na c t ed A u g u s t  1 4 ,  1 9 7 6 .  ( Se e  
Sec t i o n  (D) b e l ow. ) 

As r eq u i r ed und e r  NEPA ( 4 1 F R  1 8 8 7 7 , May 7 ,  1 9 7 6 ) , 
a n  e nv i r onme n t a l  impa c t  a s se s sme n t  o f  t h e  pr opo s e d  
S t a g e  I I I  r e g u l a t i o n s  h a s  been  p r epa r ed .  F E A  h a s  c on
c l uded , on the  b a s i s  o f  the  env i r onmen t a l a s se s sment , 
that t he r e  would  be  n o  s ign i f i c ant adve r se s ho r t -t e r m  
env i r onme n t a l  e f fe c t s  f r om the  pr opo s e d  adjustment s ,  
s ince  m o s t  o f  the a c t i v i t i e s  wh i c h  t h e s e  a d j u s tmen t s  
wou l d  gene r a t e  r eq u i r e l ong  l ea d  t ime. Howeve r ,  i t  wa s 
d e te r m ined that t h i s  E IS would  b e  p r epa r ed i n  o r de r  t o  
e xam ine  i n  g r ea t e r  d e t a i l  t h e  l o nge r - te r m  e nv i r onmental  
impa c t s  o f  the  pr opo sed p r i c e  a d j u s tmen t s  r e s u l t i ng f r om 
the S ta g e  I I I  impl emen t a t i o n. 

Pr i c e  F r e e ze - Bec a u s e  the e s t imated impa c t  o f  the  S t a g e  I 
a nd S t a g e  I I  impl ementa t io n  o f  EPCA w a s  b a s e d  o n  e s t ima t e s  
o f  uppe r a n d  l ower  t ie r  vol ume s a nd pr i c e s , S t a g e  I I  r e g u
l a t i o n s  p r o v i d e d  tha t the  c r ud e  pr i c i ng s ched u l e wou l d  be  
a d ju s te d  when actual  pr i c e  a nd vol ume d a ta  b ec ame a va i l ab l e .  
Whe n  t h e  a c t ua l Febr u ar y  a n d  Ma r c h  1 9 7 6  d a t a  became ava i l ab l e  
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to FEA , they r e ve a l ed that  the S t a g e  I I  adju s t me nt s  we r e  
r e s u l t i ng i n  c ompos i te pr i ce ove r ag e s  and t h a t  the c r u de 
pr i c i ng sc h e d u l e  wo u l d  have to be ad j u s t e d . 

B a s ed on a c t u a l  p r od u c t i on vol umes a nd pr i ce s  f o r  
t h e  months  of  Feb r u a r y  and M a r ch , 1 9 7 6 , FEA e s t imated 
that  r e venu e s  r e ce i ved by c r ude o i l  p r od u c e r s  we r e  
app r o x i ma t e l y  $6 0 m i l l i o n  i n  e x c e s s  o f  those  wh i c h  wo u l d  
have been r e c e ived i f  t h e  a c t u a l  c ompo s i te pr i c e  f o r  t h a t  
pe r i od h a d  conc u r r ed e x a c t l y  w i t h t h e  s t a t u t o r y  compo s i te 
pr i c e  in F e b r u a r y  and M a r c h , 1 9 7 6 .  

I t  wa s d e te r m i ned tha t ,  r a th e r  than a r o l l -ba c k , 
t he be s t  me thod wo u ld be to f r e e ze pr i c e s  e f f e c t i ve 
J u l y  1 ,  1 9 7 6 ,  ini t i a l l y  fo r two mont h s  ( J u l y  and A u g u s t ) .  
Th i s  wo u l d  g i ve F EA an oppo r t unity  to r e ce i ve a nd eva l u a t e  
t w o  add i t i ona l months  o f  a c t u a l  vo l ume and compo s i te pr i c e  
d a t a , be f o r e  ma k ing f u r th e r  a d j us t ment s t o  the  c r ude  pr i c i ng 
sche d u l e . 

I n  Janu a r y  o f  1 9 7 7  the uppe r t i e r  ce i l i ng pr i c e  wa s r o l l ed 
bac k 2 0  cents per  ba r r e l f o r  t he mont h s  o f  J anu a ry t h r ough 
M ar c h . In Ma r ch the uppe r t i e r  ce i l i ng pr i c e  was r o l l e d  
b a c k  a n  add i t i ona l 4 5  cents per  ba r r e l for  the  months  o f  
M a r ch th r o u gh J u l y .  

( 2 )  ECPA Re g u l a t i ons On A u g u s t  1 4 , 1 9 7 6  the E C PA 
was e na c t ed . I t  cont a i ned s e ve r a l s i gni f i c a nt p r ov i s ions 
r e g a r d i ng cr u de o i l  pr i c e s . 

Remo v a l  o f  t h e  3 -pe r cent l im i t a t i on The E C PA r e moved 
the EPCA 3 -pe r cent l im i t a t ion on the p r od u c t ion i ncent i ve . 
The ove r a l l  1 0  pe r cent annu a l  l i m i t a t i o n  on pr i c e  ad j us t 
ments to r e f l e c t  i nf l a t i on and p r ov i de a p r od u c t i on 
inc e nt i ve r ema i ned . Th i s  g r e a t e r f l e x i b i l i ty was i ntend ed 
to p r o v i de F EA w i th a f u r t h e r  me ans to e nc o u r age dome s t i c 
p r o d uc t i o n ,  w i th a h i gh  pr i o r i ty on devel opment and 
appl i c a t i on o f  h i gh - c o s t  e nh a nc ed r e cove ry  t e chnique s ,  
and compens a t i on for  ce r t a in l a r g e  g r a v i ty pr i c e  
d i f f e r e nt i a l s  a s s oc i a t e d  w i th h e avy c r u de o i l s  f r om 
C a l i fo r n i a  and A l a s k a . 

S t r ipp e r  E x emp t i on - The EC PA pe r m i t t e d  s t r ippe r we l l  
c r ude  o i l once a g a in to be s o l d a t  mar k e t  pr i c e  l eve l s  by 
r emov i ng the pr i c e  l i m i t a t i o ns impo sed on s t r ipp e r  we l l  
p r o d u c t i on by the  EPCA . Howeve r , s t r i pper we l l  p r od u c t i on 
and s a l e s  we r e  no t e x c l uded f r om th e ca l c u l a t i on of  the 
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compo s i t e  pr i c e . Ra the r , s t r ippe r o i l  w a s  t o  be  g i ven a n  
" i mpu t ed " pr i c e  o f  $1 1 . 63 pe r b a r r e l  pl u s  t h e  d i f f e r ence  
be tween the w e i g hted  a ve r ag e  pr i c e  of  o t he r c o n t r o l l ed 
c r ud e  o i l  pr o d u c t i on s i n  Aug u s t , 1 9 7 6  and  t h e  c u r r en t  
mo n t h  f o r  pur po s e s  o f  t h e  month l y c ompo s i te pr i c e  c a l c u 
l a t i o n . I t  wa s l at e r  found  t h a t  th i s  pr i c e  e x c ee d e d  the 
a c t u a l s t r i ppe r pr i c e  i n  Aug u s t , 1 9 7 6  by a ppr o x ima t e l y  3 0  
c e n t s  pe r b a r r e l . 

FEA i mpl emen ted  the  m and a t e d  E CPA pr ov i s i o n s  w i th 
r e spe c t t o  s t r i ppe r w e l l pr ope r t i e s  by e xempt i ng  c r ud e  o i l  
pr od uced t r am s u c h  pr ope r t i e s  f r om pr i c e  c o n t r o l s e f fe c t i ve 
S e ptembe r 1 ,  1 9 7 6 . 

Enhanced  O i l  Re c o ve r y  Mand a te 

T h e  E CPA a l so i d en t i f ied  two add i t i on a l  pr i o r i t i e s  
w i t h r e s pe c t t o  o pt i m i z i n g  dome s t i c  pr od u c t i o n : enh anced 
r e c o ve r y  t e c h n i q u e s  a nd the c o r r e c t i o n  o f  the g r av i ty 
d i f f e r e n t i a l  pr o b l em . Th e F E A  h a s  i s s u e d  a n o t i c e  o f  pr o 
po sed r u l em a k i ng t o  c o n s i d e r  how h i g h - c o s t  e nhanced r e cove r y  
tech n ique s c a n  b e  i d en t i f i e d  a n d  h o w  pr i c e  i n c en t i v e s  c an 
be  a pp l ied  t o  s t im u l a t e  s u c h  dome s t i c  pr od uc t ion . Two publ i c  
h e a r i n gs have  bee n  h e l d  to r ec e i ve commen t s  a n d  r e s po n s e s  
f r om i nd u s t r y  a nd c on s ume r g r o ups . On A u g u s t  1 7 ,  1 9 7 7 , F EA 
pu b l i s hed  i t s  No t i c e  o f  Dec i s i o n  o n  t h e  add i t i o n a l  pr i c e  
i n c e n t i ve s f o r  t e r t i a r y  e nh anced r e cove r y  o i l a nd t h e  d e t a i l  
o f  t h e  pr i c e  r eg u l a t ion s i s  be i n g  f i n a l i z e d  b y  t h e  Econom i c  
Reg u l a to r y  Adm i n i s t r a t i o n  ( E RA ) o f  t h e  Depa r tme n t  o f  E n e r g y  
( DO E ) ( wh i c h  h a d  s u c c e e d e d  t o  F EA ' s f u n c t i o n  und e r  t h e  EPAA 
as a r e s u l t  o f  the  Depa r tme n t  o f  E n e r g y  O r g a n i z a t ion  Ac t ,  
P u b . Law 9 5 - 9 1 , a n d  pe r t i ne n t  d e l eg a t io n s  f r om t h e  S ec r e ta r y  
o f  E n e r g y . )  

Gr a v i t y D i f fe r e n t i a l  Pr i c e  Ad j u s tme n t  

E f f e c t i v e  O c t ob e r  1 ,  1 9 7 6 , t h e  F E A  a c t e d  t o  ad j u s t  
gr a v i ty pr i c e  d i f f e r en t i a l s w i th r e spe c t  t o  h e avy 
Ca l i fo r n i a  a n d  Al a s k a n  c r ud e  o i l , i n  a c c o r d an c e  w i t h 
pr o v i s io n s  o f  E CPA . Lowe r t ie r  h e avy Ca l i f o r n i a  c r ude o i l 
h i s to r i c a l l y  wa s pr i c e d  s u b s t an t i a l l y  b e l ow  t h e  n a t i on a l  
a ve r ag e  f o r  the  l owe r t i e r  d ue t o  l a r g e r  t h a n  a ve r ag e  g r av i ty 
pr i c e  d i f f e r e n t i a l s e x i s t i n g  o n  May 1 5 ,  1 9 7 3 .  N a t i o n al l y ,  
o n  May  1 5 ,  1 9 7 3 , g r av i ty pr i c e  d i f f e r e n t i a l s f o r  c r ud e  o i l 
ave r ag e d  b e twee n  2 a nd 2 . 5  c en t s  pe r API d eg r e e  pe r b a r r e l , 
wh i l e  i n  Ca l i fo r n i a the g r av i ty p r i c e  d i f f e r en t i a l s a ve r aged  
6 . 2 c e n t s  pe r API d eg r e e  pe r ba r r e l . 
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A c c o r d i n g l y ,  t h e  F EA a m e n d e d  t h e  p r i c e  r u l e s t o  
p e r m i t  t h e  c e i l i n g  p r i c e  f o r  l o we r t i e r  C a l i f o r n i a  a n d  
A l a s k a n c r u d e  o i l t o  b e  i n c r e a s e d  b y  2 c e n t s  p e r  d e g r e e  
p e r b a r r e l  f o r  e a c h  d e g r e e  A P I  g r a v i t y  b e t w e e n  3 4  d e g r e e s  
A P I  g r a v i t y a nd 4 0  d e g r e e s  A P I  g r a v i t y w h i l e  t h e  c r u d e  
o i l  b e i n g o f f e r e d f o r  s a l e i s  b e l o w  4 0  d e g r e e s A P I  g r a v i t y ,  
p l u s  3 c e n t s  f o r  e a c h  d e g r e e A P I  g r a v i t y w h i l e  t h e  c r u d e  
o i l  b e i n g  o f f e r e d  f o r  s a l e i s  b e l o w 3 4  d e g r e e  A P I  g r a v i t y .  
Th o u g h  t h i s  a me n d me n t  i n c r e a s e d t h e c e i l i n g p r i c e s , i t  
a p p e a r s t h a t a c t u a l  s a l e p r i c e s w e r e  n o t a f f e c t e d  s i g n i 
f i c a n t l y  d u e t o  m a r k e t  f o r c e s . 

B o t h  o f  t h e s e  p r i o r i t i e s  h a v e  a l s o b e e n  p a r t o f  t h e 
c o n s i d e r a t i o n s i n  t h e  S t a g e  I I I  i m p l e m e n t a t i o n  o f  E P C A . 
� h u s , t h e  e n v i r o n m e n t a l  i m p a c t s  r e s u l t i n g  f r o m  t h e s e  t w o 
p r i c e  p r o v i s i o n s  w o u l d h a v e  a l s o  b e e n  i n c l u d e d  a s  p a r t  o f  
t h e  E IS f o r  t h e S t a g e  I I I  i m p l e m e n t a t i o n  o f  E P CA . 

On D e c e m b e r  8 ,  1 9 7 7 , t h e  E c o n om i c  Re g u l a t o r y  Ad m i n i s 
t r a t i o n  o f  t h e  D e p a r t me n t  o f  E n e r g y  a d o p t e d  a f i n a l r u l e  
r e d u c i n g  r e f i n e r s ' e n t i t l e me n t  o b l i g a t i o n s f o r l o w - g r a v i t y  
( 2 5 . 9  AP I g r a v i t y o r  b e l o w ) l o w e r  t i e r  c r u d e  o i l  p r o d u c e d  
i n  C a l i f o r n i a  b y  $ 1 . 7 4 p e r  b a r r e l . Th e p u r po s e  o f  t h i s  
r u l e  w a s  t o  p e r m i t  s u c h  C a l i f o r n i a  h e a v y  c r u d e  o i l t o  b e  
s o l d  a t  p r i c e s  mo r e  n e a r l y  a o p r o x i m a t i n g c u r r e n t m a r k e t 
v a r i a t i o n s  o f  g r a v i t y d i f f e r e n t i a l s ,  a n d  t h u s  t o  m a i n t a i n 
p r od u c t i o n  i n c e n t i v e s f o r  s u c h  c r u d e  o i l . 

( 3 )  Re d e f i n i t i o n  o f  P r o pe r t y 

F E A  i s s u e d  c l a r i f i c a t i o n s  n e c e s s r y  t o  r e s o l v e a m b i g u i t y  
i n  t h e  m e a n i n g  o f  a " r i g h t t o  p r o d u c e " wh i c h  h a d  p r e v e n t e d 
t h e  c o m p l e t i o n  o f  m a n y  a u d i t s . A s  p a r t  o f  t h e s e  c l a r i f i 
c a t i o n s , F E A  c o n c l u d e d  t h a t t h e  o r i g i n a l  p r o p e r t y c o n c e p t  
( s e e  S e c t i o n  C ( 2 )  a b o v e ) wh i c h  f o l l o w e d  a " p r e m i s e s  
d e s c r i b e d  b y  a s i ng l e o i l a n d  g a s  l e a s e " c o n c e p t , w i t h o u t 
r e g a r d  t o  t h e  s e p a r a t e  r e s e r v o i r s  w h i c h  m i g h t  u n d e r l i e t h e  
p r e m i s e s , d i d n o t p r o v i d e a p p r o p r i a t e  i n c e n t i v e s  u nd e r  t h e  
l o n g e r  t e r m  s y s t e m  o f  p r i c e  c o n t r o l s m a n d a t e d b y  E P C A . Th i s  
w a s b e c a u s e  i n c r e a s e d  p r od u c t i o n  f r o m o n e  r e s e r vo i r  � i g h t f a i l  
t o  q u a l i f y a s  u ppe r t i e r  c r u d e  o i l  b e c a u s e  o f  t h e  r e q u i r e me n t  
t h a t t o t a l  p r od u c t i o n  f r o m t h e  p r o pe r t y  m u s t e x c e e d  t h e  B P C L  
a n d c um u l a t i v e d e f i c i e n c y  d e t e r � i n e d  f r o m a l l r e s e r v o i r s  w h i c h  
u n d e r l i e  t h e  p r o p e r t y . 
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A c c o r d i n g l y ,  t h e  d e f i n i t i o n  o f  p r op e r t y w a s  a m e n d e d , 
e f f e c t i v e  S e p t e mbe r 1 ,  1 9 7 6 , t o  p e r m i t a p r od u c e r  t o  t r e a t  
a s  a s e pa r a t e p r o pe r ty e a c h  s e pa r a t e  p r od u c i n g r e s e r v o i r  
s u b j e c t t o  t h e  s a m e  r i g h t t o  p r od u c e  c r u d e  o i l  p r o v i d e d  t h e  
r e s e r v o i r  i s  r e c o g n i z e d  a s  s e pa r a t e  a nd d i s t i n c t  b y  t h e 
a p p r o p r i a t e  g o v e r nm e n t a l  r e g u l a t o r y  a u t h o r i t y .  A l t h o u g h  
t h i s  c h a n g e  w a s  n o t  r e qu i r e d i n  o r d e r  t o  i mp l e me n t  t h e  
E P C A  o r  E C PA , i t  h a d  b e e n  u nd e r  c o n s i d e r a t i o n  b y  F E A  f o r  
s o m e  t i me a nd i s  n o t e d  h e r e b e c a u s e  i t  h a s  s ome e f f e c t  o n  
v o l ume s o f  l o w e r  t i e r  a n d  u pp e r t i e r  o i l . Th e e f f e c t o f  
t h e  n e w  j e f i n i t i o n  i s  t o  d e c r e a s e  t h e  d i f f i c u l ty o f  r e l a t i n g 
u pp e r t i e r  p r o d u c t i o n  c h a ng e s  t o  t h e  t o t a l  p r od u c t i o n  f r o m a 
l e a s e . 

( 4 )  A l a s k a N o r t h S l o p e  C r u d e  O i l  P r i c i n g  a n d  E n t i t l e me n t s  
'I' r e  atme-n t . 

I n  p u r s u a n t  t o  S e c t i o n  8 ( g ) o f  t h e  E PAA , w h i c h  h ad b e e n  
a m e n d e d  b y  E P C A  a n d  E C P A , F E A  i s s u e d  t h e  f i n a l  r u l e  o n  t h e  
Al a s k a  N o r t h  S l ope ( ANS ) c r u d e  o i l p r i c i n g a nd e n t i t l em e n t s  
t r e a t me n t  o n  A u g u s t 1 7 ,  1 9 7 7 .  Th e a c t i o n  a m e n d e d  t h e  p r i c e  
a n d  a l l o c a t i o n  r e g u l a t i o n s  o f  F EA t o  a f f o r d  i mp o r t e d  c r ud e  
o i l  e n t i t l e me n t  t o  AN S p r od u c t i o n . M e a n w h i l e ,  t h e  f i r s t  
s a l e  p r i c e  a t  w e l l h e a d  i s  p e r m i t t e d  t o  b e  s o l d  a t  u ppe r t i e r  
c e i l i n g  l e v e l , a s  d e t e r m i n e d  u nd e r  t h e  p r i c e  r e g u l a t i o n s  f o r  
t h e  S t a g e  I I  i mp l e m e n t a t i o n  o f  t h e  E P CA . I n  t h a t  a c t i o n , t h e  
F E A  a l s o d e t e r m i n e d  th a t  t h e  AN S c r u d e  w i l l n o t  b e  e x e m p t e d  
f r o m  t h e s t a t u t o r y  c om po s i t e p r i c e  c o m p u t a t i o n . U n t i l  t h e  
p r i c i n g  p r o g r a m f o r t h e  " n e w l y d i s c o v e r e d  o i l " i n  t h e  p r o p o s e d  
N a t i o n a l  E n e r g y  P l a n i s  d e ve l o pe d  a n d  i mp l e me n t e d , i t  i s  n o t  
l i k e l y  t h a t t h e  A N S  w e l l h e a d  p r i c e  w i l l e x c e e d  t h e  c o m po s i t e 
p r i c e a nd t h e r e f o r e  i n t r o d u c e  i n c e n t i v e  d i s t r u p t i o n  f o r  o t h e r  
d o me s t i c  p r o d u c t i o n s . 
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A .  I ntroduc tion 

CHAPTER I I  

ALTERNATIVE P R I C I NG ACTI ONS 

The Energy Pol icy and Cons ervation Ac t ( EPCA ) requ i r e s  the 
P r e s ident to e s tab l i sh o i l  p r i c i n g  po l i c i e s  tha t  wi l l  limi t pri c e  
i nc r e a s e s  for dome s ti c  oi l t o  a legi s lated maximum rate whi l e  
a l s o  imp l ementing p r i c e  incentives f o r  the deve lopment o f  new 
r e s e rve s and pro duc tion . The e f fe c ts on production of s even 
d i f feren t price contro l options were evaluated for thi s  s tudy . 
Al terna tive ways o f  d ividing the a l l owab l e  price incre ase betwe en 
upper and lowe r pri c e - contro l l ed t i e r s  we re comb i ned wi th incen
t ives a imed a t  i ncrea s i ng the produc tion of terti ary o i l , or 
Ca l i fornia low gravi ty o i l , or oi l from low-produc tion-rate 
o f f shore we l l s . Production forec a s t s  for each o f  the s even c a s e s  
we re prepared f o r  1 9 7 9 , the year tha t  crude oi l pr i c e  contro l s  
are s cheduled to lapse , and for 1 9 8 5 . 

S ome o ther price control options we re con s i dered for analy
s i s . The s e  i n c l ude : 

1 .  Free market p r i c e  for new crude o i l  production in 
f rontier areas . Tran sportation c o s t s  from fronti er 
are a s  wi ll be hi gh . And a l l  new crude oi l produc tion 
receives the upper tier p r i c e . It was conc luded that 
contro l led upper tier we l lhe ad pri c e  for fronti er o i l  
would be c l o s e  to free marke t del ivered price l e s s  
transportation . Any d i f ference wo uld b e  too sma l l  to 
have a s i gn i f i can t e f fe c t  on produc tion in frontier 
areas in 1 9 7 9 . 

2 .  Furthe r revi s i ons i n  the d e f i n i t ions o f  prope r ty , 
we l l  counts , etc . The s e  could b e  uti l i zed to 
i ncrease cash flow to lowe r tier producers . The s e  
options were no t evaluated s i nce the re we re no 
d e f i ni tive p lans in thi s  re gard . 

I n  each c a s e  eva luated , produc tion leve l s  and p r i c e s  we re 
determined s uch tha t  the s ta tutory mid- 1 9 7 9  compo s i te p r i c e  wa s 
achi eved . In a l l  c a s e s , produc tion from s tr ippe r we l l s  wa s 
inc luded in the compo s i te price cal culation as  i f  i t s  p r i c e  were 
upper tier . Thi s  tre atment o f  s tri pper we l l  production di f f e r s  
from tha t embodied in the ECPA amendments to the EPAA o f  1 9 7 3  
which provide for a more comp lex formula for p r i c ing s tripper 
o i l  and for inc lud i ng tha t price i n  the determi nation o f  the 
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actual we i ghted average f i r s t  s a l e  price for c rude o i l .
1 

The 
s imp ler a lternative u s e d  for price determination produc e s  a 
r e s u l t  tha t i s  i n d i s t i ngui s hab l e  from that in the ECPA and con
s i derably s imp l i f i ed the e xamination of the a l te rnative pri c i ng 
po l i c i es . S ince the s ame s ec t i on ( S e c t ion 1 2 1 ) exempts s tr ipper 
produc tion from price regulations , i ts ac tual market price w i l l  
match the f re e  marke t  price ( de l ivered price o f  i mports l e s s  
transportation cos t ) . 

Alaska North S lope produc t i on was inc luded at i ts e s timated 
we i ghted average we l lhead price . Be cause o f  high tran s portation 
c o s t s , we l lhead price in 1 9 7 9  wi l l  be s ub s tanti a l ly b e low the 
a l l owab l e  upper tier price . The e s timated 1 9 7 9  we l lhe ad price 
turns out to be ve ry c lo s e  to the s tatutory compo s i te price . 
Hence , the compo s i te i s  not a f fected by whe the r  North S lope oi l 
i s  inc l uded or not . The s i gni f i cance o f  thi s  fact i s  that No rth 
S lope oi l could have been ignored in the eva luat i on o f  1 9 7 9  
pri c i ng e f f ec ts wi thout changing the produc t i on for ecas t s  at a l l . 

There fol lows de ta i l ed de s c riptions o f  the a l te rnative price 
contro l options that we re eva luate d . Two k i nds o f  pri c e s  are 
used in the c a s e  d e f i n i tions . A " nominal " p ri c e  is  the pri ce 
rece ived a t  the time o f  a tran s a c tion ; i . e . , the price is  denomi 
nated in current do l l ars . A " re a l " p r i ce inc l udes  the e f fe c t  o f  
i n f l a ti on on the va lue o f  money ; i . e . , the p r i c e  i s  denominated 
i n  terms of do l lars of a s pec i f i e d  purchas ing powe r . In th i s  
s tudy , " re a l "  p r i c e s  are s tated i n  terms o f  do l l ars wi th the 
purcha s i ng powe r that prevai led i n  1 9 7 5 . I t  w i l l  be shown later 
that the s t atutory compo s i te p r i c e  for dome s tic crude oi l i n  May 
o f  1 9 7 9  wi l l  be 1 0 . 4 4 nominal do l l ars per barrel whi c h  i s  equi 
valent to 8 . 5 0 real do l l ars  per barre l . 

1Energy Cons e rvation and Produc t i on Ac t ( P L  9 4 - 3 8 5 ) , S e c t i on 
1 2 1 . 
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B .  Base Case 

In thi s  c a s e  the ave rage lowe r ti e r  crude oil price i s  
a s sumed to b e  fixed at the June 1 9 7 6  average nominal price o f  
$ 5 . 1 5  pe r barre l l throughout the 1 9 7 6 - 1 9 7 9  contro l period . The 
c ompos i te price is a l s o  required to remain cons tant at $ 7 . 6 6 per 
barrel throughout the period . 2 Cons equently , the average uppe r  
t i e r  price mus t b e  ad j us te d  to permi t the nominal c ompos i te price 
to remain con s tant . S tripper we l l  production wa s treated a s  
noted abo ve in S e c tion I I . A .  

I n  thi s  c a s e , only Al�skan North S lope c rude i s  priced at 
the upper tier pri c e . Thi s  i s  s o  because the upper tier price i s  
l e s s  than the free mark e t  price l e s s  tran sportati on . 

Thi s  pricing option i s  con s i dered the B a s e  C a s e  becaus e , 
except for s tripper we l l s , i t  provides no new price incentives 
wha tsoever to s timu l ate produc tion or i nve s tment . Indeed , to 
the extent that the rea l  price o f  o i l  dec l ine s as a result o f  
inf lation , thi s  c a s e  actua l ly provides a d i s incentive r e l ative to 
mi d - 1 9 7 6  p r ice l eve l s . Furthe r , due to phy s i c a l  dep letion and 
recently imp lemented change s  in property de finitions , production 
c l a s s i fied as lowe r ti e r  wi l l  decrease during the period . But 
upper tier plus str ipper output is expec ted to increase . Con
s equent ly , the average upper tier nominal price would have to 
decrease during the period to mai ntain a cons tant nominal 
compo s i te price . 

1 va lue rece ived from Comp l i ance S e c tion on Augus t 1 7 , 1 9 7 6 ; 
a l s o  pub l i shed in Oil  Da i ly ( Sep temb e r  2 ,  1 9 7 6 ) : 1 .  

2 s tatutory price for February 1 9 7 6 , contained in the EPCA . 
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C .  S tage I I  Price Ad j us tments 

The intent and background of S tage I I  pric ing po l i cy are 
d i s c u s s ed in detail in S e c tion C . 2 . 2  of Chapter 1 .  Brie f ly , 
the perce ived need to provide price inc entives to both upper 
and lower tier production l ed to a dec i s ion to d i s tribute 
price ad j us tment s equal ly between both tiers . However , it 
i s  po s s ib l e  that al ternative d i s tributions of the price ad
j us tment s  would have l e s s  environmental impact than the equal 
d i s tr ibut ion that was c ho sen . 

There are , o f  cour s e , an infinite number o f  formulae that 
could be d eve loped to d i s tribute the price incentive between 
the tiers . Two of the s e  d i s tributions were eva l uated . The s e  
two were cho s en so as t o  bracket the range o f  po s s ib l e  al ter
native s . At one extreme , al l the incent ive is to be given to 
the upper tier ( by ho lding the nominal lower tier price at i t s  
February , 1 9 7 6 ,  value ) . A t  the o ther extreme , the l ower t i e r  
r e a l  price i s  maintai ned throughout t h e  control period . Thi s 
option would l e ad to a higher lower tier price ( and a lower 
upper t ier pri c e )  than the equal d i s tribution option . 

The ECPA permi t s  the nominal compo s i te c rude o i l  price 
to e s c a l ate at the rate of 10  percent per year compounded 
s t arting f rom the EPCA statutory value o f  $ 7 . 6 6 per barrel 
in February 1 9 7 6 . At the time the EPCA exoires on May 3 1 , 
1 9 7 9 , the a l l owab le n�minal compo s i te price wi l l  have incre as ed 
to $ 1 0 . 4 4 per barre l . 

I n  thi s and a l l  subs equen t c a s e s , Al a s k an No rth S lope 
o i l  is given an average nominal we l lhead price o f  $ 1 0 . 5 0 in 
1 9 7 9 . Thi s  price wa s deve loped from a basic  a s sumption that 
North S lope o i l  mus t  be price compe ti tive or no one wi l l  buy 
it . Because transportation cost for thi s o i l  wi l l  be so high , 
the compet i tive wel lhead pric e i s  wel l  below the upper tier 
price to whi ch it o therwi s e  would presumably be entitled . 
The c ompetit ive wel lhead price wa s determi ned by a s s uming 
that the free market price for imported c rude o i l  wi l l  inc rease 

1 $ 7 . 6 6  x ( 1 . 1 )
3

·
2 5  = $ 1 0 . 4 4 per barrel . The corres pondi ng 

" real " price is $ 8 . 5 0 per barre l .  Thi s value is based on GNP 
d e f l ater foreca s ts given in Data Re s ource s ,  I nc . , " Review for 
F EA , " Augus t 1 9 7 6 . The infl ation rate s are : 1 9 7 6  -- 5 . 1  
p ercent ; 1 9 7 7  - - 5 . 4  percent ; 1 9 7 8  - - 5 . 6  percent ; and 1 9 7 9  --
5 .  0 percent . Co nsequently , the rea l pri c e  i n  1 9 7 9  correspondi ng 
to a nominal price o f  $ 1 0 . 4 4 i s  

$ 1 0 . 4 4 
( 1 . 0 5 1  x 1 . 0 5 4  x 1 . 0 5 6  x 1 . 0 5 0 ) 

= 
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at exactly the s ame rate a s  GNP p r i ce s , and th at Alyeska P i pe line 
tar i f f  p lus ocean transportation wi l l  average $ 5 . 4 5 . 2 Needle s s  
to s ay , Nor th S lope p r i c e  wi l l  b e  h i ghly dependent on i t s  ulti
mate de s t ination which i s  s t i l l  very much i n  doubt . A fo rtuitous 
r e s u l t  o f  the a s s umptions made here is that the No rth S l ope 1 9 7 9  
average nominal price o f  $ 1 0 . 5 0 i s  s o  c l o s e  to the s tatutory mi d-
1 9 7 9  compo s i te pri ce of $ 1 0 . 4 4 that produc t i on e s tima te s i n  every 
c a s e  would be the s ame whe the r No rth S l op e  crude i s  included in 
the compo s i te computation or no t .  

S tr i pper we l l  produc tion i s  treated as no ted in the in tro 
duc tory s e c tion ( I I . A ) . 

C a s e  I IA - - Equal Pe rcent to Bo th Tiers 

In thi s  case , average lowe r t i e r  and upper tier 
nomi nal p r i c e s are a l l owed to i ncrease by equal annual 
perc entage s .  Th i s  i s  the pol i cy option that was adopted 
on Apri l 8 ,  1 9 7 6 . 3 As men t i oned p revi ous ly , the frac tion 
of upper ti e r  oil in the compos ite wi l l  increase s teadi ly 
throughout the period as lowe r tier produc tion dep l e te s . 
Con sequen t ly , i f  p r i c e s  we re he ld cons tan t for both 
tie rs , the compo s i te price would r i s e . Hence , average 
nomi nal price s for bo th tiers in thi s  c a s e  wi l l  increase 
at rate s slower than the 1 0  percent per year permi tted 
for the compo s i te . 

C a s e  I I B  -- Con s tar. t  Lowe r T i e r  Re a l  P r i c e  

I n  thi s  ca s e , the average lowe r t i e r  nominal price 
i s  incre a s i ng by the rate o f  i n f l a tion s o  that the 
ave rage lowe r ti er real p r i c e  is h e l d  cons tant . The 
ave rage upper ti er nomi nal p r i c e , then , is determined 
by the nec e s s i ty to achi eve a 10  percent per year i n 
crease in the compos i te nominal p r i c e . 

� 
� Free market price in 1 9 7 5  was $ 1 3 . 0 0 .  1 3 . 0 0 x 1 . 2 2 8  = 

1 5 . 9 6  nomi nal in 1 9 7 9 . Alye ska tari f f  i n  1 9 7 9 wi l l  be $ 3 . l  per 
barre l . I t  was a s s umed th at one mi l l i o n  ba rre l s  p e r  day ( 7 1  
percent ) o f  the o i l  would be tr anspo rted to Ca l i forni a a t  a cos t 
o f  $ 1 . 5  per barre l , and the balance ( 2 9  perce n t )  to the Gul f  
Co a s t  at a c o s t  of $ 4 . 5  p e r  barre l .  1 5 . 9 6  - 5 . 4 5 = 1 0 . 5 0 .  

Tar i f f  for e c a s t s  pub l i shed s ubs equen t to thi s  work are 
sharply di f ferent from tho se used here . S e e , for e xamp l e , 
I�ew York Times , S ep temb e r  2 1 , 1 9 7 6 , page 1 ,  o r  O i l  and Ga s 
Journa l , Oc tobe r 4 ,  1 9 7 6 , page 6 9 .  But the comb i ned tota l tran s 
portation co s t  e s timate i s  quite c l o s e  t o  the s e  later foreca s t s . 

3 
Chapter I ,  S e c t i on C . 2 . 2 .  
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4 

5 

Ca s e  I IC - - Cons tant Lower T i e r  Nomi11al Pri ce 

I n  thi s  c a s e , the ave rage lower ti e r  price is  
held cons tant throughout the control peri od at a 
nominal value o f  $ 5 . 1 5  per barre l , the actua l l eve l 
experienc ed in June , 1 9 7 6 . The real p r i ce , con s e 
quently ,

5
dec l i ne s  f rom $ 4 . 9 0 4 p e r  barre l in mi d- 1 9 7 6  

to $ 4 . 1 9 per barre l in mi d- 1 9 7 9 . Th i s  price i s  the 
s ame that would be receive d  by ave rage lowe r ti e r  o i l  
i n  the Ba s e  Case . As would be expec ted , thi s option 
give s the h i ghe s t  upper t i e r  price . 

5 . 1 5 
1 . 0 5 1  

= 4 . 9 0 

5 . 1 5 = 4 . 1 9 
1 . 2 2 8 
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D .  S tage I I I  P r i c e  I ncentive s 

The i n te n t  and backg round under l ying propo sed S tage I I I  
pric ing po l i c i e s  are d i s c u s s e d  i n  de ta i l  in S e c t ions C . 2 . 3  and 
C . 2 . 4  of Chapter I .  The autho r i ty for S tage I I I  pric ing a l ter
natives derive s from both EPCA and ECPA . S tage I I I  incen tive s 
are de s igned to di scriminate among c l a s s e s  o f  crude o i l  in f avor 
o f  high c o s t  c l a s s e s  such as frontier areas , tertiary recovery , 
s tr ippe r we l l s  and low gravity crude oi l s . The ECPA spec i f i 
c a l ly addr e s sed the la tter thr ee c l a s s e s  b y  s ta tu to r i l y  ex
empting s tripper we l l  o i l  from f i r s t  sale price regulations , 
and by author i z ing the P re s ident to provide addi tional price 
incen tive s for tertiary produc tion and to ad j u s t  g ravi ty d i f 
f erentia l s . 

Four po s s ib l e  S tage I I I  options we re eva luated - - two 
a l terna tive s de s igned to provide spe c ia l  incentive s to ter
t i ary produc t ion , one to favor low grav i ty C a l i forni a c rude 
o i l s , and one to favor o f f shore and deep onshore low-produc
tion-r a te we l l s .  A s  wa s d i s c u s sed a t  the beg inning o f  thi s  
chapte r , we l lhe ad price s i n  frontier areas are e xpec ted to b e  
about the s ame whe the r de termi ned b y  upper tier p r i c e  regula
tions or by compe t i t ion with imported crude o i l . S o  the re 
is no pricing p o l i c y  tha t could be o f  s ig n i f i cant a s s i s tance 
to such o i l . 

The o ther ' ' S tage I I I tt price co ntro l options were a s s umed 
to be in e f f ec t  in a l l  c a s e s , inc luding the B a s e  C a s e  and 
S tage II C a s e s . F i r s t ,  in ac cordanc e with the ECPA , s tripper 
we l l  produc tion wa s consi dered to be exemp t from price regula
tion , i . e . , it receiv e s  the free marke t  p r i c e . S e cond , s tripper , 
property redefini tion and BPCL ad j u s tment regulations wer e  
a s s umed t o  have the e f fect of rec l a s s i f ying lower t i e r  produc
tion at a rate of about 5 percent per year . Con sequen t l y , 
the c urrent l ower tier produc tion c la s s  wi l l  di s appear a t  a 
rate of ab�ut 1 0  percent per year - - 5 perc ent due to p hy s i c a l  
dep le tion , and an add i ti ona l 5 percent due t o  rec l a s s i f ica tion 
to s tr ipper or upper tier . This  sub j e c t  is deve loped further 
i n  Appendix G .  

There are 1 2  S tage I I I  c a se s .  Each o f  the four inc en tive 
options was evaluated in con j unc tion wi th e ac h  of the three 
S tage I I  pri c ing op tions , g iving r i s e  to ( 4  x 3 = ) 1 2  S tage 
I I I  c a s e s . 

1 oata I nput to P ro j e c t  I ndepe ndence Eva lua t ion S y s tem 
Run OBAU 1 2 1 2 , November 1 5 , 1 9 7 5 .  
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C a s e  I I IA - - Terti ary Produc t i on ut Free Marke t P r i c e  

I n  th i s  option a l l  produc tion attributab l e  t o  bona 
f ide te rti ary pro j e c t s  could be s o ld at the f re e  ma rke t 
p r ice . 2 To maintain the compos ite p r i c e  at the s tatu
tory leve l , the p r i ce of oth e r  c l a s s e s  o f  p roduc tion 
mus t  be reduced by a compensating amoun t .  I f  th i s  
option i s  comb ined wi th S tage I IA p r i c i n g  ( e qual p r i c e  
ad j us tmen ts t o  both t i e rs ) , both upp e r  and lower tier 
ave rage prices wi l l  be lowe r than the y  would be i n  the 
absence of op tion I I IA .  I f  option I I IA i s  comb i ned 
with I IB or I I C p r i c ing the uppe r  ti e r  mus t  furn i sh the 
entire compens atory price de creas e . 

C a s e  I I IB - - To tal Te rti ary Pro j e c t  Produc tion at Free 
Marke t P r i c e  

I n  thi s  o p t i o n  a l l  product i on at te rti ary pro j e c ts , 
i nc lud ing primary and s e condary production as we l l  a s  
terti ary , could rece i ve the free market p r i c e . A 
gre ate r vo lume o f  o i l  could rece i ve the free market 
p r i ce in th i s  op tion than in op tion I I IA .  S o  a comme n
surate ly greater price impac t on non-advantaged c l a s s e s  
would have to take p l ace . Moreove r , the " bonus " p r imary 
and secondary production i s  e s s en ti a l l y  a l l  lowe r t i e r  
o i l . So the e f fec t o f  upg rad ing i t  to f r e e  market 
p r i c e  i s  two-edged , i . e . , h i gh-p r i ce d  barre l s  are added 
to the compos i te calcula tion wh i l e  low-p r iced barre l s  
are taken away . 

2
As shown b e l ow in F igures I I I- 2  and I I I - 3 , the r e s pon s e  

o f  terti ary p roduc tion to price i s  rel ative ly le s s  e la s t i c  
a t  h i gh pri ce s  than at lower price s . Be c ause o f  th i s , the 
increase in ter ti ary produc tion be tween free market p r i c e s  
and upper t i e r  p r i c e s  i s  sub s tanti a l ly l e s s  th an i t  i s  
be tween lowe r ti e r  price s and upp e r  tier p r i ce s . I n  v iew o f  
th i s , and because i t  i s  no t pre s e n t ly pos s ib l e  to quan ti fy 
p rec i s e ly the produc tion response di f fe rence be tween uppe r 
tier and marke t pr i ce s , the quan ti tati ve envi ronmental 
e f fe c ts o f  pe rmi tting upper t i e r  p r i ce s may approp ri ate ly be 
con s ide red to be with in the s ame range as for free marke t 
p r i ce s . In any even t , quanti f i cat ion o f  envi ronmental 
e f fe c ts at free market prices s tate s  the upp e r  l imi ts for 
e f fe c t s  a t  the ( lowe r )  uppe r  tier p r i c e s . 
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Case  I I I C - - Rede f i ne S trippers 

I n  thi s  option the de f i n i t i on o f  s trippe r we l l s i s  
b roadened f rom the current requi rement o f  maximum 1 0  
barre l s  per day ave rage annua l production to i n c l ude 
( 1 )  o f f shore p roduction from we l l s  in more than 2 0  fe e t  o f  

water wi th annual ave rage production l e s s  than 4 0  b a rre l s  
per day and ( 2 )  production from onshore we l l s  dee per than 
6 , 0 0 0  f e e t  wi th annua l ave rage produc tion le s s  than 2 0  
barre l s  per day . 

Produc tion i n  the s e  c l a s s e s  i s  almo s t  a l l  lowe r ti e r . 
Here , again , the option would remove low-priced produc tion 
f rom the compos i te ca lculation and add h i gh-pr i ced . The 
average price s o f  non - advantaged c l a s s e s  wo uld have to b e  
reduced t o  compe n s ate . 

Cas e I I I D - - Reduced Ca l i forn i a  Gravi ty Di f f e rential  

The current lowe r t i e r  pri cing s chedule i n  Cal i fornia 
contains a price /gravi ty re l at i onship o f  6 cents per degree 
AP I .  Excep t for Ca l i forn i a  and Alaska , the re lationship 
throughout the Uni ted S tates is  a lmo s t  unive r s a l l y 2 or 2 . 5  
cents per degree AP I . The e f fe c t  o f  the 6 cent s c ale i s  
to cre ate much lowe r price s for low gravi ty C a l i forni a 
crude oi l s  than for o ther low gravi ty crude o i l s . I n  th i s  
option , the price/gravi ty re l a tionship would b e  chan g e d  to 
3 cents per degree AP I ,  thu s  rai s i ng con tro l led p r i c e s  for 
low gravi ty Ca l i forni a crude o i l s . 

Thi s  option has only a s l ight e f fe c t  on the compos i te 
because  the p r i c e s  o f  the a f f e c ted oi l s  wi l l  be rai s ed 
by on ly a re l ative ly sma l l  amoun t .  Even a f t e r  ad j us tment , 
the average p r i c e  o f  th i s  c l a s s  wi l l  be b e low the ave rage 
lower tier p r i c e . 

As ha s been di s cu s s e d , the s ta tutory compo s i te p r i c e  mu s t  
remain a t  $ 1 0 . 4 4 p e r  barre l even when a n  i ncen tive p r i c e  i s  
granted to a speci al c l a s s . Because o f  thi s fact , mo s t  o f  the 
extra revenue given to a s p e c i a l  c l a s s , when it i s  permi tted to 
rece ive free ma rk e t  or upp er t i e r  price i n s tead of lowe r t i e r  
p r i c e , mus t be tak en away from c l a s s e s  n o t  r e c e i v i n g  a n  incen
tive . ( S ince some o f  the spec i a l c l as s e s  are c a l cula ted i n  the 
compo s i te a t  upp er t i e r  price rather t h a n  ac cua l  p r i ce , o n ly 
about three- fourths 3 o f  the i ncre a s ed r evenu e s  r e c e i ved by thes e 

3 Upper t i e r  p r i c e  - lowe r t i e r  p r i c e  
Fre e ma rke t p r i c e  - lowe r mark e t  p r i c e  
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spec ial c l a s s e s i s  " take n " 4 from other c l a s s e s  - - the balance 
wi l l  be furni s he d  by con sumers o f  oi l p roduc ts . )  Because p r i ce 
reduc t i ons may lead to produc tion reduc tion , i n  some cas e s  the 
spe c i a l  c l a s s  incenti ve s may be coun terproduc tive , tha t  i s , more 
p roduc tion is lo s t  in non- incen tive c l a s s e s  than is g a i ned i n  the 
s p e c i a l  incen tive c l a s s e s . In such case s imports wi l l  r i s e . 

Whe n  the grav i ty di f fe renti al i n  Cal i forn i a  i s  de c reased 
( Case I I I D ) , the addi ti onal revenue re c e i ved py Cal i fornia 

p roduce r s  is  a l l  furn i shed by countri e s  that export c rude oi l to 
the Un i ted S tate s . Thi s i s  a r e s u l t  o f  the a r i thme t i c  o f  the 
compos i te . Whe n  the gravi ty di f fe re n t i a l  i s  reduced , the p r i ce 
o f  the n- curren t Cal i forn i a  low gr avi ty p roduc t i on i n c re as e s , 
whi ch incre a s e s  the U . S .  lowe r t i e r  ave rage p r i c e . But , a l so , 
addi tional produc t i on i s  brought forth at p r i c e s  be low the lower 
tie r averag e , whi c h  reduc e s  the average . The n e t  e f fe c t  on the 
compo s i te p r i ce of the s e  oppo s i n g  trends i s  ni l .  So the e f fe c t  
o n  o ther U . S .  produc t i on i s  a l s o  n i l .  Thus , the ove r a l l  r e s u l t  
o f  reduc i n g  the Ca l i forn i a  gravi ty pri ce di f ferenti al i s  a s ub 
s t i tution o f  lowe r t i e r  U . S .  o i l  f o r  impo r t s . ( I t mus t  b e  no ted 
that thi s  d i s cus s ion as sume s that Ca l i forn i a  he avy c rude o i l  wi J. l  
b e  purchased by re f i n e r s  at the new hi gher p r i ce s . Due to the 
e n ti t l emen t s  s y s tem , thi s a s s ump tion may not be warran ted for a l l  
he avy crude oi l s . ) 

4. 
- Th i s  doe s not nec e s s ar i l y  imp l y  actual p r i c e  reduc t ions , 

e i ther nomi n a l  or real , for any non-advan taged c l a s s . However , 
a t  a mi nimum i t  me ans tha t  the se c l a s s e s  canno t rec e i ve the s ame 
p o s i ti ve incentive s  through s cheduled p r i c e  i nc r e a s e s  that they 
mi gh t o the rwi s e  r e c e i ve under exi s ting authori ty . Of c o urs e , 
actual p r i c e  reduc tions  are a po s s ib le consequence . 
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A .  Introduc tion 

CHAPTER I I I  

METHODOLOGY 

Two parame ters de termi ne the respo n s e  of o i l  produc tion to 
S t ag e s  I I  a nd I I I  pric ing pol i c i e s  -- future p r i c e  expectation s ,  
and cos t/vo lume r e l a t ionships  r e f l e c t ing under lying geo logi c a l  
a n d  e ng ineer i ng f a c tor s . ( Future i ncome t a x  r a t e s  and expendi ture 
wr i te o f f  regul ations are a l s o  important , but were not cons idered 
in thi s analy s i s . That i s ,  tax rates and regulations were imp l ic 
i tly a s sumed to cont inue a t  current leve l s . )  

There are no h i s torica l data about the medium-term or long
term r e s pons e s  of produc tion to price at price leve l s  i n  the 
range o f  current and propo sed uppe r t ier price s . Such p r i c e s  
were never e xper i enced before 1 9 7 4 . 1 O f  cours e ,  thi s s ub j ect has 
rece ived intense s t udy s ince the 1 9 7 3  embargo . A great deal of 
work has been done by , or for , the F ederal Energy Admi n i s tration . 
Re cent FEA s tudi e s  i ncorpora ting the P I ES mode l  were u s e d  a s  a bas i s  
for t h e  pric e/produc t ion re lation shi p s  u s e d  i n  thi s  envi ronmental 
impact analys i s  of p r i c e  regulation s . 

Pr i c e  i s  a d i f f ic u l t  sub j ect to ana l y z e  in this  s tudy . The 
d i f f ic u l ty is created be caus e a l l  crude o i l  price contro l s  are 
s tatuto r i ly s cheduled to end on May 3 1 ,  1 9 7 9 . Therea f te r , a l l  
dome s tic c rude o i l  wi l l  l i ke ly b e  s o l d  i n  par i ty with the price 
rece ived by de l ivered impo rted crude oil  ( in c luding any tar i f f ) ,  
l e s s  the c o s t  o f  transpo r tation needed to move the dome s t i c  o i l  
from the wel lhead t o  a r e f inery . 

The 2 . 5 -year p e r iod from now un t i l  p r i c e  contro l s  end i s  
n o t  very s i gn i f i cant to the eva l ua tion o f  the economic attract ive
ne s s  of a new o i l f i e l d  inve s tmen t . Two examp l e s  w i l l  be developed 
to i l luminate the prob l em .  The data used i n  both examp l e s  were 
c ho s en to depic t typ ical pro j ec t s . 

The f i r s t  examp l e  i s  the development o f  a n ew o i l  f i e l d  or 
r e s ervo i r . ( Because of l ead time cons idera tion s , explorat ion 
dec i s ions taken today cannot pos s ib l y  have any meas urab le e f f ec t  

1
s tated in 1 9 7 5  do l l ar s , the h i gh e s t  annual average U . S .  p r i c e  

experienced in 1 9 4 7 / 1 9 7 3  w a s  $ 5 . 8 0  p e r  barr el in 1 9 5 7 . The 1 9 7 3  
price wa s $ 5 . 1 0  ( Ame r i c an P e trol eum I n s t i tute , B a s ic P etro l eum 
Data Book , S e c t i o n  IV , Tab le 1 ) . 
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on 1 9 7 9  produc tion . )  I t  i s  a s sumed tha t the f i e l d  wi l l  deplete 2 
at a rate o f  8 percent per year for 2 0  yea rs and then be abandoned . 
Free marke t price i s  a s sumed to be $ 1 2 . 5 0 per barre l ( $ 1 3  del iv
ered l e s s  $ 0 . 5 0 tran s por tation cos t ) . Upper tier price i s  a s sumed 
to be $ 7 . 2 5 per barrel , the average obs erved for the B a s e  C a s e . 
A discount rate o f  8 percent per year wa s uti l i z ed . The va lue i s  
appropr i ate for e s timating the long-run c o s t  o f  equi ty cap i tal i n  
t h e  Un i ted S tates . 3 

Thi s  pro j ec t  wa s eva lua ted for two price s chedu les - - $ 1 2 . 5 0 
per barrel for 2 0  year s , o r  $ 7 . 2 5 for the f i r s t  2 years p lus 
$ 1 2 . 5 0 for the rema i ning 18 year s . The d i s coun ted we ighted 
average pr i c e  rec e ived by the pro j e c t  from the f i r s t  price s ched
u l e  i s , o f  cour s e , $ 1 2 . 5 0 per barre l ; for the second s chedule i t  
i s  $ 1 1 . 0 0 per barre l . 4 Thi s i s  a sma l l  d i f ferenc e . Mo reover , 
w i th one minor excep tion , the hi ghe s t  price on the upper tier 
s upply curve s deve loped later i n  th i s  chapter ( F i gure I I I - 2 ) is  
be low $ 1 1 . 0 0 per barre l . C l early , a 2 -year period o f  price 
control regulations wou ld have a negl igible impact on i nvestment 
in new f i e l d  development pro j ects . 

The s econd examp l e  o f  the e f fect of a shor t period o f  p r i c e  
regulat ion i s  a s hort- l ived terti ary pro j ec t . I t  i s  as sumed that 
thi s  pro j e c t  will produce at a cons tant rate for 6 years and then 
be abandoned . s As be fore , f r e e  mark e t  price is a s sumed to be 
$ 1 2 . 5 0 per barre l , and , a s  above , a d i s count rate o f  8 percent 
was uti l i zed . In thi s examp l e , however , the produc t i o n  i s  a s s umed 
to be lower t i e r  w i th a we l lhead price of $ 4 . 2 0 per barrel , the 
mid- 1 9 7 9  p r i c e  for S tage I I C  ( cons tant lower t i er nominal pric e ) . 

Thi s  pro j ect was evaluated for two price s chedules  - -
$ 1 2 . S O  per barrel for 6 year s , or $ 4 . 2 0 fo r 2 years plus $ 1 2 . 5 0 
for the rema i n ing 4 year s . The d i s coun ted we ighted average price 
rec e ived by the pro j ec t  from the f i r s t  p r i c e  s c he dule i s ,  of  
cour s e , $ 1 2 . 5 0 per barre l ; for the second s chedule it  i s  $ 9 . 3 0 
per barre l . 6 Looking ahe ad to F igure I I I - 3 , i t  can be s ee n  that 

2
Th i s  unrea l i s tic a s sumption lead s to an over statement of 

the d i f ferenc e between the two price schedul e s , so do e s  not 
i nva l idate the conclus ion . I n  prac t i c e , s econdary recovery 
operations would be s tarted be fore abandonmen t .  

3 Fortune ( Decembe r  1 9 7 4 ) : 1 0 0 .  
4 ca lcul ations are shown in Appendix H .  

5
A b e l l - s haped h i s tory of produc tion rates i s  mo re typ i cal 

o f  many ter t i ary pro j ec t s . Such a h i s to ry would reduce the 
d i f f erence b e twe en the p r i c e  s ched� l e s  eva l u a t ed here . 

6calcula tions are s hown i n  Append i x  H .  
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the output di fference in 1 9 7 9  b e tween the s e  two p r i c e s  i s  sma l l  
roughly 1 5  percent . B u t  the we i ghted average pr ice o f  pro j e c t s  
under p r i c e  contro l increases  s te ad i ly toward $ 1 2 . 5 0 p e r  b arre l 
a s  s tartup dates g e t  nearer and nearer to the decontro l  date . S o  
t h e  average e f fe c t  o f  the s e co nd p r i c e  s chedu l e  dur i ng the 
rema in i ng 2 . 5  year s of price contro l is l e s s than 10 percent of 
lower t i e r  t ertiary p roduc tion , o r  0 . 3  perc ent o f  to tal dome s t i c  
produc t ion . Cons equent ly , i n  th i s  examp l e  too , a 2 -year period 
o f  price contro l s  wou l d  have a n eg l i g ib l e  e f fect on tot a l  1 9 7 9  
U . S .  crude o i l  produ c t ion . 

I n  th i s  s tudy , production for e c a s t s  are used as i nput to 
envi ronmental impact e s t imate s . I t  i s  important not to under
e s t ima te the e nvi ronmental e f fects  o f  a l ternat ive p r i c i ng po l i 
c i e s . Consequent ly , a s e t  o f  perce ived p r i c e s  was a s sumed that 
wou l d  be sure to lead to production e s t ima t e s  that wou ld brac k e t  
t h e  ( unknowab l e ) ac tua l produc tion rates , whatever they are . The 
s e t  of bracke t i ng prices  was cho s e n  to magn i fy the production 
d i f ference s be twee n  the Base  C a s e  and the price i nc e n tive c a s e s , 
and among the s everal price incentive c a s e s . The brac k e t i ng s e t  
i s  the May 1 9 7 9  p r i c e s  that wou l d  b e  ach ieved under p r i c e  contro l 
regulations ( i nc luding B a s e  C a s e  contro l s } .  That i s , the 1 9 7 9  
produc tion forec a s t  i n  each c a s e  was der ived from an a s sumpt ion 
that the e f fec tive price used to eva l uate the economics o f  a l l  
produc tion p ro j e c t s  wou ld b e  the ave rag e May 1 9 7 9  r e a l  p r i c e  
permitted b y  F E A  regu l ations for t h a t  c la s s  o f  produc t ion . 
For examp l e , i n  S e c t ion C o f  Chapter I I , i t  i s  s hown that the 
average p r i c e  permi t ted in May 1 9 7 9  for lower t ier p roduc t ion i n  
C a s e  I IB ( cons tant lower t i e r  r e a l  pr ice } i s  4 . 9 0 r e a l  do l l ars 
per barre l . So the quant i ty o f  product i o n  i n  1 9 7 9  for e ach c l a s s  
o f  lower t i e r  crude o i l  i s  the intercept o f  a $ 4 . 9 0 p e r  b arrel 
r e a l  price with the 1 9 7 9  long-run s upply curve for that c l a s s . 

The true e f fe ct s  o f  S tage I I  and I I I  p r i c i ng a l ternatives 
c annot be determi ned for 1 9 7 9  be cau s e  i nve s tors are uncertain 
about the leve l of crude o i l  prices a f ter May 1 9 7 9 .  Thi s  is for 
the reason that po t e n t i a l  i nvestors have rece ived reports , opin
ions , and s tatement s  which may indicate to them that price contro l s  
may n o t  ac tua l ly exp i r e  i n  1 9 7 9 , or because they may harbor that 
o p i n ion for othe r reasons . Becau s e  of such i nforma t ion i nput s , 
the crude o i l  inve s to r  i s  far from cert a i n  about the p r i c e  which 
he w i l l  receive for h i s  o i l  after mid - 1 9 7 9 . He is forced to 
gue s s . In mo re formal terms , he wi l l  dec ide to inv e s t  o r  not on 
the ba s i s  o f  his perception o f  the we ighted average price for h i s  
pro j e c t . The proper ana ly s i s  to per form for th i s  s tudy , there
fore , wou ld be b a s e d  on the impac t of S tage I I  and I I I  p o l i c i e s  
on " perc e i ved p r ic e s . "  But no one knows what the d i s tr ibution o f  
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perce ived p r i c e s  i s , much l e s s  how they mi ght be quan t i tatively 
a f fected by pric i ng po l ic ie s . 7 

Ther e fore , an approach wa s adopted , i . e . , the brack e ti ng 
a pproach de scribed above , to i n s ure tha t  environmenta l e f f ects o f  
the a lternatives would not be unders ta ted . 

Al though the approach j us t  d e s c r ibed i s  use ful and appro
priate for brack e ti ng 1 9 7 9  produc tion e f f e c t s , i t  i s  no t use ful 
for 1 9 8 5 . A b a s ic a s s umpt ion underlying the 1 9 8 5  eva luation i s  
t h a t  c rude o i l  p r i c e  contro l s  wi l l  ac tua l ly exp ire on May 3 1 , 
1 9 7 9 . On that day the uncertainty about future c rude o i l  p r i c e  
contro l s  wi l l  p r e s umab ly end . Dur ing the ensuing 5 . 5  year s 
( through 1 9 8 4 ) inve s to r s  wi l l  deve lop not only tho s e  pro j ects 

that are eco nomic a l l y  attract ive a t  free market ( impo r t ) pric e s , 
but a l s o  p ro j ects  that would have been a ttrac t ive at lower p r i c e s  
b u t  were not under taken b e c a u s e  p r i c e  perceptions were pe s s imi s t i c . 
I n  other word s , i t  i s  exp e c ted that a l l  o f  the o i l  p roduc ing 
i nve s tments tha t  would have been undertaken be fore mid- 1 9 7 9  i f  
p r i c e s  h ad been correc tly perceived w i l l  b e  undertaken b e fo rg 
1 9 8 5 ; that i s , there wi l l  be a ca tch-up o f  de layed pro j ects . 

The forego i ng d i s cu s s ion leads to the a s s ump tion tha t 
dome s t i c  c rude o i l  production in 1 9 8 5  wi l l  be e s s e nt i a l ly the 
s ame regard l e s s  of which p r i c i ng a l terna tives are imp l emented 
dur i ng the period p r ec ed i ng May 1 9 7 9 . 9 I nter-case d i f ferenc e s  
in 1 9 8 5  wi l l  be mi nor . 

7
c l early , p erc e i ved p r i c e s  wi l l  be h i ghe r i f  contro l l ed 

p r i c e s  are a l lowed to increase duri ng 1 9 7 6 /1 9 7 9  than if they are 
held co ns tant . 

8
To some extent th i s  a s sump tion wi l l  no t be rea l i z ed ,  a s  

where s tart-up cos ts for abandoned we l l s  are proh i b i tively high 
even at mark e t  p r i c e s  for the c rude o i l  to be der i ved f rom the 
pro j ec t . However ,  the extent of thi s e f fe c t  c anno t be accurate ly 
quanti f i e d  a t  th i s  t ime . 

9
I t  should be recogn i z ed that produc tion b e tween 1 9 7 9  and 

1 9 8 5  w i l l  no t nece s s a r i ly be the s ame regardles s o f  p r i c i ng 
a l ternatives adopted prior to 1 9 7 9 , both becau s e  o f  lead - t imes 
invo lved in " ca tch-up " pro j ects  and becau s e  some previou s l y  
abandoned prope r t i e s  may n o t  be r eworked a s  exp la ined in the 
preceding footno te . However ,  the d i f f e rence i n  annua l production 
wi l l  dec r e a s e  as the t ime e l apsed f rom the c e s s a t ion o f  contro l 
increase s . 
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B .  Data B a s e  

D i s cu s s ions hereaf ter wi l l  f requently ref er t o  O i l  o r  
Pe tro leum Supply Re gions . The geograph i c a l  bounds of the s everal 
r e g i ons are s hown i n  F i gure I I I - 1 . 

P r i n c i p a l  data sourc es u s ed i n  thi s  work are a s  fo l lows : 

1 . P r i c e/vo l ume relation s h i p s  for p r imary and secondary 
production were taken from Pro j e c t  Independence Eva lua
tion Sy s tem ( P I ES ) computer run # O BAU 1 2 1 2  o f  Novembe r  
1 5 , 1 9 7 5 . T h e  s pe c i f i c  outputs ut i l i zed w e r e  e n t i t l ed 
" V i ntaged Produc tion from Region XX . "  A s e t  of the s e  
tab l e s  fo r O i l  S upply Reg ion 8 - 9 - 1 0  appears i n  Appe nd i x  
F .  T h e  tab l e s  enti tled " Type I D  1 a n d  2 "  w e r e  u s ed to 
cons truct supply curve s for production from po s t- 1 9 7 5  
we l l s . Thi s  o i l  wi l l  a l l  be upper t i e r . Tab l e s  ID 4 
and 5 were reviewed for supp ly p r i c e s  for pre- 1 9 7 6  
we l l s . Much o f  thi s  o i l  i s  lower t i e r , bu t s ome i s  
uppe r  t i e r . 

2 .  P r i c e/vo l ume relationships  for terti ary produc tion i n  
the three pr edominant s ta t e s  - - C a l i f o rn i a , Texas and 
Lo u i s iana - - we re deve loped f rom " The Poten t i a l  and 
Econom i c s  of Enhanc ed O i l  Recove ry , " l a s tudy per
fo rmed fo r the Federal Energy Admi n i s tration . 

3 .  For t e r t i ary produc tion i n  reg ions othe r than the three 
p r i n c i p a l  ones , P I E S  was uti l i zed . Tab l e s  ID 3 and 6 
o f  the " Vintaged P roduc tion . . .  " s e r i e s  s how the p r i ce/ 
vo lume re l a t i o n s h ip fo r the s e  o ther regions . I n  1 9 8 5 ,  
t e r t i ary produ c t ion outs ide the three ma j or s tates  i s  
s hown the r e  to total 0 . 1 1 mi l l ion barre l s  per day . 
T e r t i ary produc tion i n  1 9 7 9  i n  the s e  othe r regions was 
e s timated to be n i l  on the bas i s  o f  P I ES and the O i l  
and Ga s Journal s urvey . 

4 .  Data used to eva l uate the e f f e c t  o f  r ede f i n i ng low
p roduc tion-rate o f f  shore we l l s  f rom lower t i e r  to 
s tr ipper c a tegory we re take n from a we l l -by-we l l  
s urvey b y  the U . S .  Geo lo g i c a l  S urvey o f  produ c t i o n  o f  
a l l  we l l s  i n  the Gu l f  o f  Mexi c o . 2 Sununa r i e s  o f  data 

1
Lewin and A s s o c iate s , Inc . FEA Contra c t  C0- 0 3 - 5 0 2 2 2 - 0 0 0 , 

Ap r i l  1 9 7 6 . 

2
J . B .  Lowenhaupt , Approve d Max imum E f f i c i ent Rates for 

Re s e rvo i r s  and Ma xi mum Produc t i on Ra tes for We l l  Comp l e ti ons , 
U . S .  Dep a r tment o f  I nter i or , Geo log i c a l  S urvey , Conserva tion 
Divi s ion , Gu l f  of Me x i co Area - OCS , Ap r i l  1 ,  1 9 7 6 . 
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from t h i s  report wer e  u t i l i z ed in th i s  ana ly s i s . The 
analy s i s  o f  rede f ining to s tr ipper of deep onshore low
produc t ion-rate we l l s  was bas ed on an indus try tabul a
tion o f  number of we l l s  by depth by produ c tion rate for 
1 9 7 1 .  

5 .  The e f fect o f  r educ ing the rate o f  chang e o f  p r i c e  with 
gravity i n  C a l i fo rn i a  was determined to b e  . 0 2 mi l l ion 
barre l s  per day in 1 9 7 9 . 

6 .  The r e l a t ionship o f  produc t ion to p r i c e  o f  we l l s  
produc ing l e s s  than 1 0  barr e l s  p e r  day i s  important 
because t h i s  oil wou ld be lowe r tier were i t  not for 
the s pec i a l  treatment awarded such " strippe r " wel l s . 
The s tripper we l l  analy s i s  began with ac tua l produc tion 
by s uch we l l s  in 1 9 7 4 . 3 The e f f e c t  o f  p r i c e  on future 
s tr ipper we l l  produc tion was der ived from a de tai l ed 
s tudy performed at the C o lo rado S choo l of Mine s . 4 

7 .  Lower t i e r  product ion rates for the total Uni ted 
S tates for each of the f i r s t  6 months of 1 9 7 6  were 
b a s ed upon produc tion quant i t i e s  conta ined in requ i red 
monthly repo rts . 

3 0 ..; } v � . and Gas Journal ( November 3 ,  19 7 5 )  : 2 3 .  

4 o i l  a nd Ga s Journal ( January 7 ,  1 9 7 4 ) : 7 1 . 
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C .  Produc t ion I mpac t  Methodo logy 

Thi s  sect ion summa r i z e s  the me thodo logies  used in e s t ab l i s h ing 
the impac t s  of pric ing po l icy on crude oil produc tion . Append i c e s  
E , F , G ,  and H are concerned w i th s tr ipper we l l  produc t io n ,  the 
der ivation o f  s upply curve s , option- independent and lower tier pro
duc t ion , and the impac t of price co ntro l s  on the average revenue 
of typical produc tion pro j e c t s , r e s pective ly . 

1 .  1 9 7 9  P roduc tion Forec a s t s  - B a s e  C a s e  and S tage I I  
P r ice Po l i c i e s  

F ive c l a s s e s  o f  produc tion were cons idered : 

a .  S tr ipper produc tion . 
b .  Lower tier pr imary and secondary produc tion . 
c .  North S lope produc tion . · 

d .  Upper tier primary and s econdary produc tion . 
e .  Ter t i ary produc tion . 

The supply r e l a t ionships  for each o f  the s e  c l a s s e s  wi l l  be 
d i s cus sed b e l ow .  

a .  S tr ipper o i l . S tr ipper production , because 
i t  a lway s  i s  p r i c ed a t  the free marke t leve l , wi l l  be 
una f f e c ted by S tage II  and I I I  price option s . A value 
o f  1 . 1 1 5  m i l l ion barre l s  per day wa s uti l i zed for 
s tr ipper produc tion in 1 9 7 9 .  Thi s va lue wa s de rived by 
u s ing the Co l orado S c hool of Mine s s tudy re ferenced in 
B . 6  above .  T h i s  work relates s tr ipper p roduc tion to 
the ratio of crude o i l  to s tripper we l l  opera ting 
c o st s .  The derivation i s  descr ibed in Appendix E .  

b .  Lowe r tier p r imary and se condary p roduction . 
The supply c o s t  o f  a l l  o f  thi s o i l , a s  repor ted in the 
P IE S  tab l e s  r e f erenced in B . l  above , i s  be low $ 4 . 0 0 per 
barre l . Becau s e  the lowe s t  price encounte red in any 
p r i c e  option i s  $ 4 . 2 0 ,  the quantity o f  thi s produc tion 
wi l l  be una f f ec ted by the price option . Consequently , 
a cons tant quanti ty wa s used in a l l  c a se s .  

The quantity used wa s 3 . 0 7 mi l l ion barre l s  per 
day . T h i s  value wa s der ived from the mid- 1 9 7 6  lowe r 
tier produc tion rate ( 4 . 4 6 mi l l ion barre l s  per day 
average for June/Ju l y  1 9 7 6 )  . 1 The mid- 1 9 7 6  r a t e  wa s 

1 oata from FEA Comp l iance S ection . 
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f i r s t  adj u s ted to exc lude terti ary produc tion ( 0 . 2 6 mi l l ion 
b arr e l s  per day ) . 2 The resulting quant i ty was then d e c li ned 
at a rate of 1 0  percent per year for 3 years to get to the 
1 9 7 9  e s timat e . The 1 0  percent per year rate i s  a comb i nation 
of phy s i c a l  deple tion and o f  rec las s i f i cation o f  lower tier 
prope rties  to upper tier or s tripper . 

The c omb ined depletion/re c la s s i f ic ation rate had been 
e s t imated a s  8 percent per year las t spring whe n  propo s ed 
S tage I I  pric i ng regulat ions were f i r s t  announced . 3 S ince 
then the opportun i t i e s  to rec l as s i fy produc tion have been 
further broadened . 4 Lacking data , a val ue of 1 0  percent per 
year wa s a s s umed . 

Lowe r t i er primary plus s econdary vo lume i n  1 9 7 9  woul d  
be l e s s  than 3 . 0 7 mi l l ion barr e l s  per d a y  i f  S tag e I I I B were 
imp l emented . T h i s  option pe rmi ts any pr imary and s econdary 
c rude o i l  that is co-produc ed w i th tertiary o i l  to be s o l d  
a t  the f r e e  marke t  price . Consequent ly , l owe r t i er vo lume 
would be reduc ed to the extent th at the co-produced o i l  
wou ld o therw i s e  b e  lower tier . The vo lume i s  e s t ima ted 
l ater in th i s  chapter . 

Lower t i er primary plus s econdary produc tion would be 
greater than 3 . 0 7 mi l lion barr e l s  per day i f  S tage I I I D were 
imp lemented . Thi s option permi ts h igher prices for low 
gravity C a l i forn i a  crude o i l s . The addi tional produc t ion 
kept from abandonmen t  by th i s  option wou ld be lower tier 
o i l .  

Some add i t iona l deta i l  on lower tier pr imary and s econd
ary produc tion is g iven in Appendix G .  

c .  A l a s kan Nor th S lope O i l . The volume o f  th i s  produc 
t ion wa s s e t  at 1 . 4 2 mi l l ion barr e l s  per day i n  a l l  cas e s . 
Thi s  i s  the " bus ines s a s  usua l "  values developed i n  the 
1 9 7 6  National E nergy Outlook . 5 

d .  Upper t i er pr imary and s econdary produc tion . Upper 
tier o i l  include s all output from l e a s e s  tha t began produc
t ion a f ter mid- 1 9 7 2 , p lus output f rom o lder l e a s e s  tha t were 

2
o i l  and Gas Journal ( Apr i l  5 ,  1 9 7 6 ) : 1 0 7  ff . 

3 
Federal Re g i s ter ( March 4 ,  1 9 7 6 ) : 9 3 8 9 . 

4 
Federal Reg i s t e r  ( Augu s t  2 6 , 1 9 7 6 ) : 3 6 1 7 2 . 

c:; 
- F ederal Ene r gy Admini s t ration , 1 9 7 6  National Energy Outloo k  

( February 1 9 7 6 )  : 9 7 .  
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to 

rec la s s i f ied from lowe r to upper tier under the " re le a sed " 
o i l  incentive program or the S tage I I  and I I I  prope r ty 
rede f i nition s . The o lder o i l  has a low s upply price , a s  
doe s  lower t i e r  o i l . On t h e  other hand , s ome o f  t h e  o i l  to 
be produc ed from f i e lds that have no t ye t been leased or 
produc ed wi l l  be expens ive . 

Consequently , the upper t i e r  p r imary p l u s  s e condary 
c o s t/quant i ty relationship ( supp ly curve ) was developed i n  
three s tep s . F i r s t , a l l  1 9 7 9 primary plus s econdary produc 
t ion from pre- 1 9 7 6  we l l s  c o s t  l e s s than $ 4 . 2 0 per barrel 
( s ee Tab le s  I I I - 1  and I I I - 2 ,  which repre sent PIES vintaged 

p roduc tion tab l e s  I D  4 and 5 ) . So a l l  o f  thi s  produc t ion 
w i l l  take place in a l l  c a s e s . H enc e , the upper t i e r  po rtion 
of thi s  c l a s s  wa s derived by subtrac ting the lower tier 
portion ( C . l . b  above ) from the PIES total . 

Pr ima ry and s e condary p roduc t ion in 1 9 7 9  from po s t- 1 9 7 5  
we l l s  includes both low- and h igh-co s t  segments . The data 
appe ar in P I E S  vi ntaged produc tion tab le s  I D  1 and 2 which 
appear a s  Tables F - 1  and F - 2  in App endix F ,  and are s imi lar 
to Tab l e s  I I I - 1  and I I I - 2 . The " l ow-co s t "  segment is tha t 
wi th a supply co s t  be low 7 . 2 5 real ( 1 9 7 5 )  do l lars p e r  barrel 
( the lowes t  upper tier price e xperi enced - i n  the B a s e  

Cas e )  . A d i scus s ion o f  t h e  p roduc tion and co s t  imp l icat ions 
of th i s  o i l  is contained in Appendix G .  Thi s  o i l  wi l l  be 
produc ed i n  every ca s e , so i t  was exp l ic i t ly ident i f i ed . The 
high-co s t  segment of the 1 9 7 9  upper t i e r  produc tion is pro
j ec ted for each d i f f erent reg ion as shown in F igure I I I - 2 . 6 

The supply curves shown in F igure I I I - 2  for Reg ions 2 
and 6 inc lude sma l l  quant i t i e s  ( 3 0 thous and barr e l s  per day 
e ach ) o f  produc tion that we re not inc luded in the P I E S  
vintaged produc tion table s . The s e  repre s e nt p roduc tion o f  
" he avy " crude o i l  from pos t - 1 9 7 5  tab l e s . The pr i c e/supply 
re lationships for thi s  c l a s s  of produc tion were i nput to the 
P I E S  model independently from the vintaged produc tion tab l e s . 7 

They are :  for Region 2 heavy crude o i l  from po s t- 1 9 7 5  
we l l s ,  3 0  thous and barre l s  per day in 1 9 7 9  at $ 7  per barr e l  
r e a l  we l lhead pric e ;  for Region 6 , 1 0  thous and barre l s  p e r  
day a t  $ 7  per barrel and 3 0  thous and a t  $ 1 2 . 

More deta i l  about the four produc tion c l a s s e s  s o  f ar 
d i s cus sed i s  presented in Appendix G .  I n  particular , 
regional in formation i s  shown . 

6
A deta i l ed examp l e  o f  the der ivation of the supp l y  curve 

Reg ions 8 I 9 I and 1 0  is  presented in Appendix F .  

7 
North Slope and NPR- 1 ( E l k  H i l l s ) product ion were a l s o  input 

P I E S  independently from the vi ntaged produc t ion tab l e s . 
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YEAR 
PROVED $ I B 
1 9 7 5  3 . 5 3 

1 9 7 6  o . o 

1 9 7 7  o . o  

1 9 7 8  o . o  

H 1 9 7 9  o . o  H 
H 
I 1 9 8 0  o . o  

I-' 1 9 8 1  0 . 0  I-' 
1 9 8 2  o . o  

1 9 8 3  0 . 0  

1 9 8 4  0 . 0  

1 9 8 5  o . o 

TABLE I I I - 1  

VINTAGED PRODUCTION F ROM REG ION NO . 8 1 0 L  - TYPE I D : 4 

( RUN : OBAU 1 2 1 2  - 1 1/ 1 5/ 7 5 )  

YEAR PRODUCED : MD/D 
1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2  1 9 8 3  

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

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

1 9 8 4  1 9 8 5  

5 7  4 9  

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 



YEAR 
PROVED $ I B 

1 9 7 5  0 . 5 6 
1 9 7 6  0 . 5 6 
1 9 7 7  0 . 5 6 
1 9 7 8  0 . 6 0 

H 1 9 7 9  0 . 6 1 H 
H 1 9 8 0  1 .  6 1  I I-' 1 9 8 1  1 . 6 2 
t-...> 

1 9 8 2  1 .  6 2  
1 9 8 3  1 .  6 2  
1 9 8 4  1 .  6 3  
1 9 8 5  2 . 6 5 

TABLE I I I - 2  

VINTAGED PRODUCT ION FROM REG ION NO . 8 1 0 L  - TYPE I D : 5 

( RUN : OBAU 1 2 1 2  - 1 1/ 1 5/ 7 5 )  

YEAR PRODUCED 1 MB/D 
1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2  1 9 8 3  

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

1 9 8 4 1 9 8 5  

5 4 
6 5 
6 6 
7 6 
9 7 
9 8 

1 0  9 
1 2  1 0  
1 4  1 2  

0 1 4  
0 0 
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e .  Tertiary produc t ion . S upply curves for tertia ry 
produc tion i n  Reg ion s 2 ,  5 ,  and 6 we re der ived f rom the 
L ewin and As soc i a t e s  report r e f e renc ed in 3 . 2  above . The 
der iva t ion i s  d e s c r ibed in Append i x  F .  The r e s u l t i ng s upp ly 
curves are shown i n  F igure I I I - 3 . 

No data were a va i l ab le about the d i s tribution o f  
future terti ary produc t ion be twe en lower and upper t i er s . 
However , for purpo s e s  o f  brack e t i ng environmenta l e f f e c t s , 
i t  was a s s umed tha t  a l l t e r t i ary production i n  1 9 7 9  wou l d  be 
l ower t i e r  ( excep t , o f  cour s e , i n  S ta g e s  I I IA and I I IB ) . 
Moreover , ne i ther o f  the recent property de f in i tion ad j us t 
ment s B re l i eve a prope rty o f  i t s  current '' c umu l a t ive de f i 
c i ency " ( o f  produc tion be low BPCL ) . 9 Mo s t  candid a t e s  for 
terti ary exp l o i ta tion are o l de r  prope r t i e s  near i ng the end 
of the ir p r imary and s e condary u s e fu l  l ive s . I t  i s  j us t  
such prope r t i e s  that u s ua l l y  f a i l  t o  mee t  the i r  BPCL and , 
c o n s equently , are faced with ever-growing cumu l a t ive d e f i 
c i en c i e s  to b e  overcome be fore any produc t i on c a n  be c l a s 
s i f i e d  a s  upper t ier . 

Production in 1 9 7 9  for the B a s e  C a s� and S tage I I  c a s e s  
was c omputed from the supply curv e  data shown i n  F igur e s  
I I I - 2  and I I I - 3 . F o r  each c as e , an i te r a t ive a lgo r i thm was 
ne eded , because both lowe r tier ter ti ary o i l  quant i ty 
( Figure I I I - 3 ) and upper t i e r  high c o s t  qua n t i ty ( F i gure 
I I I - 2 )  are price-dependent . For examp l e , i n  the B a s e , I I B 
and I IC C a s e s , lower t i e r  p r i c e  i s  def ined . ( I n I IA ,  both 
l ower and upper tier p r i c e s  are var i ab l e . )  So i t  was nec e s 
s ary t o  a s sume a n  upper t i er p r i c e , f rom th i s  d e termine 
upper t i e r  vo lume , and then compute the compo s i te p r i c e  for 
a l l  produc tion . If the compo s i te price s o  computed wa s 
other than nomin a l  $ 1 0 . 4 4 per barrel ( nomi n a l  $ 7 . 6 6 i n  the 
B a s e  C a s e )  , a d i f ferent upper tier price was a s sumed and a 
new compo s i te determined . Thi s  p ro c e s s  cont i nued unt i l  a 
$ 1 0 . 4 4 compo s i te p r i c e  w a s  achieved . 

2 .  1 9 7 9  Production Forec a s t s  - S tage I I I  Price P o l i c i e s  

S tage I I I  p r i c e  i ncentives a r e  add i t ive t o  the S ta g e  I I  
po l i c i e s , s o  the s ame s upply curves and iterative computational 
a l gor i thm we re uti l i z ed a s  i n  the Stage I I  c a s e s . Four Stage I I I  
incentive p r i ce options were s tudied : 

8 
Chapter I , S ec t ions 2 . 2  and 2 . 3 . l . 

9 
Chapter I ,  Section 2 . 2 .  
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a .  The f i r s t  op tion ( S tage I I I A )  evaluated f o r  S tage 
I I I  was to a l low a l l  bona f ide tertiary produc tion to be 
s o ld at f re e  market price ( 1 2 . 5 0 real do l l a r s  per barre l ) . 
F i gure I I I - 3  s hows that tertiary product ion i n  1 9 7 9  at free 
marke t p r i c e  would be 0 . 4 6 mi l l ion bar re l s  per day . O f  
cour s e , upper o r  lowe r t i e r  p r i c ing po l ic i e s  wou ld have no 
e f f ec t  on th i s  vo lume . 

b .  I n  the s econd option ( S tage I I I B ) , a s  an extra 
i ncent ive a l l  produc tion from tertiary pro j e c t s  woul d  
re a l i z e  t h e  free marke t  p r i c e . That i s , pr imary and s e c 
ondary output co-p roduced w i th terti ary mater i a l  wou ld a l s o  
b e  pr iced a t  wor ld marke t  l eve l .  Whe the r  or not th i s  i s  an 
add i t iona l  incent i ve depends s o l e ly on the ratio o f  non
terti ary to tertiary produc t ion in each g iven pro j ec t . That 
i s , if ther e  is no non- tertiary co-p roduc t ion , th i s  option 
is the same as S tage I I I A .  There are wide di fferenc e s  i n  
the r a t i o  o f  non-terti ary t o  terti ary pro duc t ion between 
terti ary techn i que s . Very l i t t l e  pr imary production is co
produc ed with tertiary mater i a l  in s team-enhanced pro j e c t s , 
s o  a value o f  0 . 1 wa s a s s umed for the ratio . Combu s t i o n  
enhanc ement i s  a l s o norma l ly under taken i n  f i e lds where 
convent ional produc t ion has e i ther become une conomic a l  o r  
never w a s  eco nomic a l  i n  the f i r s t  p lace ; cons equent ly , a 
ratio o f  0 . 1  wa s as s umed for th i s  technique , too . Conver s e ly , 
m i s c i b l e  f l oods are f reque ntly unde r taken whi le s ub s tan t i a l  
conventiona l  produc tion i s  s t i l l  underway . F o r  th i s  tech
n ique , a ratio of 1 . 0  wa s a s sumed . 

Becau s e  only mi s c ib l e  pro j e c t s  are s i gni f i c ant ly 
advantaged by the propo s e d  pric i ng option , o n ly mi s c i b l e  
terti ary output wa s incre a s ed over the previous p r i c i ng 
option . B a sed on the Lewin tertiary produc tion s tudy , 
mi s c i b l e  produc tion i n  1 9 7 9  was increased from 0 . 1 7 to 0 . 2 3 
mi l l ion barre l s  per day , the maximum mi s c i b l e  quanti ty Lewin 
f e l t  could po s s ibly be achi eved by then . Add i t iona l ly , in 
accordance with the p r i c i ng option , 0 . 2 5 mi l l ion bar r e l s  per 
day of lower t i e r  o i l  were upgraded to free marke t  p r i c e  
( 0 . 2 3 mi l l ion on ac count o f  mi s c i b l e  pro j ects and . 0 2 

mi l l i o n  on account o f  s team and combustion pro j ects ) .  

c .  The thi rd option ( S tage I I I C )  i s  s t r ipper rede f 
i n i t ion . Ana ly s i s  o f  ava i l able da ta about onshore we l l s  
deeper than 6 , 0 0 0  feet indic ated that neg l ig ib l e  add i tional 
produc tion wou ld be forthcoming i f  deep we l l s  produc i ng 2 0  
bar re l s  per day or l e s s wer e  permi tted free market p r i c e  
( i ns tead o f  the current 1 0  barr e l s  per day per we l l  l imi t 
for f ree mar ket p r i c ing ) . 1 0  Thi s  conc lus ion was b a s ed on 

1 0  " '  See Appenaix E .  
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1 9 7 1 data which s howed that at then-current p r i c e s , the 
minimum economi c production rate for deep we l l s  wa s wel l below 
2 0  barr e l s  per day per we l l .  After ad j us tment for i n f l ation , 
today ' s  l ower t i e r  p r i c es are about the s ame a s  1 9 7 1  p r i c e s . 
So i t  can be conc l uded that s uch wel l s  s ti l l can be expected 
to cont i nue produc tion at rates below 2 0  barr e l s  per day a t  
l ower t i e r  p r ic e s . That i s , onsho re s tr i pper rede f i n i t io n  
would have n i l  e f fect on 1 9 7 9  produc tion . 

The other s tr ipper rede f in i t ion option wa s to rede f ine 
we l l s  i n  more than 20  f e e t  o f  wa ter produc i ng 4 0  barr e l s  pell day or l es s . The e f f e c t  o f  th i s  rede f in i tion was eva lua ted 
by comb i n i �g the U . S .  Geo log ical Survey data di scus s ed in B . 4  
above , w i th an e s timate o f  o f f s hore we l l  economic production 
l imits  p repared by Lewin and As s oc i ate s , I nc . 1 2  Thi s  work has 
been c r i t i c i z ed a s  be ing overly s imp l i s t i c . However , i ts 
overa l l  conc lusions  appear r ea s onab l e , and no o ther immed i 
at e l y  avai la b l e  e s timates were known . 

The r e s ul t s  o f  the analy s i s  indicate that OCS s tr ipper 
rede f i n i tion would increase 1 9 7 9  pro duc t ion by about . 0 2 5  
mi l l ion barre l s  per day compared to i nd e f i n i t e  conti nuation o f  
l ower t i e r  p r i c e  contro l s  o n  the s e  we l l s . 

d .  The f inal S tage I I I  p r i c ing o p t ion ( I I I D )  to be 
evalua t ed wa s changing the C a l i fornia p r ic e/g ravi ty r e l a
tionsh i p . I t  wa s e s t ima ted that C a l i fornia heavy grav i ty 
c rude o i l  produc tion might be inc re a s ed by . 0 2 mi l l ion barre l s  
p e r  day by thi s p r i c i ng option . 

3 .  1 9 8 5 Produc tion Fore c a s t  

Forec a s t  1 9 8 5  produc tion b y  pr imary and s econdary methods wa s 
taken from the P I ES vintaged produc t i on tab l e s  d e s c r ibed in B . l  
above . Tertiary p roduc tion rates i n  Reg ions 4 ,  7 ,  and 8 - 9 - 1 0  we re 
a l so taken from the PIES tab l e s . The s e  wer e  d i s aggregated by 
techn ique ( s team , mi s c ibl e , etc . ) in propo rtion to the number o f  
pro j e c t s  l i s ted i n  the O i l  and Ga s J?urna l survey o f  Ap r i l  5 ,  1 9 7 6 . 

Tertiary produc tion rates for Reg ions 2 ,  5 and 6 wer e  derived 
from the Lewin s tudy refe renced in B . 2  above . The Lewin s tudy 
reported production by terti ary techn ique i n  1 9 8 5 , but no t by 
region . D i s aggregation of each technique to r egion wa s done i n  
the s ame way as wa s done f o r  1 9 7 9  ( s e e  Appendi x  F ) . 

1 1  
d .  S e e  Appen ix E .  

1 2 Lewi n and As s oc i at es , I nc . , " Economic L im i t s  o f  OC S Pro
duc t ion We l l s , '' FEA Contract No . C0- 0 3 - 5 0 2 2 2 - 0 0 0 ,  Ap r i l  1 9 7 6 . 
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D .  Environmenta l Impac t As s e s sment Methodo logy 

The environmenta l  impac t s  of the a l ternat ive pric ing po l i c i e s  
a r e  ana ly z ed a t  thr e e  l eve l s : nationa l , regional and local . 
Eva luat ion a t  the nat iona l and regional l eve l s  focus e s  on quanti
fiable imp ac t s  relative to enviro nmenta l po l i c i e s  ( regulations , 
guide l i ne s , s tandards and c r i teria ) for purpo s e s  o f  comparing the 
a l ternative s . The Envi ronmenta l Re s idual Al location Medel l 

developed for Pro j e c t  I ndependence was used for s upport . The 
regions are D emand Reg ions ( F i gur e I I I - 4 ) de f i ned by FEA for 
Pro j e c t  Independenc e .  The local ana ly s i s  ( s ee Chapter I V )  i s  
concerned with point i ng o u t  what impa c t s  may occur . 

Ana l y s i s  at the loc a l  l evel ( Chapter I V )  c enter s around the 
impac ts of operations o f  average and wor s t  c a s e  fac i l i tie s . 
The s e  fac i l i ti e s  inc lude operations in each pha s e  o f  the petrol eum 
fue l cyc l e  from exploration to refined produc t .  They inc lude 
exp lo ration and dri l l ing , production , tran sportation , s torage and 
ref ining . Becau s e  ana l y s i s  a t  the reg ional level mas k s  impac ts 
that may be s evere a t  a loca l leve l , the purpo s e  o f  th i s  local 
a s s e s sment is to ident i fy the impac ts that w i l l  oc cur in the 
v i c i n i ty o f  s i te s  whe re the amoun t or type of o i l  activity w i l l  
change and , there fore , whe re the environmenta l impac ts w i l l  
ac tua l ly be f e l t . S i nce i t  i s  impo s s ib l e  to predi c t  the quant i ty 
or exact location o f  particular development activi t i e s , t h i s  
local ana ly s i s  doe s  n o t  iden t i fy s pe c i f i c  s i te locations . 
Rather i t  iden t i f i e s  typ ical operation technique s , s i z e s  and 
corre s ponding imp acts . 

Produc tion i s  the pha s e  o f  the petro leum fue l cyc l e  mo s t  
sens i tive to pric ing po l ic ie s . S i nce d i f f erent produc t ion tech
no logies have s ign i f icantly d i f ferent impacts , the produc tion 
techno logies  are d i s c u s s e d  in terms of the ir general proce s s e s  
and the environmenta l imp ac t s  as soc i ated w ith tho s e  proces s e s . 
The n ,  w i thin any one techno logy , i f  d i ff erent we l l  charac ter
i s t i c s  such as dep th , o i l - to -water ratio , number of we l l s  per 
un i t  area , gravi ty o r  age o f  we l l , imp ly s ign i f icant ly d i f ferent 
environmental impac ts , tho s e  s pec i f ic p arame ters and impac ts are 
addre s s e d . Fina l ly , a s  d i f ferent environmenta l s e ttings for the 
produc tion pha s e , such as proximi ty to shores or aqu i f er s , re f l ec t  
d i f ferent impac ts , furthe r ana ly s i s  i s  given t o  them . Where 
s ourc e s  of impac t ,  s uc h  a s  emi s s ions f rom comp re s so r s  or e ff e c t s  
o f  fluid i n j ection , are common t o  severa l technolo g i e s , s eparate 
sections are devo ted to the ir e f f ect . 

1 
Energy Resourc e s  Co . I nc . , As s e s sment o f  Environmental 

Impl ications of P roj ect I ndependenc e , for the U . S .  Environmental 
P rotec�ion Agenc y , 1 9 7 5 . 
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The reg ional and national ana lys e s  ( Chap ter V I I )  deal w i th 
o b j e c t ive and quant i tative r e s idu a l s  that c an b e  r e la ted to 
e nv ironmental po l i c i e s  to comp are the a l te rnativ e  p r i c i ng po l i 
c ie s . T h e  r e s idu a l s  a r e  determined us ing the Env ironmental 
Re s idual A l l oc ation Mode l . The fo rmat o f  the comp a r i s on i n  
Chapter V I I  i s  f i r s t  to r el ate 1 9 7 5  activity t o  t h e  exi s t ing 
e nvi ronment , s econd to compare the B a s e  C a s e  to 1 9 7 5  and f in a l ly 
to compare the a l t ernat ive s to the B a s e  Case . Where f e a s i b l e , 
s ubregions s uc h  a s  coas t a l  areas and s pe c i f i c  s tates are a l s o  
analy z ed . T h e  r e s idua l s  a r e  ( 1 )  organi c s  in water , and ( 2 )  par
t i culates  ( PM ) , o xides of n i trog en ( NOx ) ,  oxides of s u l fur 
( SOx ) ,  hydrocarbons ( HC )  and c arbon monoxide (CO ) in air . The 

water a nd a i r  res idua l s  and s o l ids are g iven in tons per day . 
The res idua l load i ng s  a s s o c iated with an activity are computed by 
mu l t i p l y i ng coe f f i c ients of r e s idual g enerated per barr e l  of o i l  
proc e s sed2 t ime s the quant i ty o f  o i l  predi c ted to b e  i nvo lved 
( s ee above ) . The c o e f f i c i e nt s  are deve loped from the a s sump tions 
that e x i s t i ng l aws are enforce d . The a s s umptions inc lude : 

1 .  State Imp l ementation P la n s  and N ew Sourc e 
Per formance S tandards promu lgated under the C lean Air 
Ac t wi l l  be ach i eved . 

2 .  E f f luent Guide l ine s , New S ource Performanc e  S tandards 
and o ther regulations p romu lgated under the F edera l 
Water P o l lution Contro l Act wi l l  be achieved . 

3 .  Veh i c l e  emi s s io n  contro l mea sur e s  wi l l  b e  
imp l emented . 

Region and s ectoral forecas t s  o f  energy con s umption i n  1 9 7 9  
were prepared for u s e  a s  inputs to the Environmental Re s idual 
A l location Mod e l  used in the regional and national analy se s . 
Only one consumption s c enar io was developed for u s e  w i th the 
produc t ion s c enarios because the di f ferences among the a lterna
t ives in amount s  and patterns of co nsumpt io n  are re lative ly 
smal l ,  and , a l though consumption i s  the dominant contributor to 
e nvironmental pol lution , here the comparative e f fects wou ld be 
a lmo s t  unmea surab l e  w i th i n  the s e ns i tivity o f  the Re s i dua l 
Al locat io n  Mode l .  Our e s t ima tes , as s e e n  be low i n  Chapter V I , 
i ndicate a range in demand for a l l  p et ro leum products from 1 8 . 6 2  
mi l l ion barr e l s  p e r  day for the h ighe s t  pr i c ed a l t ernat ive to 
only 1 8 . 9 7 mi l l ion barr e l s  per day for the B a s e  Cas e . 

2
H i t tman As soc iate s , I nc . , Environmen tal Res i dua l s  

Coe f f i c ients f o r  the Pro j ect I ndependence Eva luat ion S y s tem , 
for the U . S .  Env ironmental Protec t ion Agency , Contra c t  No . 
6 8 - 0 1 - 2 4 6 1 , July 1 9 7 6 . 
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The consumpt ion forec a s t s  were prepared by interpo lation and 
e xtrapo l a t io n . F i r s t , an arc e l a s t i c i ty was compu ted to r epres ent 
the re la tionship b e tween p r i c e  and o i l  con sump tion in the Uni ted 
S tates  i n  1 9 8 0 .  T h i s  was b a s ed on the $ 1 3  and $ 8  P I E S  reference 
c a s e s  for 1 9 8 0 .  The e l a s t i c i ty so computed wa s - 0 . 3 0 .  S e c ondly , 
the average p r i c e  o f  dome s ti c  o i l  del ivered to ref iner i e s  in 1 9 8 0  
under S tage I I  p r i c ing options wa s computed by add ing e s t ima ted 
transportation c o s t s  to the we l lhead p r i c e s  determined above . 
Th i s  de l ive red p r i c e  i s  $ 9 . 6 2 per barrel i n  real terms . The 
import price was a s sumed to be $ 1 3  i n  real terms . An i terative 
c omputation wa s u s e d  to balance the quanti ty o f  impor t s  such that 
dome s tic con s ump tion o f  o i l  wa s con s i s tent wi th the we ighted 
average r e finery intake price of dome s t i c  and impor ted ma ter i a l . 
The ba lance po int wa s 3 4  percent impor ts and a compo s i te ref inery 
intake real p r i c e  o f  $ 1 0 . 7 7 .  1 9 8 0  consump tion a t  $ 1 0 . 7 7 real o i l  
p r i ce wa s comp u te d  by ( loga r i thm i c ) interpo lation between $ 8  and 
$ 1 3  P IE S  c a s e s . The s e  1 9 8 0  data were the n extrapo lated to 1 9 7 9  
u s ing growth r a t e s  pres ented i n  1 9 7 6  Nationa l Energy Outlook . 
Mo s t  growths we re strai ght forward , but the change i n  natural gas  
con sumption by e l e c tr i c  uti l i t i e s  between 1 9 7 9  and 1 9 8 0  requi red 
an i ndire c t  der ivation from the data g iven in the N a t iona l E ne rgy 
Outlook . Th i s  work showed gas consump t ion to be h i gher i n  1 9 7 9  
than i n  1 9 8 0 . Tab l e s  I I I - 3  through I I I - 6  s how the s e  input s . 

Matr i c e s  o f  r e s i dua l s  generated by region and by pha s e  in 
the fue l cycle from produc t ion to con sump tion are p rep ared for 
each alternat ive to show the maj o r impac ted regions and pr imary 
s ourc e s  of impac t .  To compare a l terna t ive s , ma t r i c e s  are pre
pared for each a l ternative showi ng the tota l r e s idua l s  generated 
in the ent i r e  petroleum fue l cyc le for the nat i on and for each 
reg ion . 

I I I - 2 1  



TABLE I I I - 3  

U . S .  FOS S I L FUEL P RODUCT I ON I N  1 9 7 9  
WI TH S E COND S TAGE O I L  P RI C I N G  PO L I C I E S  

A .  N a tur a l  G a s  P rodu c t i o n  

B .  Co a l  

N o r th e rn 
C e n t r a l 
S o uthern 
M i dwe s t  
C en tr a l  
We s t e rn 
E a s t e r n  
Ro c k i e s  

RE G I ON 

2 

2 A  

3 

4 
5 

6 

6 A  

7 

8 / 9  

1 0  

TOTAL 

RE G I ON 

App a l a c h i a  
App a l a ch i a  

Appa l ac h i a  

Wes t 
N o r thern G r e a t  
N o r the r n  G r e a t  

S ou t hwe s t  
Gu l f  
N o r t hwe s t  

TOTAL 

P l a i n s  
P l a i n s  

P RO DUC T I ON 
( m i l l i o n  S C F / d ) 

2 8 9  

9 2  

1 , 4 5 0  

1 , 5 0 8  

4 , 1 5 3  

1 7 , 2 7 9  

1 0 , 0 9 3  

8 , 7 5 5  

1 6 0  

7 5 1  

4 4 , 5 3 0  

S URFlKE DEEP 
( thou s and ton s 

1 5 1  2 9 3  
2 9 2  4 4 6  

2 1  4 5  
2 2 2  3 4  

2 5  
4 9 8  5 

3 5  
1 2  3 3  
1 4  
4 6  

3 

1 , 3 1 8  8 5 6  

I I I - 2 2  

TOTAL 
p e r  d a y ) 

4 4 4  
7 3 8  

6 6  
2 5 6  

2 5  
5 0 3  

3 5  
4 5  
1 3  
4 6  

3 

2 , 1 7 4  



TABLE I I I - 4  

ENERGY USE I N  1 9 7 9  BY ELECTRI C UT I L I T I E S  · ---·-----
W I TH SECOND STAGE O I L  P R I C I N G  POL I C I E S  

- ---�-----·--------

NATURAL 
COAL GAS FUEL O I L  GEO-

REG I ON ( thousand ( m i l l ion D I S T . RES I D . NUCLEAR HYDRO THERJV1..AL 
ton s/day ) SCF/d a y )  ( thou s and bb l/da y )  ( mi l l ion k i l owat t - hour s/day ) 

New Eng land 9 6 4  1 5  2 3 9  6 2  4 8  

Middle At l a n t i c  1 6 6  4 4 5  2 1 4  2 9 6  1 8 2  1 8 2  

South A t l a n t i c  2 9 8  3 0 9  5 7  2 4 4  2 4 1  1 5 7  

E a s t  North Cen t r a l  3 7 5  4 4 2  1 1 4  6 8  1 9 8  3 9  

H E a s t  South C e n t r a l  1 8 0  3 1 8  4 3  2 5  1 2 3  1 0 2  
H 
H We s t  N o r th Cent r a l  1 4 4  3 1 0  2 7  l 5 0  6 L  
I N We s t  Sou th C e n t r a l  4 0  5 , 8 5 6  2 4  5 6  3 3  4 7  w 

Mount a i n  9 1  4 9 3  l l 5 8 9  

P ac i f i c  6 8 1 6  1 7  1 6 1  1 2  6 9 0  1 1  

TO'l'AL 1 , 3 0 9  9 , 0 5 3  5 1 2  1 , 0 9 1  9 0 6  1 , 4 1 6  1 1  



TAB LE I I l - 5 

RE F INE RY INTAKE S OF C H.UDE O I L  AND CON D E N S ATE 
IN 1 9 7 9  W I TH S E COND S TAGE O I L  P R I C ING P O L I C IES 

PAD THOU SAND BARRE L S  
D I S T R I CT P E R  CALENDAR DAY 

lA 5 0 5  

2A 
2 , 6 0 0  

3 
5 , 9 8 0  

4 
4 1 0  

5 
2 , 5 7 0  

lB 
8 5  

2 B  
6 4 5  

TOTAL 1 2 , 7 9 5  

I I I - 2 4  



------·--

S ECTOR 
--

ALL 

E l e c t r i c i ty 

I N D U S1' R I A L  

Coa l 
Na t u r a l G a s  
Re s i d u a l  F u e l  Oi l 
D i s t i l l a t e  F u e l  O i l  

H l lOUS E l lOLD/COMMEHC I AL H 
H N a t u r a l G a s  
I D i s t i l l a te F u e l  O i l  N Re s i d u a l  F u e l  Oi l Ul 

'fHl\N SPORTATION - - - -------
G a so l i ne 
J c t F u e l 
D i s t i l l a t e  F u e l  O i l  
He s i d u a l F u e l  Oi l 

-·- --- -------·--- --

U N I 'l'S 

Coa l -
Na t u r a l  g a s  -
F ue l  o i l ,  g a s ol i ne ,  
E l ec t r i c i ty -

TABLE I I I - 6 

SECTORAL AND REG I ONAL CONSUMPTI ON OF ENERGY I N  1 9 7 9 

W I TH SECOND S TAGE O I L  P R I C I NG POL I C I E S  

. EAST EAST WEST WEST 
NEW M I D - SOUTH NOR'rJI SOUTH NORTH SOUTH 

ENGLAND ATLANTIC ATLANTIC CENTRAL CENTRAL CENTRAI, CENTRAL 

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

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

8 1  1 3 4  1 5 2  1 0 3  1 4  3 3  3 5  
1 9  5 4  8 5  8 9  3 8  3 0  5 2  

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

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

Thous and " equiva l e n t tons " ( 2 2 . 5  m i l l io n  n t u )  per day . 
M i l l i on s t andard c u b i c  f e e t  per day . 

j e t  fue l - Thou s a n d  b a rr e l s  p e r  day . 
M i l l i o n  k i l owa t t  hours p e r  day . 

MOUNTA I N  Pl\CI F I C  TOTAL 

2 9 0  7 2 6  5 , 9 6 8  

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

1 8  7 6  6 '1 6  
4 3  5 9  4 6 9  

8 8 9  1 , 8 9 2  1 5 , 9 8 9  
3 1  5 6  1 , 5 3 8  

6 2 2  5 3 7  

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

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





CHAP TE R  IV 

DESCRIPTION OF PETROLEUM TECHNOLOGI E S  
AND POTENTIAL LOCAL ENVI RONMENTAL IMPACTS 

The analys i s  in thi s  chap ter centers around the loc a l i zed 
impacts o f  normal ope rations invo lved in the proce s s ing o f  
petroleum .  The s e  inc lude ope rations i n  e ach phas e  o f  the 
p e troleum fue l  cycle from exp loration to re fined p roduc t : 
exp loration and dr i l ling , p roduction , tran sportation , s torage 
and re f in in g . Because ana lys i s  a t  the regional leve l s  masks 
impacts tha t  may be severe at a local leve l ,  the purpose o f  
thi s  local as s e s sment i s  to identi fy the impacts tha t  might 
o ccur in the vi c in i ty o f  normal ope rating s i te s , whe re the 
ma j or environmen tal impacts wi l l  actua l ly be fe l t . S ince it 
i s  impo s s ib le to pred i c t  the quant i ty or exact location o f  
p articular deve lopment activi t ie s , th i s  local ana lys i s  doe s 
not iden t i fy the spec i f ic s i te locations where leve l s  o f  
activ i ty wi l l  change , nor are the amoun ts o f  the change s 
ident i f ied . Rathe r , typ ical ope ration te chnique s ,  s i z e s  and 
corre spond ing impacts are pre sented . The s i te s  d i s cu s s e d  in 
th i s  chap ter s e rve only as examp l e s  o f  the techno logy they 
repre s en t . On ly to the exte n t  tha t  activ i t i e s  pre sented 
here are s t imul ated by the pricing incentives in the s e  or 
o ther locations wi l l  the corre sponding local impacts occur . 
An e s t imate o f  regional produc tion leve l s  in 1 9 7 9  unde r  the 
s everal p r i c in g  a l te rnatives is presen ted b e l ow in Chapter VI 
( Tab l e s  VI - 3  through VI - 1 8 ) .  The bre akdown pre s ented the re , 
according to NP C Production Region s , i s , howeve r , too coarse 
to s e rve as a bas i s  for p inpointing the s pe c i f ic s i te s  at 
whi ch produc tion would be af fected . 

For certain local factors such as a i r  emi s s ions , wh ich 
c an be aggregated on a regional and national bas i s , e s t imates 
of overa l l  impact are made in Chapter V I I ,  be low . The s e  
e s t imate s ind i c a te , i n  general , o n l y  sma l l  d i f fe rences among 
a l l  of the pricing a l te rnative s . Loc a l i zed impacts would be 
e xpected to show s imilar d i f ference s ,  cons idered in the 
aggregate , in proportion to the produc tion leve l di f ferences 
a s s o c i ated wi th the several al ternative s . Large r d i f ferences 
in the nature of impact would be expected be twee n  pric ing 
a l te rnative s promo ting d i f fe rent product ion techno log ie s . 
For examp l e , a l te rnatives inc luding Case I I IA or Ca s e  I I IB 
p romote a l l  forms of terti ary p roduction , but parti cular ly 
C0 2 floodin g . Re ference to production leve l s  by technology 
i n  Tab l e s  VI - 3  through VI - 1 8 , a s  noted above , wi l l  indicate 
the spe c i f ic rel ationships be tween produc tion and p r i c in g  
a l te rnatives .  
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Becau s e  p roduc tion repr e s e n t s  the phase o f  the petroleum 
fue l cyc le mo s t  s e n s i tive to the pricing po l i c ie s , and s i nc e  
t h e  d i f f e rent produc tion techno logi e s  have s i gn i f ican t ly 
d i f ferent impacts , the produc tion te chno logi e s  are f i r s t  
divided and d i s cu s s ed wi th the i r  a s s o c i ated envi ronme n ta l 
impac t s . Whe r e  sour c e s  o f  i mpa c t s , such a s  emi s s ions from 
compr e s sors or e f f e c t s  o f fluid i n j e c tion , are common to 
s evera l techno log i e s , separate s e c tions are devo ted to the i r  
e f f ec t .  

O i l  and gas  are found where i rregulari t i e s exi s t  in the 
s ubsurface s tr a ta . The s e  irregulari t i e s  inc lude faul t s , 
fo lds , and dome s which have formed over geo l og i c  t ime . The 
f luids that may be trapped i n  the s e  i rregula r i t i e s  ( re s e rvo i r s ) 
inc l ude o i l , natura l  gas  and an aqueous , genera l ly s a l ine 
s o lution known as o i l f i e ld brine . Oi l we l l s  a re u s e d  to tap 
the s e  r e s e rvo i r s  and form a path for the movement of the 
fluids to the surface . Once the produced f luids have been 
extracted from the formation , they c an be s ub j e c ted to 
various proce s s e s  which s eparate natur a l  ga s , c rude o i l ,  and 
produced wa te r . 

The fluids in some r e s e rvo i r s  are under s u f f i c i e n t  
natural pre s s ur e  so tha t  produced f l u i d s  a r e  pushed t o  the 
s ur face e s s entia l ly spontaneou s ly once a we l l  is dri l led . 
As o i l  p roduc tion proceeds and pre s s ure drop s , howeve r , th i s  
i s  no longer the c a s e . I n  order for we l l s  to continue 
p roduc ing o i l , pres sure mu s t  be prov ided by pump s . Even
tua l ly , however , the production from pumped we l l s  wi l l  drop 
o f f . Th i s  o f ten occur s wi th as much as 8 0  o r  9 0  percent o f  
the original o i l  remaining i n  the re s e rvo i r . A number o f  
s trate g i e s  can b e  emp loyed to produce the rema ining o i l . 

One common s trategy i s  the i n j e ction o f  fluids i nto the 
r e s e rvo i r  to c re a te pre s sure whi c h  can dr ive produced f l uids 
towards produc ing we l l s . A s econd technique i nvo lve s 
mod i fying the prope r t i e s  o f  the o i l in order to make i t 
e a s ier to p roduc e ; for examp le , heating the forma tion i n  
order t o  decrease the v i s co s i ty o f  the o i l .  A th ird techniqu e  
occa s i onal ly used in con j unc tion wi th f luid i n j e c tion i s  the 
i n j ection o f  chemic a l s  whi ch improve the e ff i c i ency o f  the 
operation . An examp le is the inj ection of sur fac tan ts - 
chemi c a l s  whi c h  s tabi l i z e  o i l -water emu l s ions and subs tan
t i a l ly inc rea s e  the amount o f  o i l  e n trained by an i n j e c ted 
s tream of wa te r . Co l le c tive ly ,  the s e  techn ique s are k nown 
a s  enhanced recovery methods . 

O i l  produc tion techniques are cornrno n ly divi ded i n to 
three general c a tegories whi ch are r e f e rred to frequen tly 
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throughout this  report : the s e  are p r imary , s econdary , and 
terti ary recovery . P r imary recovery refers  to the p roduc t ion 
of o i l  when o i l  is a l lowed to f l ow under i t s  own pre s s ure or 
when pump s a lone are used to l i f t  it to the s ur f ac e . I n  
s econdary recovery , f luids ( e ither g a s  or water ) a r e  in j ected 
into the r e s e rvo i r  to pus h oil through the r e s e rvo i r  and 
towards the we l l . ( The we l l  through whi c h  f l uids are in j ec ted 
into the r e s ervo ir is known a s  the i n j e c t ion we l l , and the 
we l l  through which the produced f l uid s move to the surf ace 
i s  known a s  the p roduct ion we l l . They norma l ly are 
d i s t in c t . )  Terti ary recovery cons i s t s  of a var i e ty of mo re 
s ophi s t ic ated techn ique s u s ed to increa s e  the amounts of o i l  
produc ed b y  f l ui d  i n j e c t ion . This inc l ude s use o f  s ur f ac tan ts 
o r  o ther chemi c a l s  which make the oil mi s c ib le w i th i n j ec ted 
water and thereby improve d i s p la cemen t  e f f ic i ency , i n  add i t i on 
to the use o f  therma l techniques which attempt to decre a s e  
t h e  v i s c o s i ty o f  o i l  in the res ervo i r  b y  heat ing the format i on 
( e . g . , by the i n j e c t ion o f  s te am ) . 

The f o l l owing o i l  produc tion techno log i e s  and the 
envi ronmen tal impacts a s soc i ated w i th them are di s c u s s e d  in 
de ta i l  in the rema inder of th i s  chapter o f  the repor t : 

PRIMARY RECOVE RY TECHNIQUE S 

• Onshore P r imary : O i l  i s  removed wi thout the 
inj e c tion of other fluids into the re s e rvo ir ; s ome 
r e s e rvo i r s  have s u f f i c ient natural pre s s ure to 
boo s t  o i l  to the sur f ac e  once we l l s  are d r i l led ; 
e ls ewhere , pump s are used . 

• O f f s hore P roduc ti on : O i l  i s  produced , genera l ly 
by convent ional p r imary recovery technique s , from 
r e s ervo i r s  located under coas t a l  water s . 

SECONDARY RECOVE RY TECHN I QUES 

• Waterf looding : Water i s  pwnped into the o i l  
r e s ervo ir through i n j ec tion we l l s  i n  order to 
dr ive o i l  over to production we l l s . 

• Gas I n j ec tion : Natur a l  gas i s  pumped under 
pre s s ur e  into the gas re s e rvo i r  to dr ive oil over 
to produc t i on we l l s . 
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TERT IARY RECOVERY TECHN I QUE S 

• S team I n j e c t ion : Steam i s  i n j e c ted i nto the 
res e rvo ir in order to heat the formation , decre a s e  
o i l  v i s co s i ty , and drive o i l  ove r t o  the p roduc tion 
we l l . This  techn ique can b e  divided into s te am 
so ak , in wh i c h  s team i s  i n j e c ted into the res ervo i r  
f o r  only a b r i e f  p e r iod o f  t ime , and s te am dr ive , 
in wh ich the s te am i s  in j e c ted continuous ly

-
.
-

-� 

Steam in j e c t i on , together with the next techn ique , 
in - s i tu combus t i on ,  are toge the r r e f erred to as 
thermal recovery me thods . 

• I n - s i tu Comb u s t ion : Heat i s  generated w i th i n  an 
o i l -b e ar ing formation through the combusti on of 
part of the o i l  pre s en t  in the formation . Typ i ca l ly , 
the comb u s t ion i s  s u s t a in ed through the in j ec tion 
o f  a i r . 

• Mice l lar/Po l yme r : A sur fac tant i s  i n j e c ted into a 
r e s ervo i r  to increase the amount o f  o i l  entrained 
by the wa ter dr ive ( " mice l l ar " r e f e r s  to the fact 
that s urf ac tant mo lecule s in the s lug tend to 
aggregate into groups o f  mo lecules known a s  
" mic e l l e s " ) . A polyme r i c  mob i l i ty c ontro l b u f f e r  
i s  gene r a l ly a l s o  in j e c ted t o  push t h e  s ur fac tant 
through the formation i n  a p i s ton- l ik e  mo t ion in 
order to min imi z e  d i f fus ion and lo s s  of the 
surfactan t . 

• M i s c i b le/C0 2 : C0 2 i s  in j ected into the re s e rvo i r  
a t  high pre s s ure s . I n  one approach , the C0 2 1 a t  
supe r c r i t i c a l  pre s s ur e s , acts a s  a mut ual s o lvent 
for both the hydroc arbon and aqueous pha s e s , forming 
a s ing l e  pha s e  whi c h  can be dr iven through the forma
t ion to the produc ing we l l . At lower pre s s ure s , 
the C0 2 acts  to improve the mob i l i ty ratio , as s is ting 
in the p roc e s s  of moving o i l  toward the produc t ion 
we l l . 

In add i tion , the fol lowing s ourc e s  of envi ronmental 
impact are d i scus sed s eparate ly , s ince they are corru�on to 
two or mor e  of the techno logies  l i s ted above : 

• Impac ts Due to Wa ter I n j e c t i on : Wa ter inj ec ted 
into o i l  res ervo i r s  for the purpo s e  o f  wate r -
f lood ing i s  general ly treated with a var i e ty o f  
bacter i c i de s , corros ion inh ib i tors , and sequ e s ter ing 
agents ( s c a l ing inh ib i tors ) .  Many of the s e  chemi 
c a l s  are toxic , s o  that the leakage o f  i n j ec ted 
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w a t e r  from the i n j e c t i o n  we l l  ( w h i c h  may o c c u r  i n  
the c a s e  o f  we l l  f a i l u r e ; e . g . , through c r a c k s  i n  
the we l l  c a s i ng )  may r e s u l t  i n  t h e  c o n t ami n a t i on 
o f  groundw a t e r  s upp l i e s . 

• Impac t s  Due to P roduc e d  Wa t e r  D i s po s a l : P roduc ed 
w a te r s  c o n t a i n  h i gh l eve l s  of t r a c e  h e avy me t a l s  
i n  add i t i o n  to s i gn i f i c an t  c o n c e n t r a t i o n s ( 2 0 to 
s ever a l  hundred p a r t s  per mi l l i o n ) of r e s idua l o i l  
hydro c a rbon s .  B r i n e s  from o f f shore p roduc t i on 
p l a t forms a r e  g en e r a l ly d i s p o s ed o f  by b e i n g  
s j.mp l y  t r e ated a n d  d i s c h a r g e d  i n to t h e  c o a s ta l  
wa terbod i e s  i n  wh i ch the p l a t forms a r e  l o c a t e d , 
wh i l e b r i n e s  f rom t e r re s t r i a l  p l a t f o rms a r e  
g e n e r a l ly d i spo s e d  o f  b y  b e i n g  n j e c t e d  i n to und e r 
ground p o ro u s  forma t i on s . I n  t h e  fo rme r c a s e , 
b r i n e s  may c r e a t e  l eve l s  wh i c h  e x c e e d  w a t e r  qua l i ty 
c r i te r i a . I n  the l a t t e r  c a s e , f a i l ur e  o f  i n j e c t i on 
we l l s  may re s u l t  i n  s ev e r e  g ro undwa t e r  i mp a c t .  

• I mp a c t s  Re l a te d  to U s e  o f  Compre s s i on and P ump i n g  
E n g i n e s : Compre s s i on and p ump i n g  e n g i n e s  u s ed i n  
o i l  produc t i o n  o p e r a t i o n s  produc e emi s s i o n s  c o n 
t a in i n g  hydr o c a rbon s , p a r t i c u l a t e  ma t te r , c a rbon 
mon ox ide , and o x id e s  of n i trogen and s u l fur . I f  
the u s e  o f  compr e s s o r s , bo i l e r s , and the l i ke i s  
p a r t i c u l a r ly he avy , emi s s i o n s  o f  the s e  p o l l u t a n t s  
m a y  c a u s e  F ede r a l  a i r  qua l i ty s t andards to b e  
v i o l a te d  a t  s i te s n e a r  the o i l  f i e l d . 

• I mp a c t s  Due to O i l  S p i l l s : The s to r a g e  and s h i p 
men t  o f  o i l  a f t e r  produc t i on e n t a i l  the r i s k  o f  
o i l  s p i l l s , both on l and a n d  n e a r  o f f shore p l a t f o rms . 

The p r o c e s s e s  and techno l o g i e s  de s c r i b e d  above c r e a te 
the f o l lowing c a tegor i e s  o f  e n v i ronme n t a l  impa c t : 

• P o t en t i a l  imp a c t s  o n  groundwa t e r  qua l i ty due to 
le a k a g e  of p roduc ed o r  i n j e c t e d  f l u i d s  thro ugh 
b r e a k s in we l l  c a s i n g s  or the o i l  forma t i o n . 

• A i r  qua l i ty imp a c t s  due to emi s s ion s f rom bo i l e r s , 
p ump s , and comp r e s s o r s , and due to the re l e a s e  o f  
proc e s s g a s e s  from i n - s i tu comb u s t i o n  o p e r a t i on s . 

• Land u s e  imp a c t s ; i . e . , imp a c t s  o n  l and ava i l ab i l i ty 
re l a ted to s i t i n g  and l a n d  u s e  requ i r eme n t s  o f  o i l  
p roduc t i on o p e r a t i on s . 
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• Impac t s  due to the o f f shore d i s � o s a l  o f  brine s . 
Two catego r i e s  o f  impac t s  are important here : 
ecologi c a l  impacts on bio log i c a l  commun i ti e s  
surround ing the production p la t form , and potential  
human hea l th impac t s  a s  a re s u l t  of  the bioaccumu
lation o f  toxic brine con s t i tuents by organ i sms 
such as s he l l f i s h  de s t ined for human con s ump t i on . 

• Impac t s  on marine biota due to o f f s hore o i l  s p i l l s . 

• Impac t s  on terre s tr i a l  vege tation , e t c . due to 
terre s tr i a l  o i l  s p i l l s . 

• P otent i a l  impac ts created by r i s k  o f  leakage o f  
toxic chemi c a l s  u s ed for wate r f lood treatment or 
for tertiary re covery me thods f rom on s i te s torage 
areas . 

F igure IV- 1 s ummar i z e s the d i s c u s s ions o f  environmental 
impac t found in th i s  s e c ti on of the report . I t  s hows the 
type s of impacts wh ich are a s s o c i ated w i th each p roduc tion 
technology , together w i th parameters whi ch can b e  used to 
exp r e s s  the degree o f  impact cre ated by each partic ular 
�echnology . 
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TYPE OF IMP."-CT 

Deterioration o f  
ground•o1a ter quality 
through leaj(age o f  
inj ected treated 
water in ca�e of 
well failure 

Groundwater qual i ty 
impacts due to in
j e c t ion o f  speci al 
chemica l s  along with 
water and in addition 
to those commonly used 
for treat::ient of inj ected 
water 

Gr�undwater quality im
pacts dua to po s s ible 
leakage o f  produced 
fluids 

Il:loacts due to terre s
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A .  Conventional Recovery Onshore 

1 . I ntroduction 

I n  1 9 7 5 , 3 , 0 5 0 , 8 1 9 , 7 5 0  barre l s ( 9 6 . 6  percent ) were 
produced by primary and secondary recovery techniques . l 
( 1 0 5 , 9 9 1 , 2 5 0  barre l s  o f  oi l were produced in the Uni ted 
States by terti ary recovery methods . ) 2 Each production 
technology i s described be low and i ts re lative importance in 
domestic o i l product ion asses sed . Sources of  envi ronmental 
contamination or stre s s  are de fined for each method , and the 
s igni ficance o f  the impacts evaluated . 

In  primary production , oi l i s produced without the 
in j ection o f  fore ign s ubs tances  into the res ervo ir .  Pre
vious ly  untapped res ervoirs often have suffic ient natural  
pre s s ure to  boost  o i l to  the s ur face once we l l s are  dri l led . 
We l ls which produce without any ass istance are cal led f lowing 
wel l s . In 1 9 7 4  only 3 6 , 1 0 5  out of 4 9 4 , 3 5 2  we l ls ( 7 . 3  percent ) 
were flowing we l l s . 3 The great ma j ori ty of  primary oi l i s 
pumped from we l ls ,  e ither by mechanical  pumps or by the gas 
l i ft  method ( di scussed below) . Of  the total U . S . 1 9 7 4  
production o f  3 , 1 5 6 , 8 1 1 , 0 0 0 bb l , 5 5 . 9  percent was recovered 
by primary techn iques . 4 

As primary production proceeds , re servoir pressure 
decreases  and pumping become s ineffic ient . Thi s o ften 
occurs with as much as 8 0 or 9 0  percent of the original oi l 
rema ining in p lace in the reservo ir .  Secondary methods , 
such as waterflooding and gas in j ection , may then be uti l i zed 
to recover addi tional oi l . In  waterflooding , water i s 
pumped down in j ection we l l s  into the reservoir in a confi 
guration des igned to drive the o i l toward producti on we l ls . 

1 11 u . s .  Thermal Recovery Activi ty Growing 
Production Report , Oi l and Gas Journa l 7 4 ( 1 4 ) 
1 0 7 - 12 7 .  

Steadi ly , " 
(Apr i l 5 ,  1 9 7 6 ) 

2Persona l communication , Charles  Bowl in , D irector  o f  
Technic a l  Services , Inters tate Oi l Compact Commi s s ion , 
Ok lahoma City , Okl ahoma . 

3 " u . s .  Oi l Wel l s St i l l Dec reas ing , " World  Oi l ( February 
1 5 , 1 9 7 5 ) : 1 0 6 . 

4 1 . . Persona communication , Char les  Bowlin .  
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Waterf  looding has long been an accepted and wide ly used 
techn ique . According to the Interstate Oi l Compact Com
mis s ion : 5 

At the present time , waterf looding i s so we l l  regarded 
as a rel iable  and economic oi l recovery techn ique that 
virtual ly every f ield  of any s igni f icance that does  not 
have a natural  water drive has been , is be ing , or soon 
wi l l  be waterflooded . 

Gas in j ection i s also  used to maintain res ervo ir pressure 
at a leve l adequate to fac i l i tate oi l recovery , and to dr ive 
o i l toward production we l l s . Most  secondary recovery wel l s  
must  b e  pumped by the same methods  used for arti f ic ial  l i ft  
primary wel l s . Secondary production presently accounts for 
about 4 0  percent of total U . S .  crude production . 

Potent ia l  environmental impacts as soc iated with pr imary 
and secondary oi l recovery techn iques ari se  from four sources  
emi s s ions from production-related equipment ( compre s sors , 
inj ection pumps and production pumps ) , consumption of water 
in waterf looding , on-s ite oi l spi l l s , and brine di sposal . 
Most  oi l f ield  equipment is now e lectric ;  there for� , equipment 
emis s ions are not a s igni f icant problem . Depletion of water 
suppl ie s , whi le potentia l ly a problem in particularly arid 
areas , has not posed and i s not expected to pose a ser ious 
threat to environmental qual ity . Brine di sposal  i s a problem 
as soc iated with a l l  methods of oi l recovery . Under certain 
c ircumstances its impact can be s igni f icant  ( see Sec tion 
IV . D ) . 

2 .  Primary and Secondary Recovery Processes 

In 1 9 7 4 , pr imary recovery -- both f lowing and arti f ic ia l  
l i ft  wel l s  -- accounted for 1 , 7 6 6 , 4 9 3 , 0 0 0  b b l  ( 5 5 . 9  percent ) 
of crude out of a total domestic production of 3 , 1 5 6 , 8 1 1 , 0 0 0  
bbl . 6 Of the f ive ma j or producing states , Loui s iana had the 
highest percentage of pr imary production , at 8 5 . l  percent of 
7 3 6 , 4 1 5 , 0 0 0  bb l ; Wyoming had the lowest , at 1 6 . 2  percent of 
1 3 9 , 9 9 7 , 0 0 0  bbl ( see Tab le IV-1 ) . 

5 Inter s tate O i l  Compact Commi s ion , Secondary and 
Terti ary Oi l Recovery Proces ses , Oklahoma Ci ty , Oklahoma , 
1 9 7 4 , p .  2 .  

6 Personal communication , Char les  Bowl in .  
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TABLE IV- 1 

TOTAL 1 9 7 4  C RUDE O I L  P RODUCTI ON AND 
SECONDARY RECOVERY P RODUCT I ON 

S TATE 

Al abama 
Al a s k a  
Arka n s a s  
C a l  i f o r :1 i a  
C o l o r ado 
F l o r id a  
I l l i n o i s  
I nd ia n a  
Kan s a s  
K e n t u c ky 
Lo u i s i a n a  
M i c h i g a n  
Mis s i s s i p p i  
M i s s o ur i 
Mo ntana 
)!ebraska 
New Me x i co 
N e w  York 
N o r th D a k o t a  
O h i o  
O k l ahoma 
P e n n s y lvan i a  
T e x a s  
U t a h  
We s t  V i r g i n i a  
Wyomi n g  
Othe r s  3 

TOT.l\.LS 

( thousands of barre l s ) 

TOTAL O I L  
1 9 7 4  

1 3 , 3 0 0  

7 2 , 2 7 9  

1 6 , 5 5 5  

3 2 2 , 5 1 9 

3 7 , 5 0 8  

3 6 , 3 5 1  

2 7 , 5 5 3  

5 , 4 3 9  

6 1 , 6 9 1  
7 , 8 3 7  

7 3 6 , 4 1 5 � 
1 7 , 8 9 3 �  

5 0 , 7 7 9  

5 6  

3 4 , 5 5 4  

6 '  6 1 1  
9 4 , 0 8 3  

8 9 6  

1 9 , 7 8 1  

9 , 0 8 8  

1 7 3 , 1 4 4  

3 , 3 9 9  

1 , 2 2 4 , 9 2 6  

3 9 , 3 6 3  

2 , 6 7 3  

1 3 9 , 9 9 7  

2 , 1 2 1  

3 , 1 5 6 , 8 1 1  

SECONDARY RS COVERY
l 

1 9 7 4  

6 , 3 2 4  

6 9 , 6 9 9  

5 , 4 6 1  

1 5 3 , 1 7 0  

2 5 , 1 2 7  

5 6 0  

1 9 , 4 2 4  
2 , 5 1 4  

2 1 , 3 1 7  

6 , 6 6 1  

1 0 9 , 8 3 6  

2 , 2 1 7  

1 1 , 2 7 4  

2 1  

2 8 , 8 3 6  

3 , 2 7 1  

3 2 , 9 1 6  
7 6 2  

1 1 , 5 1 4  

8 7  

9 6 , 0 4 6  

1 , 6 8 0  

6 5 0 , 5 6 3  

1 3 , 3 7 7  

2 9 7  

1 1 7 , 3 6 4  

1 , 3 9 0 , 3 1 8  

1
T o t a l  shown f o r  s e condary r e c ov e r y  vo l um e s  i n c l ude a l l  

r od u c � i o n  from f i e l d s  unde r g o i n g  the s e  p r o c e s s e s , a l though 
t i s  r e a l i z ed that a p o r t i o n  of the produc t i o n  from s ome 
i e l d s  i s  p r imary . 

2
aureau o f  � i n e s . 

3 , . _..,, :::i z on a , :.l evada , S o u �� J a ko t a. , a.;i.C. :' � � ne s s e e . 

S o urce : n t e r s 7:a ':. e ·J i l  : :J rr.p a c 't.  Corn ... "TI.i s s i o n  a n C  ::r a t i o n a l  

S t = i 9 p e �  � e  _ A s s o c i a t i o n , � a t i � n a :  S � = i � o e r  ��e l l  S u =ve'1 , 

J a n u a r ?  l ,  3 7 5 .  



S e condary recovery me thod s inc l ude waterf looding and 
g a s  i n j e c t ion . In 1 9 7 4 , approximate ly 1 , 2 8 4 , 3 0 0 , 0 0 0  bb l ,  or 
4 0 . 7  percent o f  tot a l  U . S .  crude o i l , was recovered by the s e  
method s . A l a s ka ( 9 6 . 4 ) and Montanta ( 8 3 . 8 ) had the l arg e s t  
pe rcentage o f  c rude o i l  produc tion attributab le t o  s econdary 
recovery me thod s ( s e e  Tab l e  IV- 1 )  . 7 O f  7 4  s econdary recove ry 
pro j ec t s  in Montana , 3 were g a s  inj e c tion pro j e c t s , 1 used 
both g a s  i n j e c t ion and water f looding , and the re s t  were 
wat e r f lood pro j ec t s . 8 

2 . 1  P r imary Recovery - - F l owing We l l s  

No mechan i c a l  a s s i s t ance i s  required for produc t ion 
f rom f lowing we l l s . Natural res ervo i r  pre s s ure forc e s  the 
o i l -b r ine mixture up the we l l  to the s ur f ac e . I t  i s  then 
p iped directly to s eparation f ac i l i t i e s  where produced water 
is removed f rom the o i l . F lowing we l l  produ c t ion i s  gene 
ra l ly po s s ible only in new , unexp lo ited re s ervo i r s . Produc t ion 
ra t e s  f rom the s e  r e s ervo ir s  tend to b e  high ; water to o i l  
ra t i o s  are r e l at ive ly low . 

F lowing we l l s  represent only a sma l l  f raction o f  a l l  
U . S .  produc ing we l l s . E i ght produc ing s tate s have n o  f lowing 
we l l s  at a l l . The perc entages o f  we l l s  that were f l owing in 
the f ive ma j or produc ing s ta t e s  i n  1 9 7 4  are as fol lows : 
Texas - - 1 2 . 5  percent ; Loui s i ana - - 2 3 . 4  percent ; C a l i forn i a  
1 . 1  percen t ; Oklahoma -- 5 . 4  percent ; and Wyoming - - 7 . 1  
percent . The s e  f ive s tates accounted for 8 2 . 5  percent o f  
total U . S .  produc t ion i n  1 9 7 4 9 ( s e e  Tab le IV- 2 ) . 

2 . 2  P r imary Recovery - - Art i f i c i al L i f t  

Mo s t  pr imary o i l  i s  re covered b y  one o f  two k inds o f  
pump ing - - mechan i c a l  pump s o r  g a s  l i f t . There are four 
type s of mechan i c a l  p ump s common ly i n  u s e : walk ing beam , 
e l e ctric s em i s ubme r s i b le , s ub sur face hydraul i c , and p lunger 
l i f t . Wa lking b e am pump s are the mo s t  widely u s ed ( s ee 
F i gure IV- 2 ) . A bo ttom ho le pump is  connected by a s tring 

7
P er sonal commun i c at i on , Char l e s  Bowl in . 

8 
S t ate o f  Montan a , Departmen t  o f  Natural Resources and 

Cons erva t i on , O i l  and Gas D iv i s ion , Annua l Review for the 
Year 1 9 7 4  Re lating to O i l  and Gas . 

9
11 u . s .  O i l  We l l s  S t i l l  De creas ing , "  1 9 7 5 . 
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TABLE I V - 2  

U . S .  WE LLS P RO D UC ING CRUDE O I L  A T  END OF 1 9 7 4 , B Y  STATES 

STATS OR DISTRICT 

Alaba..r:ia 

.;la.sk.3 
Ar l zc:ia 

Arkansas 

California 

Colorado 

Flor ida 

! l l ino i s  

India.na 

Kansas 

Kentucky 

Louis i ana 

CRUDE O!L f/E!..1.S 

FLOWING 

35 

4 2  
0 

1 2 3  

4 5 3 
1 1 9  

6 3  

0 
0 

27 5 
0 

6 , 5 4 5  

ARTIFICL1.L 
LIFT 

J.84 
l.06 

2 8  

6 ,  9 9 3  

3-9 ' 7 7 7  

1 ,  9 2 1  

7 0  

2 3 , 7 1 8  

-1,  3 7 6  

4 1 ,  4 8 0  
1 4 '  1 2 9  

2 1 , � 2 8  

'!'QTriL 
WEL:S 

419 
2 2 8  

2 8  

7 ,  1 1 6 

..: o ,  2 3 0  

2 , 040 
l J l 

23 ' 7 18 

4. 3 7 6  

4 1 , 7 5 5  

:. 4 ,  1 : 9  

27 ' 9 7 3  

Bbls . :)AILY 
PRODt.:CT!ON 

TOTAL 
( In T�ou

sar:.ds) 

3 4 .  9 
1 9 3 .  a 

2 .  c 
4 5 .  5 

3 8 2 . 2 
10:'  . 1  

9 9 .  j 
7 6 . 9  

1 3 .  2 

1 7 3  . 1  

2 2 .  2 

2 , 0 3 6 . 3  

PER 
WELL 

8 3 .  3 

8 5 C . O  

c 2 . 1  

6 .  4 
2 1 . 9 

5 0 . 0  
7 4 7 . 0  

l .  2 

3 . 0  

4 . 1  
l .  6 

7 2 .  3 
------------ -------- - - -- ---- -- -- - - -- - -- - --- - --- --- - --- -- -- - - - - -- --- - - --- --

North :.<.iuis iar.a 2 6 1  

Soutt �ui s i .i:ia 3 ,  J,;; 4 
Offshore :.O u i s .iana 3, 2 4 'J  

1 4 , 85 4  

6 , 2 1 4  

3 6 0  

1 5 , 1 1 5  

9 '  2 5 8  
3 , 500 

l ') 9 .  3 
i ,  ;1 2 1 .  c •  

7 .  2 

1 4 3 .  9 "'  

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

Michiga.n 

."1i s s i s s i?Pi 

:1issourl 

�or.ta.na 

�lebr3.sXa 

'.'Ie;.J :1exico 

682 

1 80 

0 

0 
2 , 1 4 3  

J , :  J 2 
2 ,  07..l 

1 3 7  

3 ,  0 2 1  

l ,  109 

1 1 , 1 3 9  

l , 3 1 4  

2 , 2 5 4  

1: 3 7  

3 .  0 2 8  
1 , 109 

1 1 ,  2 3 2  

4 7 . �  

: 4 0  . 1  

0 .  2 

94 . 6 

1 3 .  s 

2 6 5 . 5 

1 2 . 4  

6 2 .  2 

l. 5 

3 1 .  2 
1 6 .  7 
19 . )  

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

Sou theasi: :-:ew 
Mexico 

�Jo::t:r..,,e s t  '.'iew 

�e:<i::o 

1 ,  9 9 ::.  U , 2 6 3  

�5 2 

1 2 , 2 5 4  2 4 1 . 7  19 . 7  

l , 22 9  2 3 . a 

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

�!ew Yor.k. 

:hio 
Okla::oma 
?enr.�yl·.:3.nla. 
:'enne s3ee 

Texas 

2 � 3  

3 0 2  

J , 3 i 9  

7 5  

3 1. 

2 C , J 6 3  

5 , 4 7 5  

l ,  2 4 5  

l � . 8 4 7  

5 7 , 969 

3 0 , 3 2 5  

56 

1 4 1 , 01 1  

5 , �7 5  

:. ,  488 

1 5 .  : 49 
7 1 , 343 

3J, 900 

87 
1 6 0 , J74 

2.  9 

S J . S  

43..;, . 2 

'. O .  3 
J .  5 

l , 46 1 . 0  

C . 5  

6 . ... 
0 . 2  

5 .  7 

2 1 . 5 
-- - ------- - -- --------------- ------ -- ---- - - -- ---------------- -- ---- - ----- -

C' i 3tri::ts : 
1 .  S .  Ce�tral 3 1 1  
' ·  �iddle 4ul : l , 4 3 9  
3 .  ;p?er � u l f  1 , S9 S  

4 .  Lc·,...er Gul.£-s . :.; .  2 , :JS J  

� .  E .  C;��=al 1 5 4  

5 .  �or-::.:-:eas � 5 ,  3 7 3  
7- R .  � - :en�r�l 681 
--c. f'. -:a:r:::.-al 907 

8. �·<es': 3 , 5 79 

3 .  �:or-:h l ,  2: 7 
l C' .  :'3.n::andlc 

3, 7 2 9  
3 ,  J?l  
"'! '  7 5 2  

5,  J99 
2 , J S 9  

l! , 4 3 5  

9 ,  6 7 1)  

0 '  :; :; ..)  
<t 9 ,  5 8 5  
2 3  ' � 67 
l l , 2 � 1  

:..o ,  S<!2 
-i,  5 1 2'  

..., , l. 5 2  
2 , 5 1 3  

:.. s ,  3 1 3  
le , 3 :i l  

7 '  ·!60 
3 3 , .!.6 5  
24 ' �84 

5 2 .  5 
1 96 . 1  

5 7 . S  

q J l . -;  
100 . 2 

5 6 .  J 
:... • 7 3 6  . ... 

1 .: 6 .  J 
::;3 , 5  

5 .  '.) 

..:, 3 .  5 
4 9 . 0 
20 . 2  
2 2 . 3 
2 3 .  3 

9 .  i 

.) L. . , 
-L 7 

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

·;e.an 
'.·:a s -:  "i:'.!" :; .:. � i a.  

"Hyc;:i l:-!';' 

:':�e!" .:: : a. t � s  

S our c e : 

23 0 
: J ,  53:: 

� .  : s c  

'vo r l d  O i l  

: , 2 1. ?  

3 .  6 3 6  
3 7  

..;.'34 , .3 3 2  

� 9 9 ,  3 6 0  

( F ebruary , -.L ::J I 

38 . :  

.. ;s . 

- • 3 

:a . .; 

1 9 7  s )  1 0 6 . 
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F i gure IV- 2 . Ar t i f i c i a l  l i f t . ( Ame r i c an P e tro l e um 
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o f  rods ( s ucker rods ) to a me chan i c a l  apparatus on the 
sur face which moves the pump up and down in the we l l , 
providing the moti on n e c e s sary for pumping . 

E l e c tr i c  s ubmer s i b l e  pumps are centri f ug a l  pumps 
that are lowered to the bottom o f  we l l s , where they b u i ld up 
pres sure s u f f i c ient to l i f t o i l  to the surface . Subsurface 
hydrau l ic pump s are also bottom hole pump s . They operate on 
hydraulic power s upp l ied by an engine-driven pump on the 
sur face . 

I n  the p lunger l i f t  method a s te e l  p l unger i s  ra i s ed 
f rom the bottom o f  the we l l  to the top by compre s s ed g a s  
i n j ec ted below the p l unger . As the p lunge r r i s e s  it pushes 
the column of o i l  above it into the f low l ine a t  the surface . 

I n  the gas l i f t method , compre s s ed ga s , u s ua l ly natural 
ga s from the s ame we l l  or f rom a ne arby f i e ld , is i n j e c ted 
into the o i l  column . There it mi xe s with the o i l , expands , 
and d i s p lace s the o i l  upward in the we l l .  O i l  above the 
in j e c t ion po int i s  l i f ted , and rai s ed to the surf ace by the 
expand ing g a s . In Texas i n  1 9 7 4 , 3 , 7 3 9 , 1 0 5  thous and cub i c  
feet (MCF ) o f  natural gas were i n j ec ted in o i l  recovery 
operations . 1 0  

A l l  o f  the art i f i c i a l  l i f t  techn iques require on - s i te 
engine s to s upply power . The e l ectric s em i s ubmers i b l e  pump 
contains i t s  own e l ectr i c  motor . The walk ing beam pump 
need s an engine to provide mechan i c a l  powe r ; s ub s urface 
hydraul i c  pump ing require s a s ource o f  hydraul i c  powe r ; and 
plunger l i f t and gas l i f t method s require compre s s or s . The 
eng ines u s ed for the s e  purpo s e s  are e i ther g a s  or e le c tr i c , 
depending l arge ly on the ava i l ab i l i ty o f  the d i f ferent 
fue l s . 

2 . 3  S econdary Recovery Waterf lood ing 

In wa terf lood ing , wa ter i s  pumped dow� i n j e c t ion we l l s  
i n  orde r to dr ive o i l  toward p roduc ti on we l l s . Depending on 
the ava i l ab i l ity o f  wa ter and on the quan t i t i e s  requ i red , 
water i s  obtained e i ther from the re s e rvo ir i t s e l f , from 
we l l s  dr i l led in ne arby forma t i on s , or from s ur f a c e  wa t e r  

1 0  
· 1  d . ' Ra i roa Commi s s ion 

and Gas D ivis ion , 1 9 7 4 . 
o f  'I' e x a. :: , .,;11 t1 u � 1 �,(:�; ::.i c  �--:- � c, ·: :_:: �-i -.? \j _!_ ..... 

-- ------------------·-·--·-------·- - ----
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s upp l ie s . Water i n j e cted per barrel  o f  o i l  recovered var i e s  
widely , depending o n  inj e c tion con f i gura t ion and format ion 
characte r i s t i c s . For e xamp l e , i n  1 9 7 4 , 1 . 4  b arre l s  o f  water 
were i n j e c ted into the S awtooth formation of the Bowe s F i e ld 
in Montana per barrel o f  o i l  produced ; the Tyler forma t ion 
in B ig Wal l  F ie l d , Montana , required 2 3 . 5  barre l s  of water 
per barre l of o i 1 . l l  At the North Burbank f ie ld in Okl ahoma 
in 1 9 7 4 , 7 7 . 2  b arr e l s  o f  water were in j ec ted for e ac h  barre l 
o f  o i l  retr ieved . The f ie ld produced approximate ly 6 , 5 0 0  
barr e l s  o f  o i l  per day . 1 2  � 

Water i s  p iped from the water s upp ly to a water s t at ion , 
where i t  i s  treated , i f  nece s s ary . Wate r qua l ity require 
ments for i n j ec tion water are f a i r l y  str ingent . O xygen 
content mus t  be low -- under 30 ppb -- in order to avo id 
corro s ion o f  tubing and equ ipment . Suspended s o l i d s  mus t  
a l s o  be l o w  - - l e s s  than 5 ppm - - or p l ugg ing o f  t h e  i n j e c t ion 
we l l s  may re s u l t , which nec e s s itate s the use of gre a ter and 
greater i n j e c t ion p r e s sure s to achieve adequate produc tion 
rates . Sul f ate content mus t  a l s o  be low , or reducing bacte r i a  
i n  the r e s ervo ir may generate dangerous amount s  o f  H2 s ga s . 

Fo l lowing treatment , the water i s  pumped out under 
pre s s ure f rom the c entral in j e c t ion p l ant to a s urround ing 
network of i n j e c t ion we l l s .  E conomic factors d i c tate the 
s i z e  of the area covered by a s ingl e  in j e c tion p l ant . I n  
gene ral , an i n j ection f ac i l ity c a n  provide wa ter for in j e c 
tion wel l s  within a 2 -mi le radius . Po s i t ive -d i s p l acement 
plunger pump s , centr i fugal p ump s , or turb ine s are us ed to 
s upply water at p r e s sure s up to 6 , 0 0 0  pounds per s quare inch 
( p s i ) . S i ng l e  pump s are c apable o f  de l iver ing 2 , 8 4 4  bb l/day 
at 5 , 6 4 0  p s i , or up to 2 6 , 6 0 0 bbl/day at 6 0 0  p s i . 1 3  Several 
pump s are usua l ly connected i n  paral le l  to provide nece s s ary 
f low rates . Pump s are usua l l y  powered by e le c t r i c  mo tor s , 
al though mul t i -cyl inder natural gas engine s are a l s o  us ed . 

1 1  
S tate o f  Montana , Annual Revi ew for the Year 1 9 7 4 . 

1 2 
Okl ahoma Corporat ion Commi s s ion , O i l  and Gas  Con s er -

vation Department , Okl ahoma : Secondarv Recovery and Pres s ure 
Maintenance Operations - January 1 ,  1 9 7 5 . 

1 3
o i l  We l l , D iv i s ion o f  U . S .  S te e l  Corporation , 

" :1a c h inery and Equ i pm2nt Catalog ; 1 9 7 6 - 1 9 7 7 , "  p .  4 4 9 8 . 
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Mo s t  wate r f  lood r e s e rvo ir s  requi r e  arti f ic ia l  l i f t  to 
produce o i l . P ump ing methods are s im i lar to tho s e  used i n  
pr imary re covery . The fo l lowing two paragraphs d e s c r ibe two 
f a i r l y  typ ical large water f lood pro j e c t s . 

The f a c i l i ty a t  the l arge Wi lmington F i e l d  in Cal i forn i a  
i s  a n  e xamp le o f  a wate r f lood pro j ec t . I n  1 9 7 4 , 5 2 7 , 2 8 4 , 8 2 8  
barr e l s  o f  water were in j e cted i n  the recovery o f  6 5 , 3 3 5 , 8 0 1  
barr e l s  o f  o i 1 . 1 4  Appro ximately 1 . 5  mi l l ion barre l s  o f  
water were i n j e cted per day f rom 1 9  i n j ection p l ant s . 15 

Water was der ived f rom a number o f  source s .  Produced water 
wa s the mai n  water source . I t  was treated be fore i n j e c tion 
to l e ave only 5 ppm of o i l  and 5 ppm suspended s o l i d s . Fre s h 
water w a s  used t o  s uppl ement the s upply o f  produced wate r , 
and to reduce H2 S gene r a t ion . I t  was u sed with rel uctance 
due to i t s  h igh co s t  and l imited ava i lab i l ity . An a ttemp t 
wa s made to i n j e ct f i l tered s e awate r .  Thi s  water required 
treatment with corro s ion inhi b i tor s , bacter i c ide s , and 
oxygen s c avenge r s . I n  s p i t e  o f  the tre atme nt app l ied , many 
di f f ic u l t i e s  we re e xper i enced inc luding corro s ion , i n j e ct ion 
we l l  p lugging , and H2 s formation . Secondary s ewage e f f l uent 
was also tr ied , but f a i l ed a s  a re s u l t  of i n j ec tion we l l  
p lugging . Pos s ib i l i t i e s  o f  us ing ter ti ary s ewage e f f luent 
are now be ing i nve s t igated . 

The North Burbank , Oklahoma , f ield has been waterf looded 
for over 2 5  year s . 1 6  I n i t i a l l y  fre s hwater f rom the Arkan s a s  
River wa s u s e d  f o r  i n j e c t ion . S ince the late 1 9 6 0 ' s ,  however , 
the produced water y i e l d  wa s large enough to provide s u f  f i 
c i en t wa ter for i n j ection purpo s e s . The br i n e  i s  not tre ated 
at a l l ; c ement and p l a s t i c  we l l  c a s ings are u s ed i n  i n j e c t ion 
we l l s  to avoid corro s ion . E ighteen wa ter stations provide 
wa ter for 4 8 0  i n j e c t ion we l l s  di s tr ibuted over the 2 2 , 0 0 0  
acre f ie ld . S everal 8 , 0 0 0  bbl/day pump s are u s ed i n  e ach 
inj ection s tation , de l iver ing water at a pre s s ure s l ightly 
be low 5 0 0 p s i . The i n j ected water to oil produced ratio i s  
7 7 . 2 , 1 7  re f l e c ting the age o f  the deve l opment .  

1 4
cal i forn i a  Divi s ion o f  O i l  and Gas , 6 0 th Annual Repor t  

o f  the S tate O i l  and Gas  Superv i sor , Sacramento , C al i f . ,  1 9 7 5 . 

1 5 11water -Qua l i ty Control Pre s en t s  Cha l lenge i n  G i ant 
Wi lmington F ie l d , "  Oil and Ga s Jo urnal (Augu s t  1 6 , 1 9 7 6 ) :  1 1 5 . 

1 6  
1 . . . , 1 . k i:;i .  ld s Per sona commun i ca tion , B LL Die enson , • ie upe r -

v i s o r , North Burbank F i e ld , Phi l l ips Petro leum Company , 
Oklahoma , Septemb e r  1 ,  1 9 7 6 . 

1 7  
kl h . C . . Okl h S 

-
O a oma Corporation omrni s s ion , a oma econaary 

Recovery and Pre s s ure Maintenan c e  Ope rations . 
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2 . 4  Secondary Recovery - - Gas I n j ec t ion 

Ga s i n j ection i s  s imi lar in princ i p l e  to waterf looding . 
Natural ga s i s  i n j e c ted into the produc ing res ervo ir under 
pres s ure . Gas i n j ect ion can s e rve e i ther to ma inta i n  re s ervo i r  
pre s s ure at a level adequate t o  s u s tain a n  economic a l ly 
acceptab l e  level o f  produc t ion or to dr ive o i l  through the 
res ervo ir toward the produc ing wel l s . I n  mo s t  c a s e s  o i l  
from the s e  we l l s  mus t b e  pumped . G a s  i n j e c t ion i s  generally 
not a s  e f f ic ient a techn ique as  water f l ooding for improving 
rec overy of o i l  and is us ed only where s upp l i e s  o f  gas are 
read i ly ava i lab l e . 

I n j e c t i on ga s can b e  c a s in ghead gas f rom the producing 
format ion , or i t  c an b e  gas p iped i n  from another forma t ion 
in the v i c i n i ty o f  the i n j e c t ion proj ect . I n  s ome ins tances  
natural gas is  purchased for i n j e c tion purpo s e s  when a local 
source is unava i lable . Gas doe s not u s ua l ly require any 
tre atment prior to i n j e c t i on . 

Gas i n j e c t i on accounts for only a sma l l  proport ion o f  
total s ec ondary recovery . I n  Montana , three gas i n j e c ti on 
pro j ects were in operation i n  1 9 7 4 , produc ing a total o f  
1 , 1 9 5 , 3 0 3  barr e l s  o f  o i 1 . l 8  During the year , 8 , 5 7 8 , 0 0 0  
thous and cub ic f e e t  o f  gas were i n j e c ted into the three 
f i e ld s , wi th i n j ec ted ga s to produc ed o i l  rat i o s  of 0 . 1 6 2  
MCF/bb l ,  1 . 8 7 3  MCF/bb l ,  and 1 . 3 3 4  MCF/bb l .  Gas i n j ec tion 
accounted for only 3 . 4  percent o f  Montana ' s  total 1 9 7 4  
produc t ion . I n  Oklahoma in 1 9 7 4 , 1 4  gas i n j e c t ion pro j e c t s  
produc ed a t o t a l  o f  2 , 6 3 2 , 1 8 7  barre l s  o f  o i l  ( 2 . 6  perc ent o f  
the s tate ' s  s e condary produc t ion , or 1 . 5 percent o f  to tal 
produc tion for the year ) . 1 9  Thirteen gas i n j e c t ion pro j e c t s  
we re in operation i n  Wyoming dur ing 1 9 7 5 . 2 0  

I n  Texas , at 4 2  gas i n j e c t ion pro j e c t s  6 2 , 4 4 6 , 1 8 9  MCF 
o f  gas were inj ected i n  1 9 7 4 . D a i ly average i n j ec t ion rates 
ranged f rom 2 3  MCF /day to 6 , 0 3 4  MCF /day . At the Archer 
Coun ty Re gular F i e ld ( in j ection rate = 2 3  MCF /day ) , 4 . 1  
cub ic feet were i n j e c ted per barrel o f  o i l  produc e d ; a t  the 
Harpe r  ( D evon i an ) F ie ld ( 6 , 0 3 4  MCF/day ) 4 . 0 5 9  MCF were 

1 8  
S tate o f  Montana , Annual Rev iew for the Ye ar 1 9 7 4 . 

1 9  
Oklahoma Corporati on Commi s s ion , Ok lahoma Secondary 

Recove ry and Pres s ure Maintenance Ope ra t ions . 

2 0  . 
· 1  , G 

. 
C 

. . 
Wyoming O i  ana as  Cons ervation ommi s s ion , 

O i l  and Gas S tati s ti c s  - 1 9 7 5 , "  C a s pe r , Wyoming . 
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i n j ected per barr e l  o f  o i l  produc e d .
2 1  

T h i s  thous and - fold 
d i f fe rence in y i e ld per c ub i c  foot of  gas i n j e c ted i l lu s 
trate s the wide range o f  recovery e f f i c ienc i e s  obs erved 
among gas i n j e c t ion pro j ec t s . 

2 . 5  S tr ipper We l l s  

S tr ipper we l l s  are , by de f i n i t ion , we l l s  whi c h  produce 
1 0  barr e l s  of o i l  per day or le s s . S tr ipper p r i c e s  are not 
regul ated under any of the a l te rnat ive s e xamined , al tho ugh 
s t r ipper production enters into the formula for c ompo s ite 
price . 

Thus , no c hange s  i n  s tripper production are e xpected 
a s  a result of  the pric ing po l icy f in a l ly adopted . 

2 . 6  Deep Hor i zon We l l s  

Deep hor i zon we l l s  are de f i ned for th i s  ana ly s i s  a s  
we l l s  deeper than 1 5 , 0 0 0  f e e t . At p r e s ent , the re are re la
tive ly f ew producing deep hor i z on we l l s  i n  the United S tate s . 
The h i ghe s t  conc entration o f  the s e  we l l s  occurs i n  Southern 
Loui s iana -- both onshore and in the near o f f shore . Out o f  
the tota l numbe r  o f  producing f ie ld s  in Loui s i ana ( about 
4 , 6 8 0 ) , only s ome 1 5 0  are deep hor i zon . 2 2  S ix deep ho ri zon 
f ie ld s  produce 3 5 . 5  percent of Alabama ' s  total production . 
F lo r ida and Mi s s i s s ip p i  a l s o  p roduce f rom deep we l l s . 2 3  

S ince 1 9 6 6 , the number o f  U . S .  we l l s  d r i l l e d  to 1 5 , 0 0 0  
f e e t  or deeper has hovered at around 4 0 0  we l l s per y e ar . 
T h i s  rate reached a peak i n  1 9 7 2  o f  4 8 6  we l l s  and dropped 
to 4 0 5  we l l s  in 1 9 7 4 2 4 ( s e e  T ab l e  I V- 3 )  

2 1 Rai lroad Comm i s s ion o f  Texas , Annual Report o f  the O i l  
and G a s  D ivi s ion and O i l  and G a s  Annual Produc t ion b y  Ac t ive 
F ie lds , 1 9 7 4 . 

2 2
I nternational O i l  Scouts A s s o c i ation , I nternational O i l  

and Gas Deve lopment , Vo l . 4 6 , Part I I , 1 9 7 6 . 

2 3
I nternational O i l  Scouts As soc iation , I nternat iona l O i l  

and Gas Development , 1 9 7 6 . 

2 4  " Deep We l l  Dr i l l ing Dec l in e s  Again , "  Wor l d  O i l  ( February 
1 5 , 1 9 7 5 ) : 9 1 . 
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Deep we l l s  are e i ther natur a l ly f l owing o r  pumped . 
S econdary technique s are not norma l ly app l ied to the we l l s  
because o f  the i r  extreme depth . Gas l i f t  i s  the pre f e rred 
method for pump i ng deep we l l s , l argely because s ucker rod 
s trings long enough to reach the we l l  bottom are unw i e ldly 
and wi l l  not f unc t ion prope r ly . 

3 .  Envi ronmental Impacts  

3 . 1  Atmo sphe r i c  Emi s s ion s  

The only s ourc e s  o f  atmo spheric emi s s ions a s s o c i ated 
w i th convent iona l rec ove ry methods are the engines needed 
for ar t i f i c i a l  l i f t  and for f lu id in j ec t ion . Gas powered 
eng i n e s  could degrade a i r  qua l ity by gene rating NOx emi s s ions . 
As a rule th i s  i s  not a problem . Gas i s  u s ed a s  a fuel  when 
there i s  a convenient source nearby s uch as c a s inghead gas 
f rom the we l l  i t s e l f  or from a nearby f i e l d . I n  recent 
years , there has been a decre a s e  in the use of gas as  a fue l 
in f avo r o f  e le c tr i c i ty , wh ich i s  mo re unive r s a l ly ava i lable . 
I n  re lative ly dev e loped , or urban areas , whe re a i r  qual i ty 
i s  very s en s it ive to inc remental pol lutant l oadings , e l e c t r i c  
mo tors a r e  a l so u s ed . 

The only pr ime move r s  used in pr imary produc t ion are 
� s soc i ated with arti f ic i a l  l i f t equipment . Mo s t  of the 
produc tion pump s are wa lking beams . The s e  gene ra l ly operate 
on e le c tric  mo tors i n  the 2 0  to 25  ho r s epower range . Max imum 
s i z e  of walking beam engines i s  about 9 0  hor s epowe r . 

Waterf looding requires i n j e c tion pump s as  we l l  a s  
produc tion pump s . The s e  pump s , as  ment ioned earl i e r , are 
dr iven by e le c tric mo tors or by mul t i -cyl inder gas engine s . 
One engine i s  ne eded for each pump , and s ever a l  pump s c an be 
lo cated at a s ingle in j ec t ion p lant . P ump s require up to 
3 0 0  brake hors epower , depending on the s i z e  of the p ump and 
the operating rate . S ever a l  pump s can b e  c l u s tered in a 
s ingle location in order to provide a required f low rate . 
For examp l e , in the Web s ter F i e l d  i n  Texas , three pump s 
with a to tal o f  4 , 2 0 0  hor sepower are u s ed a t  a s ingle p lant 
i n j e c t ing 5 0 , 0 0 0  barr e l s  of water per day . 2 5  The l arge 
Wi lmington F i e ld in C a l i forn i a  us e s  1 0 3  pump s in 1 9  in j e c t ion 

2 s  
1 

. . 
- P er sona comrrmn i c a  t .l.on , 

F r i endswood P roduc t ion O f f ic e , 
1 9 7 6 . 

Jack C o f fman , Engineering Manage r , 
Exxon Corporat ion , Sept emb e r  3 ,  
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s tations to i n j e c t  1 . 5  mi l l ion b b l /day o f  water . Twenty � f 
2 6  

the pump s are powered by natural gas ; the re s t  are e l e c t r i c . 

Compre s so r s  u s ed for gas i n j e c t ion a l so require pr ime 
movers . E l e c tr i c  mo tors and gas engines are both u s ed , 
depending on the ava i l ab i l i ty o f  gas and e le c tr i c i ty . 
Compre s so r s  range i n  s i z e  from 2 0 0  to 4 , 0 0 0  hor s epower . As 
is the c a s e  with water i n j ect i on , s everal compre s s o r s  are 
o f ten coup led together to p roduc e s u f f i c i ent pres s ure and 
vo l ume f low rates . The Web s ter F i e ld has two s ep arate 
compre s sor s tations , each i n j ecting into a s ingle we l l . A 
tota l o f  1 1  comp re s sors requiring 7 , 0 0 0  horsepower are u s ed 
to s upply the gas at the nece s s ary p re s s ure o f  2 , 1 0 0  p s i ;  
4 0 , 0 0 0  MCF/day o f  methane are i n j ec ted into the re s e rvo ir ' s  
gas cap . 2 7 A l l  o f  the compre s so r s  in this  f i e l d  are natur a l  
gas powered . 

The e le c tr i c  mo tor s  used to power produc tion and 
inj ection p ump s and gas compre s s ors do not pres ent an on-
s i te envi ronmental prob l em . Gas engine s , on the o ther hand , 
do pos s e s s  a pote n t i a l  for degrading a i r  qua l i ty by gene rating 
various emi s s ions , particularly oxides of �i trogen . The 
s ign i f icance of the impact i s  determined ma i n ly by the s i z e  
and the spatial  d i s tribution o f  the eng ine s . P rob l ems 
a s s o c i ated with natur a l  gas engine s are d i s c us s ed in S e c tion 
IV . E .  

3 . 2  Wa ter Con s umption 

Water f looding i s  the only conventional recovery technique 
that requires l arge vo lume s o f  wate r . The gre a t  bulk o f  
i n j ec ted water i s  trea ted s a l t  water - - e i ther produced 
water f rom the wate r f lood p ro j e c t  i t s e l f  or s a l t  water 
obtained f rom we l l s dr i l l ed into ne arby formation s . U s e  o f  
produced water for i n j e c t ion not only ful f i l l s  p roduc tion 
requiremen t s , i t  a l s o  ame l iorates the brine d i s po s a l  prob lem . 
U s e  o f  b r ine as  the ma j or i n j e c t i o n  water s ource i s  expec ted 
to cont inue as new water f lood p ro j e c t s  are i n i t i ated in the 
future . F re s hwater use is l imited because in many cas e s  i t  
i s  un s u i tab le d u e  to the mineralogy o f  t h e  res e rvo i r  and 
because it is con s iderably mo re expens ive . Other s ourc e s  o f  
water are be ing experimented with , but none have yet proved 
who l ly s uc c e s s ful . The s e  inc l ude f i l tered and treated oc ean 
wa ter and s e condary and tertiary s ewage e f f l uent . 

2 6 1 1 wa t e r -Qu a l i ty Contro l P r e s ents Cha l l enge in Gian t  
Wi lmington F i e ld , " 1 9 7 6 . 

2 7
P e r sonal commun i c at i on , Jack C o f fman . 
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3 . 3  Brine D i s po s a l  

D i s po s a l  o f  brine produced along w i th the o i l  i s  a 
prob lem a s s o c i ated w i th a l l  me thods o f  o i l  recovery . The 
ratio o f  water produc ed to oil produc ed varie s  from we l l  to 
we l l  over an extreme ly wide range . In C a l i forn i a ' s  D i s tr i c t  
l i n  1 9 7 4 , the percen tage o f  wa ter in total produc t ion 
ranged f rom nearly 0 percent to almo s t  1 0 0  percen t . 2 8 The 
amoun t of brine produced depends on the nature and origin o f  
the produc ing forma tion and o n  the age o f  deve lopmen t .  Brine 
d i s p o s a l  i s  treated in detai l in S e c t ion IV . D . 

2 8
c a l i forn i a  D i v i s ion o f  O i l  and Gas , 6 0 th Ann u a l  Report 

o f  S tate O i l  and Gas  Supe rvi sor . 
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B .  O f f shore 

1 .  I ntroduc tion 

Oil produced at many p l a t fo rms located in coa s t a l  
water s  i s  accompanied b y  water from the o i l -containing 
r e s e rvo irs . This wate r , referred to var ious ly a s  " produc ed 
water " ,  " fo rmat ion water '' , or " o i l f i e ld brine " , contains 
high concentration s , relative to sea water or to water 
qua l i ty c r i te r i a ,  o f  c ertain ions s uch as sodium , c a l c ium , 
and chloride , and l ow conc entrations o f  a numb e r  o f  s ub 
s tanc e s  inc lud i ng o i l  hydro carbons a n d  a var i e ty o f  trace 
me tal s .  The produced water may be d i sposed o f  in various 
ways . Cali forni a  prac t i c e  i s  to pipe a l l  o i l f i e ld b rine to 
ons hore fac i l it i e s  for trea tment and d i s po s a l  onshore . I n  
the Gul f  o f  Mexi co reg ion , produced water i s  o ften s eparated 
from o i l  a t  the produc tion p l a tforms themse lves and di spo s ed 
of by b e ing d i s c harged di rectly into the adj acent waters . 
Produc t ion water from other p latfo rms i s , l ike C a l i fo rn i a , 
piped a s hore for treatment and d i spos a l , s ome t ime s b y  r e 
i n j e c tion and some t ime s b y  d i scharge into nearshore coastal 
wate r s . S ince the o i l  hydrocarbons and trace meta l s  contained 
in produced water may induc e toxic ( lethal and sub l e thal ) 
e f fe c t s  on mar ine and e s tuarine organ i sms expo sed to them , 
i t  i s  important to a s s e s s  the impact o f  the di s charge o f  
produc ed water into coas t a l  waters . 

2 .  O f f s hore P roduc t ion Data 

There are three main dr i l l ing techniques current ly used 
o f f s hore . For waters up to about 3 5 0  feet the j ack-vp o i l  
r i g  i s  used . This r i g  has co l laps i b l e  legs whi ch are re
trac ted a s  i t  i s  f loated out to the dri l l ing s ite and which 
are then e xtended a t  the s ite unti l the p la t form is rai s ed 
above the wave s for dri l ling . The s emi s ubme r s ible r ig i s  
used a t  depths u p  t o  1 , 0 0 0  feet o r  more . Thi s r i g  i s  he l d  
in p l ac e  with l arge anchor s  and long mooring lines . For 
depths greater than 2 , 0 0 0  fee t  a dr i l l  ship is  used . I t  i s  
a nchored but addi tional s tabi l i ty i s  main t ained from thrus t
ers that compens ate for winds and currents . l 

After suc c e s s ful dri l l ing , product ion p l a tforms are 
e rec ted . The s e  mus t be attached to the bottom imp lying 

1
Ma s s achus etts I n s t i tute o f  Technology , " O f f s hore O i l : 

Techno logy and Emotion , "  Techno logy Review 7 4 ( 4 )  ( February 
1 9 7 6 ) . 
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increa s e s  in c omp lexity with water depth and s e a  cond i t ion . 
For coastal and re lat ive ly shal low wate r s , produc tion we l l s  
are s ituated o n  individual p latforms . The produc ed fluids 
from the we l l s  may then be brought a s hore or p iped to a 
c en tr a l  p l atform fac i l i ty for proc e s s ing . A l l  fac i l it i e s  
required for recovery a r e  o n  the s e  p lat forms , inc lud ing 
compre s sor stations for ga s l i f t we l ls , water tre atment 
f ac i l it i e s  for water f lood pro j ec ts , and s eparat ion and 
tre atment f ac i l it ie s . The cond i t i on of the s eas and c l imate 
also a f fect the de s ign of the p latform . Where seas  are 
rough and the c l imate is s evere enc losed p latforms with 
extra s tructural s upport are nec e s s ary ; in mi lder areas they 
are not . 2 

O f f shore o i l  produc tion in the Uni ted S tate s i s  c ur
rently conc entrated i n  three ma i n  areas : the Gu l f  o f  Mex ico 
adj ac ent to Lou i s iana and Texas , c o a s t a l  C a l i forn i a , and 
Cook I n le t , Ala ska . Tab le IV- 4 presents a l i s t  of the ma j or 
produc ing o f f  s hore f i e lds along with the number o f  we l l s  for 
each f ie ld , 1 9 7 5  o i l  produc t ion , and cumulat ive produc tion . 

3 .  Environmental Impac t s  

S ta t i s t i c s  o n  the quant i t i e s  o f  water produc ed a long 
with the o i l  vary in det a i l  and ava i lab i l i ty depending on 
location . The mo s t  comp lete records are tho s e  pub l i shed by 
the Re sources Agency of C a l iforn i a , which in i t s  Monthly O i l  
and Gas P roduc t ion Report g ive s o i l  and water produc t i on for 
every f i e l d  and area . Tab l e  IV- 5 g ive s for each d i s tr i c t  
the total number of barre l s  o f  o i l  and water , and percent 
produced water for February 1 9 7 6 . The Mon thly Report a l s o  
inc lude s s eparate s tati s t i c s  for o f f s hore produc t i on i n  
s tate waters and i n  F ederal O C S  wate r s . The February 1 9 7 6  
f igure s  are shown in Tab le IV- 6 . I t  w i l l  b e  seen from 
Tab l e s  IV- 5 and IV-6 that produc ed water make s  up a s i z ab le 
proportion o f  the total produc t ion ( o i l  and water ) .  The 
sma l le s t  proportion is 5 1 . 7  percent for Fede ral OCS waters . 
This  i s  perhaps due to the fact that product ion in Fede ral 
waters is  the mo s t  recent , s ince i n  general water produc t ion 
incre a s e s  with the age of the we l l . 

2
u . s .  Env ironmental Prote c t i on Agency , Deve lopment 

Document for Interim F in a l  E f f luent L imitations Guide l ines 
and N ew Source P e r formanc e Standards for the O f f shore S egmen t  
o f  t h e  O i l  and Gas Extrac t i on P o i n t  Source Category , September 
1 9 7 5 , pp . 2 0 - 2 1 .  
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TABLE IV-4 

MAJOR PRODUCING OFFS HORE F IELDS IN THE UN I TED S TATES 

1 9 7 5  CUMULJ\TIVE 
F I ELD PRODUCTION PRODUCTION 

STATE DI SCOVERY DA'l'E NO . WELLS ( M i l l ion ( M i l l ion 
B a r r e l s )  B a r re l s )  

A l a sk a  G r a n i te Po i n t  2 3  4 6 0  
McAr thur R i ver 5 7  4 1  2 9 4  
M id d l e  Ground S h o a l  3 5  8 9 G  

Ca l i fo r n i a  Dos Cuadra s , 1 9 6 0  1 2 3  1 4  l l 6  
S a nta Y n e z , 1 9 7 0  
H u n t i ng to n  Beach , 1 9 2 0  1 , 0 9 7  1 7  9 4 1  
W i lm i n g to n , 1 9 3 2  2 , 2 4 9  6 6  1 , 7 4 7  

Lo u i s i a n a  Bay Marchand B k . 2 

H ( I nc l .  Onshore ) , 1 9 4 9  1 9 5  2 2  4 5 2 

< Eugene I s land Bk . 1 2 6 , 1 9 5 0  5 0  4 9 3  

I Eug e ne I s la nd B k . 3 3 0 , 1 9 7 1  1 3 G  2 8  G B  
N E ug e ne I s l a nd Bk . 1 7 5 ,  1 9 5 6  6 0  5 4 2  (JI Eugene I s l a nd Bk . 2 7 6 , 1 9 6 4  G O  4 5 1  

Grand  I s le B k . l G ,  1 9 4 8  7 7  1 1  2 2 2  
Grand  I s le B k . 4 3 ,  1 9 5 6  2 2 0  17 1 8 1  
Grand  I s le Bk . 4 7 ,  1 9 5 5  G 5  3 6 8  
Ma i n  P a s s  B k . 3 5 , 1 9 5 1  G 6  1 8 1  
Ma i n  P a s s  B k . 6 9 ,  1 9 4 8  l l  7 G 1 9 6  
Ma i n  P a s s  Bk . 3 0 6 , 1 9 6 9  1 2 4  5 3 7  
S h i p  S hoa l Bk . 2 0 4 , 1 9 6 8  4 8  4 3 1  
S h i p  S h o a l  Bk . 2 0 7 , 1 9 6 7  4 9  5 4 9  
S h i p  S h o a l  Bk . 2 0 8 , 1 9 6 2  7 3  8 1 0 1  
S o u th M a r sh I s l a nd B k . 7 3 ,  1 9 6 3  4 1  3 4 4  
Sou th P a s s  Bk . 2 4  ( I nc l . Onshore ) , 

1 9 5 0 4 3 4  1 3  3 8 4  
South P a s s  Bk . 2 7 ,  1 9 5 4 3 2 7  9 2 G 8  
South P a s s  Bk . 6 2 ,  1 9 6 5  6 1  5 5 4  
S o u t h  P a s s  B k . 6 5 ,  1 9 6 9  G 5  8 5 5  
T imba l ie r  B a y  B k . 2 1 , 1 9 5 9  1 6 9  G 1 6 5  
Wes t D e l t a  B k . 3 0 ,  1 9 4 9  1 9 4  1 8  3 3 0  
West De l t a  Bk . 5 8 , 1 9 6 4  7 0  9 4 7  
We s t  D e l ta Bk . 7 3 ,  1 9 6 2  l l 2  8 1 3 6  

Source : Oi l and Ga s Journa l ( May 3 I 1 9 7 6 ) . 
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TABLE IV-5 

O I L  AND P RODUCED WATE R ,  FEBRUARY 1 9 7 6 , 
FOR CALI FORN IA PRODUCT ION D I STRICTS 

TOTAL BARRE LS TOTAL BARRELS 
NO . O I L  WATE R  PERCENT WATE R  

9 , 4 6 9 , 1 5 5  6 4 , 9 1 7 , 6 3 6  8 7 . 3  

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

2 , 3 3 5 , 1 1 3  1 7 , 5 3 2 , 7 9 0  8 8 . 2  

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

8 5 9 , 3 3 3  6 , 3 4 6 , 7 1 7  8 8 . l  

2 7 , 5 3 3  2 0 9 , 7 5 2  8 6 . 5  

STATE TOTAL 2 4 , 3 6 1 , 6 7 5  1 5 4 , 4 8 5 , 8 4 8  8 6 . 4  

Sourc e : Re sourc e s  Agency o f  C a l i fo rn i a , Department 
of Con s e rvation , Divis ion of O i l  and Gas , Mon thly O i l  
and Gas Produc t ion Report , S ac ramen to , C a l i f . , February 
1 9 7 6 .  
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TABLE IV-6 

OFFSHORE PRODUCT ION FOR CAL I FORNIA , 
FEBRUARY 1 9 7 6  

BARRELS OIL BARRELS WATE R  PERCENT WATE R 

Coastal Reg ion 2 8 3 , 4 6 1  7 3 0 , 2 5 4  7 2 . 0  

Lo s Ang e l e s  Region 4 , 5 8 0 , 9 6 4  2 4 , 7 4 7 , 5 6 8  8 4 . 4  

S tate Total 4 , 8 6 4 , 4 2 5  2 5 , 4 7 7 , 8 2 2  8 4 . 0  

Federal OC S 1 , 1 5 3 , 9 1 4  1 , 2 3 2 , 9 0 6  5 1 . 7 

Source : Re source s Agency o f  C al i fo rni a ,  Monthly O i l  
and Gas Produc tion Report , February 1 9 7 6 , p . 1 7 .  
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For the Gu l f  of Me xico p roduction , such de ta i led f igures 
do no t appear to be ava i lab l e . E s t imate s can be dev e loped 
from seve r a l  sourc e s , howeve r . A recent s tudy o f  hydro 
carbons i n  Gul f  o f  Mexico waters i nd icates a d i s c harge o f  
about 8 9 0 , 0 0 0  bbl/day ( 1 5 x 1 0 7 l i ters/day ) within the 3 -m i l e  
l imit and a d i s charge o f  about 2 7 5 , 0 0 0  bb l/day ( 4 . 6  x 1 0 7 

l i ters/day ) into far o f f shore wa ters , that i s , wa ter s  beyond 
the 3 -m i l e  l imit . 3 The latter va l ue i s  cons i s tent with an 
e s t imate provided by the U . S .  Geological  Survey ; they e s t ima te 
that about 8 0 0 , 0 0 0  bb l/day o f  o i l  and about 6 0 0 , 0 0 0  bbl/day of 
water are produc ed beyond the 3 -mi le l imit , and that about 
ha l f  o f  the water i s  shipped ons hore for treatment and d i s 
pos a l . 4 Thus , about 3 0 0 , 0 0 0  bbl/day o f  produc ed water would 
be d i s charged into far o f f s hore waters . 

I n  Alaska , the perc entage o f  produc ed water to total 
produc tion o f  o i l  and water appears to be s omewha t  lower . 
The recent

5
Draft Environmental Impact S tatemen t  for Lower 

Cook I n l e t  g ive s a to t a l  o f  6 5 1  mi l l ion bar r e l s  of o i l  and 
8 4  mi l l i on barre l s  of water produced i n  the per iod of 7 . 5  
years o f  comme r c i a l  operat ion through 1 9 7 4 . Thus , produc ed 
water repre sents 1 1  percent of total f l u id p roduc t ion . 

O i l f ie ld brines  contain high c oncentrations o f  three 
princ i p a l  cat ions - - sodium , magn e s ium , and calc ium -- and 
one pr inc ipal anion -- c h loride . The high l eve l s  o f  the s e  
ions a r e  r e spons i b l e  for the high s a l i n i ty o f  mo s t  p roduc ed 
waters re lat ive to s e awater . The leve l s  o f  the s e  i on s  in 
b r in e s  and seawater are l i sted i n  Tab l e  IV- 7 . Although 
the se ions are o ften pre s en t  in larq e concent r� t ions , i t  i s  
important t o  note that the r a t i o s  o f  the conc e n trations o f  

3 
W .  Sackett and J .  Brook s , " Or i g in and D i s tr ibut ions 

o f  Low Mo lecular We ight Hydrocarbons in Gul f of Mex i co 
Coastal Waters , "  i n  Mar ine Chemi s try i n  the Coastal Environ
ment , ed . by T .  Church , Amer i c an Chemic a l  S o c i e ty Sympo s ium 
S e r i e s  1 8 , 1 9 7 5 . 

4
P e r s onal commun icat ion , Mr . Geo rge Tru s s e l ,  U . S .  

Geological Survey , Me ta i r i e , Lou i s ian a , Augus t  1 9 7 6 . 

5
Bureau o f  Land Management , Lower C ook I n l e t  Draft 

Environmental Impact S tatemen t ,  Vo l . 2 ,  Al aska Outer Con t i 
nental She l f  O f f i c e , P ropo s ed O i l  and G a s  Lea s e  S a l e , 1 9 7 6 . 
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TABLE IV- 7 

MAJOR CAT IONS AND AN I ONS IN OFFS HORE O I LF I ELD B R I NE 

CONCENTRAT I ON TYP I CAL BRINE 
I ON IN SEAWATER CONCENTRAT I ON 

( ppm ) ( ppm ) 

Na
+ 

1 0 , 5 0 0  4 0 , 0 0 0 - 5 0 , 0 0 0  

Ca++ 1 , 3 5 0  2 , 5 0 0 - 8 , 0 0 0  

Mg
++ 

4 0 0  5 0 0 - 3 , 0 0 0  

C l  1 9 , 0 0 0  5 0 ' 0 0 0 -- 1 0 0 ' 0 0 0  

Sourc e : Ene rgy Re sourc e s  Company I nc . , Bene f i t s  S tudy 
o f  E f f luent L im i t at ions  for the O f f s hore S egment of the 
O i l  and G a s  Extra c t ion Po int Source C a tegory , Dra f t  F i nal 
Report , for the U . S .  Env i ronmental P ro tec t ion Agency , 
Augus t  1 9 7 6 ,  p .  3 - 2 . 
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-------------------------------------- ----

the s e  ions in o i l f i e ld brines to the i r  concentr ations i n  
s e awater i s  of t h e  order o f  o n l y  5 or 1 0  t o  1 .  Hence a 
di lution o f  1 0  parts s e awater to 1 part o i l f i e ld brine wi l l  
br ing the i n i t i a l ly high concentrations o f  the ma j or ions in 
produced water down very c l o s e  to seawater concentration s . 
S ince s uch a d i lution i s  read i ly obtained in mo s t  forms of 
e f f luent d i s charge , the ma j or ions pre s ent l i t t l e  cause for 
concern i n  d i s c harge s o f  o i l f i e ld brine s into s e awater . 

The d i scharge o f  large quanti tie s of oi l f i e ld brines 
into enc l o s ed shal low near shore bays or tidal  creeks with 
low s a l i n i t i e s  may , of cour s e , alter the ecology of the 
rece iving waterbody s ince s a l inity is a key factor inf luenc ing 
the phy s io logy of mo s t  organ i sms . A s tudy G conduc ted by the 
Texas P arks and W i ld l i f e D epartment on o i l  produc t ion opera
tions i n  Ch i l t ip in Creek in Texas noted a s evere reduc t ion 
in the white s hr imp and b lue c rab popul ation s . This was 
attr ibuted to the hype r s a line condi tion s  produc ed by the 
di scharge of l arge quan t i t i t e s  of o i l f i e ld b r in e s . Such 
s i tuation s , however ,  are probab ly re lat ive ly uncorrunon j us t  
bec au s e  they draw attent ion to thems e lve s so read i ly . ( In 
the c a s e  o f  Chi lt i p in Creek , d i s charge was eventua l ly 
prohi b i ted . )  I t  appe ars s a f e  to s ay that , barring s ituations 
where brine di scharge to enc l o s ed waterbodi e s  is so great a s  
t o  rad i c a l l y  al ter t h e  s a l in i ty reg ime , the ma j o r ions 
pre s ent i n  produce d  water pre sent l i t t l e  cause for environ
men t a l  concern . 

The pr inc ipal caus e s  for conc ern regarding the d i scharge 
of o i l f ie ld brines into co astal  wate r s  are the me ta l s  and 
o i l  hydroc arbons pre sent in trace quant i t i e s . Trace me t a l s  
pre s ent in o i l f i e ld brines  inc l ude arsenic , cadmium , chromi um , 
copper , l e ad , mercury , nicke l , s i lve r , and z inc . T ab l e  IV- 8 
pre sents the concentrations o f  the s e  me t a l s  a s  me a s ured i n  
o i l f ie ld b r i n e s  i n  var ious geograph i c a l  regions . Al so 
inc luded i n  Tab le IV- 8 are the s e awater concentrations o f  
the s e  me ta l s , the ir corrunon chemical  forms , and the EPA 
max imum accep tab le conc entrat ion s . Further d i s c u s s ion o f  
the po tential impacts of trace me t a l s  and hydroc arbons 
dis charged into coastal wate r s  is contained in Appendix A .  

6 T .  He f fernan , " Pm Env ironmental Eva l uat ion o f  the 
Tert i ary Are a s  of Capano and S t . Char l e s  Bays , "  Part 1 ,  
P ro j e c t  Report , CE - 1 - 1 , An Ecological  Evaluation o f  Some 
Tr ibutar i e s  of the Arkan s a s  Bay Area ( Rockport , Texas : 
Texas P arks and W i ld l i fe Departmen t , 1 9 7 1 ) . 
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TABLE I V - 8  

PRODUCED WATE R CONS T ITUENTS 

PARAME T ER SEAUATE Ra BRl llES 111\T ER QUA L I T Y  CRITERIA L I H I T S·f 

HA X ! HUH H I N I HUH 

FORHb ALASKAd 
LA . AK . ACCEPTAOLE R I SK 

FORM PPM LOU I S  JANA' CAL I FORNIA' TEXAS' CONC ENT . e CONCENT . e CONCENTRAT IONS TllRESllOLD 
( ppm) ( ppm) (ppm) (ppm) RAT I O  RAT IO ( ppm) ( ppm) 

Ag Agc 1 2 - - . 0003 < . 0 1 0  . OJ < .01 - . 1 0  < 3 .  3 . 005 . 001 

As A·so4H-- . 003 HAs02 
- , H2As04 

-- < 1 - 1 . 404 . 001 - . 08 < . 0 1 - < . 02 <333 -468 . 05 . 0 1  

C d  Cd<+ . 0001 1 CdS04 ,CdCl 2 < . 005 - . 6 7 5  . 001  . 02 - . 1 8 < . 02- . 1 93 <45-6 1 36 736 . O l h  . 0002 

CN < . 01 - . 1 0 0- . 004 . 0 1  . 005 

Cr Cr04 , C r  3 + . 00005 < . 0 1 - . 1 0  .02- .04 < . 01 - . 2 3  <200-<200 . 1  . o 5 1  

Cu Cut t . 003 Org . Ac i d  S a l t  . 086 . 05 - . 1 1 6  < . 01 - . 38 28 . 7 . o5h . 01 

Hg llgC 1 2 , llgC1 4
- - . 00003 < . 0005 < . 002-< . 01 0  • 0005 - . 002 < . 0001 - . 1 3  < 1 6 .  7 < 4 - < 20 . 0001 

H 
<: N i  N i t +  . 0054 . 005 - . 430 . 1 - .  29 < . 0 1 - . 4 4  . 9 -79 . 6  . 1  . 002 
I w Pb Pb++ ,PbC l t  . 00003 Pb (HC03 )2 < . 01 - . 39 0- . 28 < . 0 1 - . 2 2  < 33 . 3- 1 300 . 0 5  . 01 

f--' 
Zn Zn++ . 0 1  ZnC 1 2 , ZnS04 . 2 7 7  . 0 5 - 3 . 2  . 1 - .  27 27 . 7  . l h . 02 

Ca Ca++ 400 2 , 4  7 Jg 3 ,  725 6 . 2  9 . 3  

Hg Hg++ 1 , 350 Hg++ 74 7g 1 4 5 . 8  . 55 . 1 1  

Ha Ila + +  1 0 , 500 Nat 44 ,6079 7 . 650 4 . 2  . 7 3 

Cl  C l  1 9 ,000 C l - 61 ,ooog 1 3 .  953 1 7 , 230 - 42 ,000- 3 . 2  . 7 3  2 1 ,000 6 2 , 000 
0 1 1  & Grea se 202g 36 5 6 -359 

Pheno l s  3 . 1 00 . 3 5 - 2 .  1 5 . 3  

BOO 603 370-1 ,920 1 26 - 3 4 2  

coo 1 , 6 7 1  400 - 3 , 000 1 02-582  
Tota l So l i ds 34 . 325 1 1 0 , 200 23 ,842 3 . 2  . 69 

TDS 1 1 0 ,000 23 , 402 21 • 700- 806-
40 , 400 1 69 ,000 

TSS 2 2 - 390 99 1 -60 1 2 -656 

TOC 4 1 3  

NOTE : Footnotes are on the f o l lowing page . 



FOOTN OTE S TO TABLE IV-8 

a 
M . G .  Gro s s , Oceanography : A View o f  the Earth ( Engle-

wood C l i f f s , N . J . : P re n t i c e -Ha l l , 1 9 7 2 ) . 

b
Gene A .  C o l l i n s , Geochemi s try o f  O i l fi e l d  Waters ( New 

York : E l sevier S c i enti f i c  Pub l i shing Co . ,  1 9 7 5 ) . 

c
U . S . Envi ronmental P rotection Agency , Deve lopment 

Doc ume nt for Inte rim Final E f f luent Limitati ons Guide l in e s  
and New Sourc e Per formance S tandards for the O f f  s hore Segment 
of the O i l  and Gas Extraction Point Source Category , 1 9 7 5 .  

d 
Val u e s  are aver ages  o f  va l u e s  from four permi t app l i c a -

t io n  forms s ubmi tted to U . S . Army Corps  o f  Enginee r s . S e e  
text . 

e
Concentrat ion Rat i o  = ( ppm B r i ne ) / ( ppm S e awate r ) . 

� LWat e r  Qua l i ty C r i t e r i a  l im i t s , Oc to b e r  1 9 7 3 ,  f rom 
Environme n t a l  S tudi e s  Board , U . S . E nv i ro nmen t a l  P ro te c t io n  
A g e n c y  - W a t e r  Qua l i ty C r i t e r i a  1 9 7 3 , 1 9 7 3 . 

g
Gene A .  Co l l i n s , " Geochemi s try o f  Some P e tro l e um 

As s o c ia ted Wa ters  from Loui s i ana , "  U . S .  Bur . M i n . Rep . I nve s t . , 
No . 7 3 2 6 , 1 9 7 0 . 

h
Synerg i s ti c  e f f e c t s  h av e  b e e n  o b s e rved 

copper , and z in c  are p r e s ent s imul taneo us ly . 
cond i t ions Ma ximum Accep tab l e  Conce ntrat ions 
reduced by an o rder o f  magn i tud e . 

whe n  c admi um , 
Unde r tho s e  

s ho uld b e  

i
Whe n  oys ters  are p r e s e n t  the Maximum Acc eptab l e  

C o n ce ntr a t ion s houl d b e  r educed t o  0 . 0 1 ppm . 

S ource : Ene rgy Re s ource s Co . I nc . , Bene f i ts S tudy o f  
E f f l ue n t  Limitations for the O f f s hore Segment o f  the O i l  and 
Gas Extraction Point S ource C ategory , p .  3 - 6 . 
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One conclus ion eme rging from the d i s cu s s ion given in 
Append ix A of the toxic e f fects  of produced water con
s t i tuents is that o i l f i e l d  brines are not innocuous and 
c anno t be regarded as mere ly concen trated s e awate r . The 
brines at the point of di s charge contain toxic sub s t ance s 
i n  concentrations more than s u f f i c ient to induce l e thal and 
s ub lethal e f fe c t s  which are po ten t i a l l y  damaging to the 
continued ma intenance and survival of a cons iderable number 
of  spec i e s .  Howeve r ,  the fact tha t  brine con s t i tuents c an 
i nduce toxic e f fects doe s  not in i ts e l f  indicate the extent 
to whi ch impacts can be expected to occur . To a s s e s s  the 
extent o f  the impacts due to o i l f i e l d  brine di sposal requ ires 
a knowledge o f  how large a region of the receiving waters 
c an be expe cted to be sub j ec ted to s i gn i f ican t  b rine concen
t ration s . The e s t imation o f  such impacte d  are as i s  a 
c omp l e x  matter invo lving , as i t  does , the interaction o f  the 
brine d i s charge ( r ate of d i s charge and brine compo s i tion ) ;  
p rope r t i e s  o f  the rece iving wate rs such as depth , area , 
current patterns , and tide s ; and the biota at the d i s charge 
loca tion . Furthermore , the re may be ri sks to human he a l th 
due to the bioaccumu l at i on o f  brine con s i tuen ts in s pe c ie s  
d e s t ined for human cons ump tion . 

Appendix A make s such an a s s e ssment for s eve ral typ i c a l  
case s , a s  examp le s . I t  mus t  be emphas i ze d  that the se c a l cu
l ations are only examp l e s ; no quanti tative a s s e s sment of the 
expec ted loca l impacts of any o f  the a l ternative s c enarios 
c an be made s ince the re i s  no way o f  determin ing whe re new 
we l l s  wi l l  be pl aced or where p roduc t i on from e x i s ting we l l s  
wi l l  be incre a s e d  or decreased . Ant i c ipating the produc t ion 
con sequenc e s  of the alternative s trate g i e s  ( Ch apter VI ) , the 
f o l l owing general conc lus i on s  can be drawn . No imp act r e l a
t ive to the Base Case , i . e . , no produc t ion e f f e c ts , woul d  be 
expected along the Ea s t  Coa s t  ( Re g ion l lA )  . Al l of the 
s trate g ie s exce p t  for tho s e  invo lving s tr ipper rede f i n i tion 
( I I I C )  increase Gu l f  Coa s t  ( Re g ion 6 A )  product ion by about 
2 to 3 percent . The three comb i n ations i nvo lving s tripper 
rede f in i t ion increase o f f shore produc t i on by about 7 0 , 0 0 0  
bbl/day or , equivalently , about 5 percen t . Al l o f  the a l te r
native s increase produc tion along the Ca l i forn i a  coast 
( Re g ion 2 A )  by about 80  percent . 

Present EPA regulations wi l l  not con trol any d i s charge 
o ther than o i l  and grease . 7 Con trol of o i l  and gre a s e  w i l l 
l im i t  but not prevent the di s charge of hydrocarbon s , tox i c  
and otherwi s e . 

7 u . s .  Envi ronmental Prote c t ion Agency , Deve lopmen t  Docu
ment for Interim F i n a l  E f f luent Limi tations Gu ide lines and 
New Source Perfo rmance S tandards for the O f f shore S e gment o f  
the O i l  and Gas Extraction Point Source Cate gory , 1 9 7 5 . 
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The typ e s  o f  c ontro l device s  nece s s ary to mee t  the pro
po sed EPA regulat ions wi l l  not remove d i s s olved materi a l s , 
which inc lud e  heavy met a l s  and , unfortun at e ly , man¥ o f  the 
more toxi c  hydroc arbon s pe c i e s  found in c rude o i l . 

8 
S tephen F .  Moore , " Towards a Mode l o f  the E f f e c t s  o f  

O i l  o n  Marine Organ i sms , "  in Background P apers for a Workshop 
on Input s , F ates and E f f e c t s  o f  P e tro leum in the Marine 
Environment , Vo l .  I I , Ocean A f f a i r s  Board , National Academy 
o f  S c i ence s , 1 9 7 3 . 
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c .  Terti ary Recovery Me thod s 

1 .  S te arn I n j ec t i on 

1 . 1  Introduc t ion 

Terti ary o i l  recove ry by cyc l ic and cont inuous s team 
i n j ec tion i s  currently accounting for the bulk o f  therma l 
recove ry production in the Un i te d  S ta te s . The mo s t  rec e n t  
survey l s hows t h a t  more than 2 3 5 , 0 0 0  barre l s  o f  o i l  p e r  day 
are b e ing p roduc e d  by s ome 5 4  ac tive operations . Al though 
ope rato r s  we re nearly unanimous in a s s e s s i ng the i r  pro j ec t s  
a s  e i the r succe s s ful or p romi s i ng , some operating problems 
mentioned invo lved s and contro l , water and low-sul fur fue l 
ava i l ab i l i ty , and t r e a tment prob lems ar i s i ng from the p roduc 
tion o f  s table emu l s ions . 

The s e  problems inc lud e  s eve ral o f  the factors that are 
cons idered in the fol lowing s e c t i on s  i n  evaluating the local 
env i ronmental impacts  a s s o c i ated w i th th i s  techno logy . 
Re l e a s e  o f  sul fur oxide s to the a tmos phere from the o i l -
f ired s team b o i ler uni ts i s  seen t o  b e  a n  acute cons ideration 
for s i zeable pro j e c t s , as is the ava i lab i l i ty of water for 
s te am i n j ec t ion . Some water can be recycled through the 
res ervo ir a fter tre a tme n t  to a l leviate some o f  the fre sh
water demand , but emu l s ions invo lv i ng the produc ed water 
c reates some add i t i onal prob lems . I n  any c a s e , the environ
mental cons eque nc e s  of tre a tmen t  and d i spo s a l  of the produced 
water or br ine mus t be examined . 

Ave rage rates o f  r e s ource consump t ion are deve loped and 
envi ronmental res idua l s  are as s e s s ed in the fol lowing sec tions . 
Impacts o f  atmos phe r i c  r e l e as e s  are d i s cus s ed , and tho s e  
a s soci ated with water tre a tmen t  and brine d i sposal are 
cons idered in Sec tion IV . D .  of th i s  repor t . 

1 . 2  P roc e s s  D e s c r iption 

There are two operational var i a tions o f  the s team 
i n j ec tion proc e s s ;  s team s oak and s te am dr ive . I n  the f i r s t  
me thod , s team i s  i n j ec ted for a r e l atively sho r t  per iod o f  
t ime t o  heat up the formation , and no rmal recovery tech
n iques are emp loyed the re a f ter . The s te am drive , on the 
o the r hand , emp loys a cont inuous i n j ec tion of s team to 

1 11 U . S .  Ther:-r'tal Re covery Ac t i  v i  ty Growing S te ad i l y , "  
P roduc t i on Repo r t , O i l  and Gas Journa l 7 4  ( 1 4 )  ( Apr i l  5 ,  
1 9 7 6 ) : 1 0 8 . 
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enhance recovery at surrounding recovery s it e s  ( produc tion 
we l l s )  . T ab l e  IV- 9 d i s p l ays the mo s t  recent l i s t ing o f  
s te am pro j ec t s  in the Un i ted S tate s . 

Therma l ly-enhanced o i l  recovery methods take advantage 
o f  two bas i c  fac tor s . The s e  are the reduced o i l  v i s c o s i ty 
at h i gh t emperatures and the mob i l i ty enhancement produced 
through s te am d i s t i l l at i on proce s s e s  in the format ion . Both 
of the s e  mechani sms are particularly s u i ted to r e s ervo i r s  
conta in ing heavier c rude s . 

When a r e s e rvo i r  i s  undergo ing a s team drive recovery , 
the s te am s a turated z one i s  approximately at the temperature 
of the i n j e c ted s team . This z one moves o i l  to the produc -
tion we l l s  by s team d i s t i l lation o f  the o i l , s o lvent extrac tion , 
and a gas drive . As the s te am coo l s  and conden s e s , a z one 
o f  ho t water is produced , and th i s  f loods the formation . 
Cyc l ic s team s timulation , howeve r , r equi r e s  no s eparate 
i n j ection we l ls . S te am i s  i n j e c ted into the r e s e rvo i r  
through produc tion we l l s  for a per iod o f  8 t o  2 0  days and 
longer , dependi ng on the r e s e rvo i r  charac t er i s t i c s  and i n j ec tion 
rates , and the we l l s  are c l o s ed o f f  to a l low the heat to s oak 
into the formation . Thi s  reduc e s  the amount of i n i t i a l  heat 
lo s s  that would otherw i s e  take p lace as the hotter o i l  near 
the we l l  bore i s  removed . Oil is  then pumped for a period 
o f  s everal months , ranging f rom 4 to 1 1 , unt i l  produc t i on 
dec l in e s  b e l ow an economic a l ly acceptab le leve l . The total 
cycle t ime i s  dependent upon the res ervo i r  characte r i s t i c s  
and the amount o f  o i l - in - p l ac e . Table I V- 1 0  shows produc t ion 
f i gure s  for n in e  typ i c a l  s te am soak pro j ec ts in C a l i forni a ,  
the s ite o f  virtua l ly a l l  pres ent s te am s oak activi ty ( s ee 
Tab l e  IV- 9 ) . The sens i t iv i ty o f  cycle t ime to the rema ining 
o i l - in-plac e i s  b e s t s e en in plots of o i l  produc tion versus 
time s ince s te aming , for s evera l  e laps ed cyc l e s  ( F i gure IV- 3 ) . 

The required res ourc e s  for s te am i n j e c tion pro j e c t s  are 
fue l for the s te am generators and a water source . C le ar ly , 
fue l ava i l ab i l i ty prob lems are min imi z ed where c rude o i l  or 
gas  from nearby operations is used , and dec i s ions on fue l 
type are b a s ed on e conomic cons ideration s . I f  the s u l fur 
content of the produced c rude s  is s u f f i c i en t ly low to reduce 
the need for sul fur dioxide removal equipmen t , then thi s  i s  
the mo s t  co s t -e f fec tive fue l . I n  genera l , pro j ec t s  have used 
natur a l  gas , crude o i l , and proces sed fue l oi l i n  th e i r  b o i l e r s . 

Water u s age var ie s  from pro j e c t  to pro j ec t , and i s  b e s t  
expres sed in terms o f  a n  average ratio o f  s team i n j e c ted 

IV- 3 6  



TABLE IV- 9 

CURRENT STEAM INJECT I ON P ROJECTS IN THE UN ITED STATES 

F I F. LD ST,.T!: COUNTY 

S t e a m  So.:Jk 
Coa l i nq u.'l w.  Coa il ngua 

,,_ s p h tt  1 to 
s. B� l r l dge 
Cymr le 
C y m r i c  

Cymr l c-
Cy!".ri c 
Ed is on 

P: e r n  F"ron t 

P:: e r n  f' r o n t  
l': e r n  F r o n t  

K e r n  F r o n t  
P: e r n  R i ve r  
P: e r n  R i v e r  

l': e r n  R i v E'! r  
P:: e r n  F i v P r  

P: � r n  R 1 .,,e r  

Lo q t  H l  l l s  
Lo s t  H i l l s  
Lo s t  H i l l �  

Lo � t  H i l h 
Hr:: ! O t t d � 1':: 
McP: i t t r i ck 

H c l': i  t t r J  ck 
M c K i t t r i c k.  
M i d..,.ay S u n s -:? t  

M i dway S u n s e f"  
Midw-1y 

Midwl'l.y 

N. Midway 
M i dw�y 
H1dway S un s � t  

M i dway S u n � e t  
Hidw�y S u n s e t  
H i d".:!Y S u n s e t  

H i d..,.ay S u n s l'? t  
M i dway S u n s e t  
Hldway S u n s e t  

M i dway S u n s e t  
P o s P.  Cre<:!:k 

Pose C r e � k  

S ct n t i ag o  
S .  B e l r i d g e  
S. B e l r i d g e  

CA 
C A  
C A  

C A  
C A  
C A  

CA 
CA 
CA 

CA 
CA 
CA 

H u n t i n g t o n  BP.ach CJ\ 
Run t i ng t o n  Beach CA 

Hunt i ng ton Beach CA 
Yorba L i nd a  C A  
Yorba L i nda CJ\ 

F r e "f n o  
F" r e s  n o  

P: e r n 
Kern 
Kern 
P:ern 

Kern 
P:ern 
P:(!rn 

l':ern 

P:e r n  
P: e r n  

P::e rn 
P::e r n  
P: e r n  

P:: '! r n  

P::c r n  

P: e r n  

P: c r n  
P:e r n  
P:: e r n  

P: e r n  
R e r n  
K e r n  

R c r n  

K e r n  

Ke r n 

F: e r n  

K e r n  
P:: c r n  

r. � r n  

P::e tn 
P: e i:n 

11'.e r n 

P::P. r n  

P:: e r n  

P: e r n  

K e r n  

P::e r n  

P:: e r n  

O r a n q e  
Or <" n q e 

O r a n g e  
Or"'lnge 
Orange 

orr.RJ\TOR 

She 1 1  
Soc-1 1  
G <! t ty 
HcCu l l och 
(': e t t y  
Gu l f  

Mob i l 
Soc� l 
Exxon 

�RCO 
Ge t ty 
Mob i l 

SOCil l 
Cha n g . W e s t .  
Go:! t t y  

G e t t y  
S he l l 
S o c  a l  

l\Tl:CO 
Ge � ty 
Gu l f 

r,u 1 r 
Ge t t y  
G<! t t y  

Oci:: i d en t i\ l  
Soc<'l l 
l\RCO 

C h <'l n s . We s t .  
Ge t t y  
G r?  t t y  

G e ':  t y  
G e t t y  
Getty 

Hnb l l 
Mob l l 
Mc-:ul loch 

Occ i d e n t a l  
S h e l l  
S 1J c a  l 
S u n  
G e t t y  
S o .-:- � l  

Gu l f  
Soc a l 
�cCul l0ch 

Bnr111ah 
Burm.ah 

Soca.l 
G u l f  
S he l l  

2 .  5 2 0  
1 ,  2 8 0  

1 2 0  
1 0 0  

7 0  

1 7 0  
7 0 0  

l ,  1 0 0  

1 6 0 
l ,  0 8 0  

6 0 0  

6 4 0  
2 4 0 

) , 0 0 0  

9 
! , J O O  
l ,  4 0 0  

1 5  
l > O  

:j O ('J 

) 

4 6  
1 2 0  

l , 0 0 0  

l ,  9 7 0  
2 1  s 

1 2 S  

1 5 5  
8 6  
J S  

J S O  
� s o  

6 0  
2 J 

5 6 5  
1 6 0  

2 H  
8 4  

2 4 0  

1 5 0  
1 0 0  

s o  

7 l 0 

J O O  

1 8 0  

NUHRER WELLS 
P ROO.  IN.T. 

J B S  

2 1  
8 

4 6  

7 S  

5 6  

1 J 2  
1 0 0  

1 7 2  
1 ,  2 7 1  

J 
4 4 ]  

7 
5 1  
4 J  

2 1 6  
8 2 1  

2 1  

7 1  

7 0  
1 6  
4 4  

2 0 0  
s o  

1 1 7  

S J O  

1 9  3 
l 4  

1 8  

4 0  

9 
4 8  

8 6  
202  
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cy l l c  

2J 

Df.PTH 
( fT . )  

9 0 0 - 2 , H O O  
1 2 .  0 0 0  
1 4 .  0 0 0  

BOO 
1 .  0 0 0  
l .  0 0 0  

4 0 0 - 1 0 0  
1 , 0 0 0  
1 ,  1 0 0  

1 ,  6 0 0  
2 ,  J O O 
1 ,  8 0 0  

2 .  4 0 0  
1 0 0 - 8 0 0  

9 0 0  

9 0 0  
J 0 0 - 1 , J O O  

l ,  0 0 0  

5 0 0  
5 0 0  

2 0 0 - 4 0 0  

7 0 0  
l . 2 0 0  
1 ,  2 0 0  

9 0 0  
8 2 0  

i . o o n - 2 , s o o  

4 (1 0 - 1 , 11 0 0  

8 5 0 .f. l , 1 5 0  

l ,  2 n o 
I ,  4 0 0  

1 ,  8 0 0  
l ,  7 0 0  

1 , 0 0 0  
9 5 0  

I ,  1 0 0  

l ,  () 0 0  
6 0 0 - 1 , 9 0 0  

1 ,  2 0 0  

1 , 0 0 0 - 1 , s o o  

2 .  0 0 0  
2 .  5 0 11 

5 �i 0 - l . 2 5 0  
S S 0 - 1 , 2 50 

8 0 0  

2 .  0 0 0  
2 .  0 0 0  

2 .  0 0 0  
2 0 0 - 2 , 0 0 0  
4 0 0 - 8 3 0  

PROJECT 
Hl\TUfUTY 

fif 
90i comp ! .  

Hf 
Hf 
HC 

J 2 '  comr l .  
6 0 'k  comp l .  

Hf 

Hf 
clS 

7 5 •  C'Omp l .  

NC 
Hf 
Hf 

65\ comp l .  

NC 
nr 

J S  
"' 
NC 
llf 

801  r.omp l .  

'" 
!Ir' 
HF 
Hf 
JS 

Hf 
mi compl � 
6 0 \  r.omp l .  

Hf 
llf 
Hf 

llf 
JS 

80\ cam.p l .  

!If 
llf 

Hf 
Hf 

6 0 1  comp l .  

HF 

F.N!lJ\N\F:D 
r wm .  
( bo/d)  

J .  9 0 0  

1 0 0  

< o n 

4 0 0  

6 0 0  

1 , 6  7 6  
4 5 0  

1 0 0  
1 4 ,  5 8 R  

1 0  
9 , 0 0 0  

5 0 0  

7,  fi l'J O  

? o ,  n.oo  
1 9 0 

7. ,  i o n  

I ,  8 0 0  
6 0  

2 ,  I 5 0  

J ,  5 0 0  
'304  

J ,  n o o  

4 ,  J O f'J 
1 2 8  

1 5 0  

i o n  

t ,  5 n o  

s .  s n o  

PERCf.NT 
or ruF:r, 

SULFUR 

. 2 5 

. 5 5  

. 4 l  

. 2 J  
l .  1 6  
L l h  
! .  l 6  
[ .  l 6  

. 2 0  

. 8 5  
• 8 5  
. R S  
. 8 5  

! .  1 9  
l .  l q 
1 .  I 9 
I .  I 9 
I 1 9  

. J J  

. J J  

. J J  

. ] J  

. 9 6 
• CJ f\  
. %  
. 9 6  
. H 
. 9 4 

. o ;  

. 9 of 

. '.H  
• 9 4 
. 9 4 
• 9 4 
. 9 �  
. 9 4  

. 2 5  

l .  s 7 
I .  5 7  

I .  5 7  
! .  8 6  
1 .  0 6  



FIELD STATE 

Cat Canyon CA 
Cat Canyon Cl\ 
Cat Canyon Cl\ 
Cat Canyon CA 

\'h i  te C a !l t l e  LI\ 
Wh l t e  C a !l t l e  LI\ 
Andergon Rench. TX 

Uvalde TX 

Steam d r ive 
Smackover AR 
Bel ridge CA 

coa l l ngua CA 

.. . Coalingua CA 
Cymerlc Cl\ 

Kern R l ver Cl\ 

Xern JHver CA 
ll: e r n  R i v e r  CA 
Lo• t 11 1 1 19 Cl\ 

iern R l ve r  Cl\ 
�ern R l v ll! r  Cl\ 
M . E .  Hc� i t t rick Cl\ 

Hidway Sun9et CA 
Midway S u n s e t  Cl\ 
Midway Sunset Cl\ 

Midway Sunset CA 
Mid.,..a y  S u n s e t  CA 
Midway Sunset c� 
Mld.,..<l y  S u n 9 c t  CA 
M l d...,<! y  Sunse t CA 
M i d.,..a y  Sunset Cl\ 

Midway S u n 9 e t  Cl\ 
Mount Pose CA 
San Ardo Cl\ 

San Ardo Cl\ 
S a n  Ardo CA 
B r e a -O l i nd a  Cl\ 

Caddo P i n i!  I s l . LA 
Port earre LI\ 
S lOCWft TX 

S locum � x  
Tobor9 TX 
Wl nk l ema n Dome WY 

Hf' • h a l t  t l n i ah.e-d r 

TABLE IV- 9  ( CONT . )  

!\REA NUMBER WELLS 
COUNTY OPERATOR (ACRES) PROO . IHJ . 

S a n t c!I  Conoco 6 5 0  l J O  
B11rbara 

Ge t t y  1_. 7 0 0  1 0 �  
G e t ty J O O  l J  

Ibe rvi l le S h e l l  5 7  
Iberv l l le She l l  J 7  
Z a v a l "'  Exxon 2 

Z a v a l a  Gu l t  

Oua c h i t a  Ph i. l l tps 9 R 5  1 2 0  9 
Jll'.ern Mob i l  2 .  J 8 1  2 5 0  J 8  

Fre9no S h e l l  7 0 0  1 0 4  7 J  

Fresno Socal JO 
Kern Soc ail 18 21 

Jt::e t n  C h a n e . We s t  1 5  l J  1 1  

Jt::e r n  Ge t t y  2 , 0 0 0  l , J 7 J  7 ! 1  
Jll: ern Get t y  2 2 .  5 1 6  9 
Jt::ern Getty 11 9 4 

ie rn Cha n s . W e ! t  1 l/! 1 0  
Jltern Soca l 1 .  4 0 0  
Jlt e r n  Soca l 9 0  2 9  1 6  

Jlt!!! rn ARCO 6 1 2  
Jlte rn ARt:O 3. 7 7 
Jll!: e r n  J\R:CO 1 2 .  2 1 0  

l<ern Cha n 9 . We s t  2 0  1 6  
Jll!:e r n  Cha n s . We s t  1. 1 / 4  4 
Jltern Chans . W'll!s t � 4 

Jll!:e r n  Cha n 9 . We a t  6 . 5  8 4 
Jltern She l l  1 2 0  5 1  1 7 
�ern Soc a l  2 1  1 5  6 

� e r n  Te xe\CO 1 0  8 1 
Jlte rn She l l  5 0 0  6 0  1 1  
Honter�y Mobil J , 0 4 1  4 5 0  4 0  

Monterey Tt!Xl'ICO l, 7 2 5  1 9 2  J 9  
>1onterey Texaco 8 0  2 9  2 
Oran9e Chans . We 9 t  1 5  1 0  l 

Caddo Tex .. co J6 4 
S t .  Landry Texaco 6 . 4  4 
Anderson She l l  2 5 8  2 5 9  4 9  

J\nderson Tl!xaco 18 H J 
PeCO !I  Gu l t  2 0  9 4 
Frernont Arnoco 1 0 0  2 1 1 3  

NC • nea r i ng comp l e tion : JS • j u s t  s tar t ed : Tll!nn, 

DEPTH 
( FT . )  

3 ,  o o o  

2 .  300 
3 ,  000 

1 ,  3 5 0  
1 ,  0 0 0  

5 2 5  

JOO 

1 . 9 2 0  
1 , 000 

1,  5 0 0  

1 , 2 0 0  
9 0 0  

6 6 0  

9 0 0  
9 0 0  
2 0 0  

7 0 0  
1 .  0 0 0  
1 , 2 0 0  

l ,  0 0 0 - 2 .  5 0 0  
2 .  0 0 0  
2 ,  5 0 0  

1 , 50 0  
l ,  2 0 0  
1 , 0 00 

6 0 0  
l ,  2 0 0  
1 , 2 0 0  

1 ,  2 0 0  
l ,  !00 

2 , 1 0 0& 2 , 3 0 0  

2 ,  2 0 0  
l ,  9 0 0  

! O O  

! O O  
l ,  4 5 0  

5 2 0  

5 8 0  

l ,  2 2 5  

PROJECT 
HJ\ TUR I TY 

llP 

llF 
!IF 

JS 
JS 

Term. 5 / 7 5  

TerM. 8 / 7 5  

H F  
1 4 1  comp ! .  

NC 

4 0 \  comp! . 
JS 

JS 

nr 
JS 

JS 
8 5 1  compl . 

JS 
HF 
HF 
H F  

llF 
Term. 2 / 7 4  

JS 

JS 
JS 

llF 

2 3 t  comp ! .  

llF 
llF 
JS 

JS 
JS 
NC 

Term. 74 
JS 
llF 

. te rt11ina ted .  

ENffl\NCEO 
PROD . 

(bo/d) 

4 , 0 0 0  

2 , 0 0 0  
l 6 J  

2 0 0  
2 0 0  

2- 100 

1.  J O O  
5 .  4 0 0  

l ,  J O O  

4 0 0  

J 2 .  2 0 0  

2 7 0  

9 0 0  

9 8 0  

9 5  

8 0  
J , 00 0  

0 

! O J  
e , o oo 
8, 000 

2 2 , 9 0 0  
1 0 0  
1 2 7  

9 
9 

1 ,  9 0 0  

29 
J O  

7 2 0  

Sourc e :  • u . s .  Thermal Recovery Activity Growing Steadi l y , Production Report, 0 1 1  and Ga.111 Journal 7 4  ( 1 4 )  
(Apr i l  5 ,  1 9 7 6 )  • 
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TABLE IV-10 

SUMMARY OP TYP ICAL WE LL PERFORMANCE - STEAM SOAK OPERATIONS I N  
VARI OUS F IELDS O F  CALI FORN IA 

F I E LD ZONE STEAM INJECTED O I L  RECOVERED STEAM O I L
1 

RATIO 

TOTAL ( bbl ) TOTAL ( bbl ) ( bbl/bb l ) 

Huntington Beach TM 4 , 5 0 0  2 9 , 0 0 0  . 1 5 

Kern Hiver China 4 , 4 0 0  1 1 , 6 0 0  . 3 8 

Midway-Sunset Potter ( A )  6 , 0 0 0  9 , 2 4 0  . 6 5 

Kern River Kern River 6 , 5 0 0  4 , 7 3 0  1 .  3 7  

Coa l ingua Temb lor 9 , 0 0 0  4 , 3 0 0  2 . 0 8  

Midway- S u n s e t  Tulare 1 2 , 0 0 0  4 , 6 4 0  2 . 6 3 

Midway- S un s e t  Pot ter ( B )  7 , 7 0 0  3 , 0 0 0  2 . 5 6 

Wh i t e  Wo l f  Ree f  Ridge 1 4 , 0 0 0  6 , 7 5 0  2 . 0 8 

Paso Creek E tchegoin 6 , 7 0 0  2 , 6 6 0  2 . 5  

1
steam vo lume reported i n  equ iva l e n t  barr e l s  o f  water . 

Source : J .  Burn s , " A  Revi ew of S team Soak Ope r a t ions in C a l i fornia , "  
in The rma l Recovery Techn ique s ,  SPE Reprint S e r i e s  No . 1 0 ,  1 9 7 2 , p .  2 6 5 . 

CYCLE PERIOD 

( MONTHS ) 

1 5  

6 

5 

5 

5 

6 

4 

4 

6 
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P RO DUCTI ON RE S PONS E  BY CYCLES 

F igure IV- 3 . The s e  are plots o f  we l l  re covery 
re spon s e  to s everal s team soak cycles . ( R . H .  Adams , 
and A . M . Khan , " Cyc l i c  S tearn I n j e c t ion Pro j e c t s  P er 
formanc e Ana l y s i s  and Some Re s u l t s  o f  a Continuous 
S tearn D i s p l acement P i lo t , "  in Therma l Recovery 
Techn ique s , Repr i n t  S e r i e s  No . 1 0 , 1 9 7 2 , p .  2 7 6 . ) 



( expre s sed a s  e quivalent barre l s  o f  water ) to o i l  produced . 
Stearn drive pro j e c t s  are e a s i e s t  to gauge in thi s  way because 
s te am i n j e c t ion i s  a f a i r ly cons tant parameter over the proc e s s  
li fe . The ratio gradua l ly i ncre a s e s a s  product io n  f a l l s  o f f  
due t o  dep le t ion , s o  a c umulative a s s e s sment o f  t h i s  quo t i en t  
yie lds the b e s t  repre s e ntative f i gure . T a b l e  IV- 1 1  summar i z e s  
a number o f  pro j ec t s  o f  varying s i z e  and location . The 
quo tients l i s ted vary over a fairly sma l l  range with an 
average val ue of 5 . 2  barre l s  of water a s  s te am per barre l o f  
o i l  produced . The extreme va lue o f  6 . 7  bb l/bbl re g i s te re d  
for the Bre a -O l inda pro j e c t  may be used a s  a wor s t  c a s e  
water consumption r a te . 

The steam soak pro j e c t s  produce o i l  over a muc h  longer 
t ime interval than that which is needed for i n j e c ting the 
s te am . Because of the di f ferenc e s  in t ime periods , a 
s traight ratio o f  water inj ected a s  s te am to o i l  produce d  
mus t  b e  c are fully interpreted . T a b l e  IV- 1 0  presents the s e  
quotients for ty�ical we l l s  i n  nine C a l i fornia pro j e c t s . 
The range o f  val ue s for t h i s  proc e s s  i s  a good dea l  wide r 
than tho s e  a s so c i ated with the s te am drive proce s s . 

1 . 3 Environmental Imp ac t s  

The pr incipal potent i a l  environmental impac t s  a s s o c i ated 
with s te am i n j e c t ion production me thods ar i s e  from emi s s ion 
o f  a tmo spheric po l lution from steam-rai s in g  bo i le r s , re in j ec 
t ion and d i sp o s a l  o f  produced water , fre shwater consumpt i on 
as bo i ler feedwater , and sp i l l s  from operations in genera l .  
Pro duced water and sp i l l -derived problems are common to a l l  
product ion techno lo gie s and are discussed in a l ater sect ion 
( IV .  D )  . 

1 . 3 . l  Atmo sphe r i c  Emi s s ions and E f fe c t s  

S te arn r a i s ing in o i l  f i e lds i s  carried o u t  in bo i le r s  
spec i a l ly de s igned for th i s  appl ication . Po l lutant s are 
generated in the combustion pro c e s s  and are emitted in the 
exhaus t  or f lue gas s tre am .  Mo s t  o i l f i e l d  bo i le r s  are 
e qu ipped with short o r  s tub s tack s , which , a s  wi l l  be s hown 
in the di scus s io n  immediately fo l lowing , may l e ad to qui te 
large ground - leve l pollutant conc entration in the v i c inity 
o f  the operating s it e . The character o f  the emi s s ions and 
impact depends on the fue l  f ired under the bo i ler , the s i z e  
o f  the un i t , the s tack conf iguration , and the loc a l  me teor
ological  conditions . 

IV- 4 1  
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TABLE I V - 1 1  

S UMMARY O F  TYP I CAL S TEAM DRIVE P ROJECT WATE R USE 

F I ELD STATE PATTERN S I Z E ( ACRE S ) PATTERN TYPE WATER INJEC T I ON/O I L  P RODUCED 
( bbl /bbl ) 

Kern River C a l i fornia 2 . 5  Nor . 5 - s pot 4 . 6  

H u n t i ngton Beach Ca l i f orn ia 2 - 3 I r r eg . 5 . 0  

S loc um F i e ld Texas 5 . 6 5 ( ea c h ) 7 t 1 3 - s p o t s  6 . 2 5 1 

I n g l ewood Cal i fo r n i a  2 . 6  I nv . 6 - spot 3 . 7  

W i n k l eman Dome Wyomi ng 5 3  ( tota l )  6 t 5 - s p o t s  5 . 9  

Dr0a-O l i nda Ca l i fornia '\, 2 9  I rr e g . 6 . 7  

Smock over Ark a n s a s  2 2  I n v . 5 - spot 4 . 1  

F C c a l i n qua C a l i fornia 5 3 0  ( tota l )  I rreg . 5 - spots 4 . 0  

H o lma n Ranch Texas 2 . 5  I nv . 5 -spot 5 . 9  

2 Kern River Cal i f o r n i a  6 1  ( total ) 1 0 ,  I nv . 7 - s p o t s  5 . 8  

1 Rev i s ed d a ta ; ba sed on O i l  and Gas Journal ( Ap r i l  5 ,  1 9 7 6 ) : 1 1 0 - 1 1 3 . 
2T . R .  B l e vi n s , R . H .  B i l l i n g s l ey , ' 'The Ten-P a t tern S teamf lood , K e r n  River , 

C a l i fo rnia , "  Journal o f  Pe troleum Technology , December 1 9 7 5 . 
Source : S . M . Farou q A l i , " Cu r r e n t  S ta tus o f  S team I n j ec tion a s  a Heavy O i l  Recovery Method , "  Jour nal o f  Canadian P e t ro l eum Techno logy , January-March , 1 9 7 4 . 



The ma j or potent i al environmen tal impact of the emi s s ions 
is adver s e  health e f fects in humans . The Na tional Ambient 
Ai r Qua l i ty S tandards have been e s tab l i shed to  protec t agains t 
adverse health e f fects . Expan s i on o f  s team i n j e c tion p ro j ects 
under any o f  the alternative pr i c e p o l i c i e s  would only be 
al lowed p rovided tha t  the inc remental addition to exis ting 
pol lutant concen trations wou ld no t cause the s tandards to be 
e xceeded . 

In some parts of C a l i forni a ,  s t andards for par ticulate s , 
ni trogen oxide and oxidants are already exce eded . In the s e  
s o -cal led non- atta inment regi ons , new sourc e s  mee ting ce rtain 
s i z e criteria canno t , in general , be deve loped . Depending on 
the po l i cy ye t to be e s tab l i s hed by EPA and lo cal e nviron
mental control agenc i e s , s te am i n j e c tion p ro j ec t  b o i l e r s  may 
be con s trained . The s i ze of bo i l e r  used in the fie ld i s  
q u i t e  sma l l  compared t o  indu s tr i a l  and uti l i ty bo i lers and 
i s  sma l l e r  than the min imum s i z e governed by EPA New Source 
Pe rformance S tandards . It is , thus , po s s ib le that o i l - field 
b o i l e r s  wi l l  no t be  regula ted under non-attainmen t  res trictions , 
unle s s , o f  cours e ,  loca l condi t ions due to the i r  emi s s ions 
would exceed any a i r  qua l i ty standard . 

The s i gni f icant dete rioration provi s ions o f  the C l e an 
Air Ac t may further res t r i c t  deve lopme n t . The s e  provi s ions , 
s ti l l  in an evo luti onary s tage , s e t  limi t s  on the inc remen tal 
increase in atmos phe ric conc entration i n  are as whe re e xi s ti ng 
leve l s  are currently be low the standards . I t  i s  no t c lear at 
thi s  time wha t  l imi ts wi l l  app ly to tho s e  regi on s  of theJ 

Un i ted S ta te s  whe re s team i n j ec tion is mo s t  lik e ly to be used , 
no r i s  i t  c l e ar tha t  the s i gni f i c ant dete rioration regu l a t i ons 
wi l l  apply to sources as sma l l  as o i l - f i e ld bo i le r s � 

� 
The ana ly s i s  tha t  fo l lows provide s e s timates o f  th� 

emi s s ions o f  sul fur dioxide ( S 02 ) ,  ni trogen oxide s (�Ox ) 
and particu late ma tter ( PM )  from d i f fe rent s i z e boi lers and 
for d i f fe rent fue l s . E s t ima te s o f  wor s t- c a s e  ground- leve l 
concentrations are then made for a sma l l - and a l arge - s cale 
pro j ec t . 

S te arn bo i le r s  vary in s i ze from 5 to 5 0 0  mi l l ion Btu per 
hour , and run on e i the r gas , crude o i l , or re fined fue l 
o i l  ( re s idual ) .  The un i ts mo s t  common ly in use are the 2 0  
MMBtu/hr and 5 0  MMBtu/hr . Tab le IV- 1 2  d i s p l ays typ i c a l  
emi s s ions rate s f o r  the s e  two un i ts when run o n  crude o i l , 
res idua l o i l , and natura l  gas . The s e  rates we re de rived by 
a s s uming a the rma l e f fi c i ency of 8 9  percent for the o i l - fi red 
boi lers , and 80 percent fo r the gas bo i l ers . The 80 percent 
f i gure for gas repre sents a very con s e rvative e s timate of 
e f f i c iency and was used to preclude unde r e s t imation o f  the 

IV- 4 3  
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TABLE I V - 1 2 

EMI S S ION RATES OF POLLUTANTS F ROM BO I LERS I N  U S E  I N  THE UN ITED S TA'l'E S l 

CRUDE O I L 2 RES IDUAL O I L 3 NATURAL GAS 3 

2 0  MM Btu/hr 5 0  MMBtu/hr 2 0  MMB tu/hr 5 0  MMBtu/hr 20 MMBtu/hr 5 0  MMBtu/hr 

so2 ( gm/ s )  2 .  9 8 S 4 7 . 3 7 S  2 . 9 1 S  7 . 2 4 S  . 0 0 1 8  . 0 0 4 5  

5 NO ( gm/s ) l .  3 3  3 . 2 9 x 1 . 1 1 2 . 7 6  . 3 7 - . 7 0 . 9 2 - . 7 4  

PM ( gm/ s ) . 2 2 . 5 5 . 2 4 . 6 0  . 0 4 5  . 1 1 3  

HC ( gm/ s )  . 0 4 . 1 1 . 0 1 9 6 . 0 4 6 6 . 0 0 9 1 6 . 0 2 3 6 

co ( gm/ s ) . 0 1 . 0 2 . 0 9 3  . 2 3  . 0 5 2  . 1 2 9  

1 2 0  MMBtu/hr and 5 0MMBtu/hr are the u n i t  s i z e s  mo s t  commo n l y  empl oyed in the U n i ted 
S ta te s . 

2 Energy Resource s  Company I nc . , Pote n t i a l  Envi ronmental Cons equence s o f  Tert i ary O i l  
Recovery , J u l y  1 9 7 6 , p .  1 7 3 .  

3 u . s .  Env i ronme n t a l  Pro t e c t ion Agency , Comp i l a t ion o f  A i r  Po l l utant Emi s s ion Factor s ,  
Repo r t  No . AP - 4 2 , Apr i l  1 9 7 3  ( s uppleme n t  6 ) , p .  1 . 3 - 2 . 

4 s � percen t  s u l f ur content o f  fuel by we i gh t . 

5 . d f . Ox 1 e s  o n i t rogen as N02 • 

6 Total hydrocarbon s  a s  C H4 . 



NOx impac t of the s e  b o i l er s . However , compar i ng the r e s u l tant 
NOx emi s s ion rate for the gas bo i l e r s  with that from the o i l  
burners  shows the s e  emi s s ions t o  b e  s ub s tant i a l ly sma l le r . 

The c r ude o i l  bo i le r s  were charac ter i z ed b y  actual data 
gathe red f rom boi ler manu facturers and users i n  the f i e l d , 2 
wh i le the o ther two were taken from e s t imated fac tor s contained 
in the EPA report on air po l lution emi s s ion fac tor s (AP - 4 2 )  . 
Table IV- 1 3  c ompare s the s e  two sour c e s  for the r e s idual f ue l  
o i l  b o i l er s . Apparently the actua l bo i le r s  i n  use a t  s team 
i n j e c tion pro j e c t s  are s omewhat c leaner than expec ted w i th 
re spec t to carbon monoxide a s  the carbon monoxide emi s s i on s  
from the c r ude -burn ing b o i l e r s  are n e a r l y  a n  order o f  magni 
tude sma l le r  than the emi s s ions f rom the o ther two b o i l e r  type s . 
I t  i s  as sumed that s im i l ar reduc t ions i n  the s e  emi s s ions from 
r e s idual o i l  and ga s - f ired bo i le r s  may be expec ted , so that 
all three bo i l e r  type s  may be a s s e s s ed togethe r . Air 
qua l i ty patterns a s soc iated w i th a crude o i l - fueled s te am 
i n j ec t ion pro j e c t  are cons idered to be r ep re s en t a tive o f  
tho s e  patterns induced b y  a s imi lar pro j ec t  us ing a res idual 
fue l o i l  and are c e r t a i n ly mo re s evere than air qua l ity 
e s t imat e s  pertain ing to a g a s - f i red pro j ec t . 

Overa l l  pol lutant loading of a region can be indic ated 
through the u s e  of an emi s s ion per barr e l  of o i l  re covered 
indicator . The s e  quo tients are c a lculated i n  un i t s  o f  tons 
o f  p o l lutant per barrel o f  o i l  produced ( ton/bb l )  a s  f o l l ows . 
The f i r s t  co lumn o f  T ab l e  IV- 1 3  give s  an emi s s ion rate for 
NOx from a c rude o i l - f ired bo i le r  of 3 . 0 2 lb per barr e l  o f  
crude con s umed . One bar r e l  o f  crude produc e s  6 . 4 4 7  mi l l ion 
Btu o f  he at energy , o f  wh ich 8 9  percent i s  uti l i z ed in 
produc ing s team . This means tha t  there are 5 . 7 4 x 1 0 6 Btu 
o f  energy avai lable per barre l o f  crude o i l . 

Furthermore , i f  8 0  percent qua l i ty s team i s  produced i n  
t h e  range 1 , 0 0 0  t o  2 , 0 0 0  p s i a , a n  average of 1 , 0 1 0  B tu per 
pound o f  water i s  ne eded . Thi s  is  equiva l e n t  to 0 . 3 5 4  x 1 0 6 

Btu per bar r e l  of water converted . The average water to 
produc ed o i l  ratio for a s t eam dr ive pro j ec t  is 5 . 2  bb l /bb l 
( S ec tion IV . C . 1 . 2 ) . A l l  of the s e  numbers are comb ined to 

give : 

2 
Energy Re sour c e s  Co . Inc . , P otent i a l  Environmental 

Cons equenc e s  of Tert iary Oil Recovery , F inal Repor t ,  for the 
U . S .  Environmental P ro te c t i on Agency , July 1 9 7 6 , p .  5 1 . 

IV- 4 5  
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'l,ABLE IV- 1 3  

COMPARISON O F  EM I S S I ON RATES PER BARREL BURNED AS DETERMINED BY E PA 
DOCUMENT AP - 4 2  AND THOSE DETE RM I NED BY ON - S I TE MEASUREMENTS 

CRUDE l RES I DUAL 2 
( lb/bb l ) ( l b/bb l ) 

s o 2  6 . 8 S 3 6 . 6 S 3 

NO ( a s  N0 2 ) 3 . 0 2 2 . 5 2 x 

P M  . 5 . 5 4 6  

BC . 1  . 0 4 2  
4 

c o  . 0 2 . 2 1 

1
Ene rgy Re s o u r c e s , Pot e n t i a l  Envi ronme n t a l  Con s eq ue nc e s  o f  Te r t i a ry 

C:: � l E;�-�overy , 1 9  7 6 , p .  l 7 3 . 
· 

2 u . s .  Env i ronmen t a l  Prote c t i on Agency , Comp i l a t i o n  o f  A i r  P o l l ut a n t  -��ni ::��--�on F a c to r s_ , Repor t  No . AP - 4  2 ,  1 9  7 3 .  

J P e rcent s u l f u r . 

4 Tota l  hydro �a rbon s a s  CH 4 . 



( 5 . 2  
bbl t 1 0

6 Btu wa e r
) x ( 0 . 3 5 4  ) x 

bbl o i l  bb l water 

3 . 0 2 lb NO 

( 
1 bbl c rude

) 6 5 . 7 4 1 0  Btu 

x ( 
x 

bbl c rude 
= 0 . 9 6 9  lb NO /bb l o i l  x 

or 4 . 8  x 1 0 - 4  ton NO /bb l o i l  ( for c rude o i l  
x 

as fue l )  

This value c an now be used to de rive emi s s ion coe f f i 
c ients for a l l  o f  the other pol lutants and for other fue l s  
b y  us ing the corre sponding ratios o f  emi s s ion rate s f rom 
T ab l e s  IV- 1 2  and IV- 1 3 . The resulting emi s s ion coe f f ic i ents 
for an average steam drive pro j ec t  are l i s ted in T ab l e  
IV- 1 4 . The f i r s t  column values a r e  gener a ted from the 
oxide s of n i trogen c a l cu la t ion and T ab l e  IV-1 3 .  The other 
two columns are ca l cul ated us ing the 20  MMBtu/hr values o f  
NOx re leas e f rom T ab le IV- 1 2  t o  obtain value s f o r  NOx 
produc tion when burning r e s idual o i l  or natural gas . The 
other po l l utants then fo l low . The us e o f  Table IV- 1 2  
automat i c a l ly accounts for the var i ations in therma l value s 
between fue l s , as we l l  a s  the a s s umed bo i l e r  e f f i c i ency and 
po l lu tant product ion rates . Brackets around the values for 
carbon monoxide when burn ing r e s idual fue l o i l  and natural 
ga s  serve to remind the reader that data from b o i l e r  manu 
facturers and actual f i e ld operat ion of the crude - f i red 
bo i l e r s  indicate that the s e  bo i le r s  are c le aner than expec ted 
when compared to the broad e s t imate s taken from AP - 4 2 .  

S hould i t  be des irable to use s imi lar emi s s ion coeff i 
c ients for the cyc l ic s te am proces s ,  then the appropri ate 
value s may be obtained by mul tiply ing tho s e  in Tab l e  IV- 1 4  
by the ratio o f  the average values o f  SOR ( cyc l ic ) /SOR 
( dr ive ) or 0 . 3 0 8 , and the corre s ponding emi s s ion coe f f i c i ents 

are reported in Tab le IV-1 5 .  

I n  order to re l ate emi s s ion rates to amb ient a i r  qua l i ty , 
some as sumptions mus t  be made about the con f i guration o f  the 
sourc e s  of the r e l e a s e . F i e lds undergo i ng s team in j e c t ion 
gene r a l ly have mo re than one bo i l er uni t  operating at any 
one t ime , w i th l arger p ro j ects  having c orre spondingly l arger 
number of bo i lers . Anothe r study 3 cons idered the range 

3 Energy Re sour c e s  Co . In c . , Poten t i a l  Environmental 
Cons equences o f  Tert iary Oil Recovery , pp . 1 6 5 - 1 7 0 . 
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TABLE IV- 1 4  

EMI S S I ON COEFF I C I E NTS P E R  BARREL RECOVERED FOR AVERAGE l S TEAM DRIVE P ROJECTS 

so2 

NO x 

PM 

HC 

co 

CRUDE O I L  

( ton/bbl ) 

1 . 0 9 x l 0
- 3 s 2 

( a s  N02
) 4 . 8 4 x 10 

- 4 

8 . 0  x 1 0  
- 5 

1 .  6 x 1 0  
- 5 

3 . 2  x 1 0  
- 6 

RES IDUAL O I L  

( ton/bb l ) 

- 3 2 1 . 0 6 x 1 0  s 

4 . 0 4 x 1 0  
- 4 

8 . 8 x 1 0
-5 

3 
x 1 0

- 6 6 . 7 

( 3 .  4 x 1 0
- 5 ) 

NATURAL GAS 
( ton/bbl ) 

6 . 5  x 1 0  - 7  

2 . 5  x 1 0  - 4  

1 .  6 x 1 0  
- 5 

3 . 3  x 1 0  
- 6 

- 5 ( 1 . 9  x 1 0  ) 

1wor s t  c a s e  va l u e s  are o b t a i n e d  by mu l t ip l y i ng by 1 . 2 9 .  
2 

Percent s u l fur . 

3 Tot a l  hydroca rbo n s  a s  CH 4 . 

3 

NOTE : Maximum values quoted for N02 r e l e a s e  we re u s e d  i n  d e r i vi ng 
the above f i gure s . 



TABLE IV- 1 5 

LONG-TERM EMI S S ION COEFFI C I ENTS FOR AVERAGE
l 

CYCLIC STEAM PROJECTS 

C RUDE O I L  RES IDUAL O I L  NATURAL GAS 

( ton/bb l ) ( ton/bb l ) ( ton/bb l )  

3 . 3 6 x 1 0
- 4  

s 2 - 4  2 - 7  
so2 

3 . 2 6 x 1 0  s 2 . 0 0 x 1 0  

NO ( as N02 ) 
- 4  - 4  - 5  

1 . 4 9 x 1 0  1 . 2 4 x 1 0  7 . 7 0 x 1 0  
x 

PM 2 . 4 6 x 1 0  
- 5  2 . 7  x 1 0 - 5  4 . 9 3 x 1 0  

- 6  

3 3 H - 6  - 6  - 6  
< HC 4 . 9 3  x 1 0  2 . 0 6 x 1 0  1 . 0 2 x 1 0  
I � - 7  - 5  - 6  l.O co 9 . 8 6 x 1 0  ( 1 . 0 5 x 1 0  ) ( 5 . 8 5 x 1 0  ) 

1wor s t  c a s e  va l ue s  are obtaine d  by mul t i p ly i ng by 1 . 6 4 .  

2 Percent s u l fur . 

3 
Tota l  hydroca rbons a s  CH

4
. 



o f  s te am drive deve l opments acro s s  the country and c ho s e  
typ i c a l  operating parameters  repre s entat ive o f  a l arge f i e ld 
deve lopment , s uc h  a s  the one s in operation i n  the Kern River 
area of C a l i forni a ,  and a sma l l  f i e ld deve lopme n t , typ i f ie d  
by t h e  Winkleman Dome pro j e c t  i n  Wyoming . 

The l arge dev e lopment c a s e  wa s synthe s i z ed from an 
ana lys i s  of ma j or o i l  f i e l d s  in C a l i fo rn i a  corrected for 
skew in the s i z e d i s tr ibution attributab le to very l arge 
f ie ld s  ( greater than 1 3 , 0 0 0  acre s ) . A typ i c a l  f i e ld o f  
5 , 7 6 0  acre s with n ine s e ctions o f  6 4 0  a c r e s  e ac h  wa s c ho s en ; 
i t s  conf iguration i s  a 3 -mi l e  by 3 -mi l e  square , conta i n ing 
36 2 0 -MMBtu/hr bo i le r s , and 7 2  5 0 -MMBtu/hr b o i l e r s . The 
sma l l  deve lopmen t  cove r s  an area o f  2 0 0  acre s , and contains 
2 5 0 -MMBtu/hr un i t s . 

Tab l e  IV- 1 6  s hows the max imum pred icted concentration 
of sul fur dioxide from the large f i e l d  c a s e  located in 
central C a l ifornia a s  c a l cu lated us ing EPA ' s  C RSTER mod e l .  
T h i s  mode l pred i c t s  the wor s t  c a s e  o r  maximum concentrat i on 
for s ho r t - te rm ave raging periods ( 3  hour or 2 4  hour ) a s  wel l  
a s  generat ing a n  e s timate o f  annua l ave rage concentra t i on s . 
The va lues  presented for NOx and part iculates  were d e r ived 
from the S02 e s t imat e s  by s imp le proportion . 

Annual 

24 -Hour 

TABLE IV-1 6 

ESTIMATED MAXIMUM F IELD CALCULATIONS OF THE THREE MAJOR 

POLLUTANTS FROM THE SMALL AND LARGE AGGREGATES 

OF STEAM BOI LERS 

( The s e  value s are for c rude o i l  bo i l e r s  

u s ing 1 . 2 3  percent sul fur fuel . )  

so
2 

( µ g/m
3

) 

NAAQS SMALL LARGE 

8 0  

3 6 5  

N O  ( e s t . )  x 
3 

( µg/m ) 

NAAQS SMALL LARGE 

1 0 0  

PM ( e st . )  

3 
( µg/m ) 

NAAQS SMALL LARGE 

7 5  

2 6 0  

0 . 8  

5 . 5 

3 -Hour 1 , 3 0 0  

1 3 . 5  

9 1  

5 2 9  

1 4 0  

64 0 

6 6 2  

4 . 9 

3 3  

1 9 2  

6 2  

2 0 5  

2 9 5  3 2  

1 0 . 3  

3 4  

4 9  
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S imi lar awb ient concentration s  can be c omputed for 
res idual fue l o i l  and natural gas boi lers through the us e of 
the emi s s io n  rates found in Tab le IV- 1 2 . Hydroc arbon and 
c arbon monoxide emi s s ions are so sma l l  that the i r  impact on 
amb ient a i r  qua l i ty is ins i gn i f i c ant . 

Maximum amb ient c oncentration c a lculations for the 
sma l l  deve lopment c a s e , where 1 . 2 3 percent s ul fur c rude i s  
as sumed , showed n o  v i o l a t i ons o f  the nat i onal s tandards . 
F urther proportional e s t ima te s for particu lates and NOx 
con f i rmed that the s e  too were considerab ly below the regu
latory level ( s e e  Tab le IV- 1 6 )  . 

The large deve lopment cas e r e s u l t s  ind i c ate that , under 
the a s s ump tions used , the so 2 annual and 2 4 -hour s tandards 
c o u ld be e xc eeded . I f  th i s  were the ca s e , the bo i le rs would 
not be p e rmit ted to operate wi thout s ome means of contro l , 
s uch as burn ing lowe r sul fur content o i l  or emp loying s c rubbe rs . 
The p eak concentrat i ons from o i l f ie ld boi lers occur f a i r ly 
c l o s e  to the un i t s  and in many c a s e s  would f a l l  at locations 
within the f i e ld boundarie s . Under tho s e  c i rcums tan c e s , the 
EPA wou l d  not cons ide r the s t andard to be exceeded as the 
points f a l l  with i n  the p roperty fence l i ne . Tho s e  working 
within the f i e ld would , in that c a s e , b e  sub j ec ted to e xposure s , 
dur ing working hour s , po s s ibly exceeding standards . 

S ome means o f  abatement would b e  n eeded at many s i t e s , 
s ince the s u l fur content a s soc i ated with s team i n j ect ion in 
many f i e lds i s  s u f fic iently high to cau s e  prob l ems meeting 
s tandards . T ab le IV-9 inc luded repre s entat ive ana l y s e s  o f  
fue l sul fur content 4 for many o f  the f i e lds under deve lopment . 
Re gions o f  acute amb i ent so 2 prob lems would p robab ly demand 
h i gh ly re s tr i c t i ve aba tement proc edure s . Howeve r ,  mo s t  
regions may require only a mode s t  inves tment i n  b o i l e r  
con f iguration change s t o  in crease e f f ec tive plume r e l e a s e  
h e i g h t s  and thereby re l ieve the maximum ground level impac t s . 
U s e  o f  s u l fur dioxide s crubbers would repres ent a �ore 
cos tly approach to the abatement prob lem . 

Wh i le the d i s c us s ion s o  far i s  foc used on emi s s ions and 
as soc i ated a i r  qua l i ty leve l s , the impact o f  concern i s  
human he a l th . Appendix K contains s ome data pertinent to 
the re lations hip betw0 2 � S0 2 and health . The s tatutory 
bas i s  of the air qua l i ty s tandards contains the imp l i c i t  

4 c . M .  McKinney , E . P .  Ferro , and W . J .  Wenge r ,  Analys i s  
o f  C rude O i l s  from 5 4 6  Important O i l f i e lds in the United 
�tate s , Bureau 6f Mines Report �o . 6 8 1 9 , 1 9 6 6 . 
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a s s umpt ion of a threshold b elow whi ch no adverse heal th 
e f fects occur . I n  the cas e o f  so2 there exi s ts cons ide rab l e  
controversy conce rning the actual chemical spec ies  i nvo lved 
in the s everal heal th effects a s sociated with so2 . 

2 .  In-S i tu Combus tion 

2 . 1  I ntroduc tion 

Al though therma l recovery methods have become more 
wide spre ad over the l a s t  s everal years , mo st o f  the 
current activity has been direc ted toward the use o f  
s team in j ec tion methods . However , there are s t i l l  s everal 
produc tive and succe s s ful fireflood p ro j ects underway . 
Recent p i lo t  e f fort s have been di rected at evaluating the 
we t combus tion proces s e s  that are theoreti c a l ly more econo
nomical than the s treightforward dry combus t ion method . Both 
of thes e  techno logies are discussed b elow in terms of the 
resource s they require and the environmental res idua l s  the y  
generate . Local air qual ity e f fects are potentially the 
mos t  s evere impacts to be expected . Water treatment and 
brine di sposal  e f fects are s imilar to tho s e  encountered with 
conventiona l techno logy . 

Although th i s  technology i s  cons idered b y  many 
petro l eum eng ineers to be s t i l l  in the deve lopmental. s tage , 
there are quite a number of pro j ects currently underway . 
Table IV- 1 7  contains a l i s t  of kr.own pro j e cts , showing con
side rab l e  dive r s i ty in the s i ze and locat ion of the pro j ects . 

2 . 2  Proc e s s  Des cription 

In-s itu combus tion methods are based on genera ting 
heat within the oil reservo i r  by burn ing part o f  the o i l  
pre s ent . A typical proce dure invo lve s  pumping a i r  i nto the 
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TABLE IV- 1 7  

CURRENT IN- S I TU COMBUS T I ON P ROJECTS I N  THE UN I TE D  STATES 

F I ELD 

Combu s t i o n  P ro j e c t s  
Kern R i v e r  
I.o s t  l l i l l s  
M i dwa y - S u n s e t  

M i dway-S u n s e t  
M i dwa y - S u n s e t  
P a r i s Va l l e y 

B r e a -O l i nd a  
Ca t C <r n yon 
Ru s s e l  Ha n c: h  

Rob i n son 
Be l l evue 
Be l l e v ue 

B e l levue 
P i ne I s l a n d  
W .  l l e i d e l b e r g  

W .  lle i d e l be r g  
Red B a n k  
Loco 

We s t  7 6  
T a l co 
G l or i a n a  

G l e n  H umme l 
L i t t l e  Tom 

* ! I F  = h a l f  f i n i s hed ; N C  

S'l'ATE 

C a l . 
Ca l .  
Ca l .  

Ca l .  
C a l . 
C a l .  

C a l .  
C a l .  
C a l .  

I l l .  
La . 
La . 

L a . 
La . 
M i s s . 

M i s s . 
Ok . 
Ok . 

'I'e x .  
Tex . 
Tex . 

're x .  
'l'ex . 

C O U N 'I'Y 

Ke r n  
K e r n  
K e r n  

K e r n  
K e r n  
Mon terey 

OPERATOR 

Cha n s . We s t  
Mob i l 
C h a n s . We s t  

Mo b i l  
Mob i l  
I l u s k y - E RDI\ 

O r a n g e  U n i o n  
S a n t a B a r b a r a  Conoco 
S a n t a  B a r b a r a  A RCO 

C rawford M a r a t h o n  
Do s s i e r  C i t i e s  
13 o s s i e r  C i t i e s  

13o s s i e r  
C a dd o  
,Ta s p e r  

J a sper 
C r P e k  
S t ephe n s  

Duva l 

Ge t t y 
C o noco 
G u l f 

G u l f  
S u n  
Conoco 

Mob i l  
F r a n k l i n & T i t u s  Exxon 
W i l s o n  S u n  

W i l s o n  
Z ava l a  

S u n  
H a nov e r - E RDA 

ARE/\ , 
ACRES 

5 
1 4 0  
1 5 7  

1 5 0  
3 9 0  

'1 4  
3 

2 0  

1 3 0  
1 0  
1 0  

5 1 3  
6 0  

3 0 0  

5 
2 0 0  

2 '1  

5 '1 5  
2 0  

5 1 3  

6 0 0  
1 4  

n e a r i ng comple t io n ; J S  = j u s t  s t a r t e d ; T e r m . 

N U Ml3ER WELLS 

P ROD . I N J . 

4 
5 0  
1 2  

3 1  
4 0  
Il l 

2 0  
'1 
6 

4 1  
2 1  
2 1  

1 9 4  
1 7  

6 

3 
6 

2 5  

B 
7 
9 

1 8  
3 

l 
5 
3 

5 
5 
5 

2 
l 
l 

3 
4 
4 

5 5  
6 
l 

l 
2 
5 

l 
l 
2 

4 
1 

t e rm i n a t e d . 

DEP'rH 
FT . 

4 0 0  
3 0 0  

1 , 5 0 0  

2 , 7 0 0  
1 , 6 0 0  

B O O  

3 , 5 0 0  
3 , 9 0 0  
3 , 5 0 0  

1 , 0 0 0  
4 0 0 

3 3 0  
1 , 0 2 3  

] J I 7 5 0  

5 , 0 0 0  
3 , 3 0 0  

2 2 0  

1 , 3 5 0  
4 , 2 0 0  
1 , 6 0 0  

2 , 3 0 0  
2 , 7 0 0 

P ROJECT* 
Ml\T U R I 'I'Y 

J S  
I I F  
J S  

7 5 % comp . 
3 0 %  comp . 
J S  

! I F  
J S  
N C  

NC 
N C  
J S  

IW 
! IF 
! IF  

J S  
N C  
J S  

E N H ANCED 
P RO D . 
bo/d 

2 0  
5 0 0  
3 0 0  

5 0 7  
2 9 3  

3 - 5 0 0  

0 

0 
3 0 0  

2 I 0 0 0  
5 0  

4 1 0 

1 0 0  
1 0 0  

3 0  

N C  9 0  
'l'e r m .  1 0 - 7 5  3 0 - 4 0  
Term . J - 7 4  

N C  
J c .) 0 

S ource : " U . S .  
Oi l and Gas Journ a l  

The rma l Re cove ry Ac t i vi ty Grow i ng S te a d i l y , "  P roduc t i on Repo r t , 
7 4  ( 1 4 )  ( Apr i l  5 ,  1 9 7 6 ) , pp . 1 1 2 - 1 1 3 . 



forma t i on through a forme r produc t i on we l l  to feed an ex
panding burn ing z one wh i c h  enhan c e s  o i l  produc t ion at s ur 
rounding we l l s . 

T h i s  burning z one reache s temperature s of 6 0 0 °  F to 
1 , 2 0 0 °  F depend ing upon the r e s e rvo i r ' s  phys i c a l  character
i s t i c s  and the operating cond i t i ons of the pro j e c t . The 
heat from the burn ing front produc e s  coke in the reg ion 
ahead of the burn ing zone through the cracking and d i s t i l 
lation o f  crude o i l  which d i s s oc i ate s the l i ghter from the 
heavi e r  hydrocarbons . The s e  coke res idual fractions are 
compo s ed o f  h igh bo i l ing po int hydrocarbons containing 
oxygen , sul fur , n i trogen , and trace me tals , and form the 
mate r i a l s  which fue l the combus t ion proces s .  There fore , the 
abi l i ty of a crude to produce coke has a direct impact on 
the viabi l i ty of a f i r e f lood pro j e c t . 

Another important z one ahead o f  the burn ing front i s  
made up of vapor i z ed l ight hydroca rbon s .  As the s e  gas e s  
are dr iven through t h e  r e s e rvo i r , they d i s p l ac e  some of the 
o i l , thereby improving the o i l  recovery at the ne arby pro 
duc ing we l l s . A s  the combust ion z one advances i n  the 
res ervo ir , o i l , l ighter hydroca rbon s , wate r , and combus tion 
ga s e s  are a l l  dr iven toward the produc ti on we l l s . The 
burned out zo ne l e f t  behind i s  made up o f  hot , c l e an , f in e 
grained s and . 

Thi s heat contained in the combus ted z one i s  of l i t t l e  
value t o  the proc e s s e s  enhanc ing o i l  re covery beyond the 
f l ame front , and the refore repre s ents a cons ide rab l e  lo s s  of 
energy e f f ic iency . Two methods have been deve loped to 
improve t h i s  s i tuation , and the te rm we t combus tion i s  
gene r a l l y  app l i ed to both . 

The s imp l e s t  wet combu s t ion p roc e s s  invo lves shutting 
down air i n j e c t ion once the burning front has reached a 
predetermined s i z e , and i n j e c t i ng water in i t s  place . Thi s 
water w i l l  trans fer the bulk of the res idual heat i n  the 
dep leted z one acro s s  the burn front . I n i t i a l l y , the wa ter 
i s  quickly trans formed to a s upe r-heated s team wh ich pene 
trates the coo l zone ahead of the burn front , thereby enhan c i ng 
produc tion in a steam dr ive mode we l l  beyond the burn front . 
As the i n i t i a l  heat charge i s  spread acro s s  the front , 
continued waterf looding wi l l  r e s emb le a hot water fl ood 
s i tuation where the water s erve s as a pres sure as we l l  as 
therma l trans fer medium , taking advantage of lowe r o i l  
v i s c o s i ty due to the increased temperatures pre s en t . F in a l l y , 
i f  the water f lood i s  a l lowed to continue up to the l imit o f  
economi c viabi l i ty , the pro c e s s  be come s a s traight forward 
wa terf lood . 
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The second we t combusti on method i s  r e ferred to by i t s  
patent name " COFCAW " ( comb ination o f  forward combus tion and 
water flooding ) and was deve l oped by the Amoco Product ion 
Company ( forme r ly P an Ame r i c an O i l  C ompany ) .  T h i s  pro ce s s  
emp loys a water i n j e c t i on s trategy that a l lows int imate a i r  
and water in j ec t ion . In th i s  dynamic proc e s s  the burn 
region is l imited to an area termed the heat bank . The area 
behind the front no longer burns unt i l  the coke s upply i s  
cons umed , s ince the heat has been mo s t ly s c avenged by the 
in j ec ted water . Some o f  the inj e cted water then occup i e s  
thi s  reg ion and i s  continua l ly f e d  toward the h e a t  bank 
i t s e l f .  As soon as i t  contacts the heated area it i s  
conve rted t o  steam whi ch flows on ahead o f  the bank , d i s 
p l ac ing much o f  the o i l . Th i s  d i s p l ac ement a l s o  reduc e s  the 
vo lume of coke which is eventua l ly produced . Whi le this  i s  
occur r ing , enough a i r  i s  s upp l ied t o  ma intain the temperature 
o f  the heat bank aga i n s t  tho s e  lo s s e s  due to pha s e  change s 
and heat conduc t ion to the s urround ing format ions . S ince 
the heat bank is of l imi ted exten t , and i t s  opt imum tempe ra
ture needs to be only s omewhat greater than the vapori z at ion 
point o f  water at r e s ervo ir pre s sure s , the demand s upon the 
air inj e c t ion rate are reduced to about one - th i rd o f  the 
leve l s  required for dry combus tion . 

2 . 3  E nvironmental Impacts 

The ma in sub s tances required for the var ious c ombus t ion 
proc e s s e s  descr ibed above are air , water , and o i l . The 
f i r s t  of the s e  is in abundant supp ly and needs no further 
con s ideration . Water in j ec tion is nece s s ary in the we t 
combus t ion proce s s e s  only , and i s  in many p l ac e s  a heav i ly 
ut i l i z ed res ource . The o i l  i n  p lace wh ich i s  burned a s  the 
pr imary heat ing fue l is a non-renewab l e  res ourc e . There fore , 
the ma j or resource o f  concern in the f ire f l ood pro c e s s  i s  
the amount of water ut i l i z ed . 

2 . 3 . 1  Water C on s ump tion 

The B e l levue f i e lds o f  Lou i s i ana are current ly under 
deve lopment by the two - s tage wet c ombus t ion proc e s s of 
f i r e f looding fol lowed by waterflooding . This area appears 
to be quite repr e s entative o f  the f i e lds l i s ted in Tab l e  
IV- 1 7  above . Accord i ng to performance data from the pro j ect 
run by C i t i e s  S e rvice Oil Company , the water - to - o i l  ratio in 
the per iod f o llowing the combus t ion s tage was about 1 8  
barr e l s  o f  water per barre l o f  oi l recove red . s As the 

5
T . P .  L i tt l e , " F ir e f looding at B e l l evue , "  P e troleum 

Eng ineer 4 7  ( 1 2 )  (November 1 9 7 5 ) . 
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format ion coo l s  down and the recovery become s e s s en t i a l ly a 
water f l ood proce s s ,  water consumption rate s increase  into 
the r ange of 3 0  to 4 0  barre l s  o f  water per b arre l of o i l  
recove r ed . I n  a l l , s igni f ic an t  thermal enhancement proceeds 
for about a year after the f i r e f l ood , with the warm wate r f lood 
continuing for another 1 to 2 years . Water use rates for 
the COFCAW-type proc e s s are theoret i c a l ly much lowe r , around 
5 to 6 barr e l s  o f  water per barrel of o i l  recovered , but 
thi s  r ate s pans the c ombustion period ins tead of the water
f lood s tage . 

2 . 3 . 2  Atmo s pher i c  Emi s s ions and E f fects  

The a tmo spher i c  emi s s ion s a s soc i ated with in-s i tu 
combu s t ion a r i s e  from activi t i e s  at both the i n j ec tion and 
product i on we l l s . T ab l e  IV- 1 8  pre sents the c ompo s it ion o f  
important quant i t i e s  in the p roc e s s  gas s t re am a s  ave raged 
over 3 1  combus tion pro j ects . Reg ional var iations in r e s e r 
vo i r  characte r i s t i c s  and operating characte r i s t i c s  o f  c om
bus tion pro j ects  would a f fect the leve l of emi s s ions produced . 
The a s s umption o f  negl igible S 02 emi s s ions i s  based on the 
obs e rved pH of the produced water from the pro j ects  surveyed . 

Carbon monoxide and l ow mo l ecular we ight hydro c arbons 
are the chief  components tha t  might a f f ec t  the air qua l i ty . 
I n  order to interpret the f i gure s  der ived for the numb e r  o f  
tons o f  po ll utant per barre l o f  o i l  produced , i t  i s  nec e s -
s ary t o  cons ider the amount o f  thes e  r e l e a s e s  a t  a n  average 
produc ing we l l . Us ing product ion f i gure s conta ined in 
Tab l e  IV- 1 7 , a l l  but one of the s ucce s s ful pro j ects  had 
produc tion average s between 1 0  and 2 5  barr e l s  of o i l  per day 
per we l l . The one that did not con form was the We s t  He ide lberg 
pro j e c t  in Jasper County , Mis s i s s ippi , who s e  other character
i s ti c s  also tend to i s o l ate i t  ( no te particularly i t s  depth ) . 
Thi s pro j ec t  i s  produc ing 7 1  barr e l s  o f  o i l  per day pe r 
we l l . There fore , i t  i s  a s s umed that an average we l l  produce s  
1 6  barre l s  o f  o i l  pe r day . S tatements about the 7 1  bb l/day 
repre s enting a wor s t  c a s e  for we l lhead po l lutant r e leas e s  
a r e  r i sky s ince that particular pro j ec t  might pos s e s s  
exceedingly atypical a i r -to-o i l  recovered ratios a s  we l l . 

For the purpo s e s  o f  e s t imating the highe s t  po s s ib l e  
down s tr e am concentration o f  a po l lutant re l e a s ed at a pro
duct ion we l l  o f  an in- s i tu combustion proj ect , i t  i s  a s s umed 
that an entire f ie ld is deve loped by inverted five - s po t  
i n j ection pro j e c t s  o f  2 . 5  acres e ach . Th i s  resul ts in a 
grid o f  ground l eve l point s ource s  s e t  1 0 0  meters apar t . I t  
i s  a s s umed that the f i e ld boundary i s  a t  l e a s t  1 0 0  me ters 
away from the c l o s e s t  we l l  ( s ee F i gure IV- 4 ) . 
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TABLE IV- 1 8  

AVERAGE POLLUTANT LOAD I N  PROC E S S  GAS STREAM 
FROM IN - S I TU COMBUST ION P ROJECTS 

POLLUTANT 

co 

Hydro c arbon 
( non-me th ane ) 

NO x 

EMI S S I ON RATE 

Emi tted in late pha s e s  on l y , no data 

6 . 2 5 x 1 0 - 3  ton/bb l 

1 . 2 7 x 1 0 - 3  to n/bb l 

Formation not favored due to combust ion 
tempe rature s -- ni trogen gas favored 

Sourc e : Energy Re sourc e s ,  P o tential Envi ronmental 
Con seque n c e s  o f  Tertiary Oil Recove ry , 1 9 7 6 , p .  5 2 . 
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x ( 5 0 0  m )  

x ( 4 0 0  m )  

x ( 3 0 0  m )  

x ( 2 0 0  m )  

x ( 1 0  0 m )  

1 0 0  m 

[ . 
• • • • • • 

1 0 0 m 0 0 0 0 0 0 

• • • • • • • 
0 0 0 0 0 0 

(--- • • • • • • • ---7 
0 0 0 0 0 0 

• • • • • • • 

0 0 0 0 0 0 

• • • • • • • 

I 
I 
I 'V 

F igure IV-4 . A repre s entation o f  a larg e - s c a l e  
f i r e f lood proj e c t . " x " repre s ents measurement points , 
" � " repre sents produc t i on we l l s , and " o "  repre sents 
in j ection we l l s . 
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The pol lutants of pr imary concern in in- s i tu combus tion , 
c arbon monoxide and hydro carbons , have short-term air qua l ity 
s tandard s , un l ike tho s e  emi tted by s team b o i l e r  emi s s ion . 
The s tandard for hydro carbons i s  expr e s s ed a s  a 3 -hour 
ave rage , and the two for c arbon monoxide a s  1 -hour and 8 -hour 
average s . For th i s  reason , the me thod for e s t imat ing the 
wor s t -ca s e  s i tuation d i f fe r s  from that emp loyed in e s t imating 
the longer term average s  a s s o c i ated w i th S 0 2 , NOx , and PM 
emi s s ions from s team inj e c t i on pro j ec t s . The procedure 
fol lows the s t andard i zed method deve loped by the EPA and 
de s c r ibed in the wide ly used 6 and acc epted Workbook of Atmo s 
pheric D i spers ion E s t imate s . 

The method deve lops e s t ima te s of a norma l i z ed factor , 
xu/Q ,  from wh ich the ground leve l con centration ( X )  can b e  
ca lculated for a g iven wind speed ( u )  and emi s s ion rate ( Q )  . 
Table I V- 1 9  shows the r e s u l ting va lue s for a tmo spheric 
s t ab i l i ty c la s s e s  A ( un s table ) ,  D ( neutral ) ,  and F ( s tab le ) 
C learly , c la s s  F repre s ents the wor s t  c a s e , and i t  w i l l  be 
the focus of a l l  further ana ly s i s . The values corre spond to 
the l o c ations of re cepto rs , s e t  at increments of 1 0 0  me ters , 
a long one o f  the source g r id l i n e s , as s hown by the x ' s  i n  
F i gure I V- 4 . 

TABLE IV- 1 9  

' 1 s -
VALUE S OF xu/ Q FOR OURCE ARRAY SHOWN IN F I GURE IV- 3  

D I S TANCE STAB I L IT Y  
( m )  A D 

1 0 0  . 0 0 1 4 9  . 0 1 4 3 

2 0 0  . 0 0 0 6 4  . 0 0 6 3  

3 0 0  . 0 0 0 3 6  . 0 0 3 9  

4 0 0  . 0 0 2 7  

5 0 0  . 0 0 2 0  

1 3 x - po l lutant concentration ( g/m ) 
u = wind speed (m/ s e c ) 
Q = emi s s ion rate ( g/ s e c ) 

CLAS S 

.F 

. 0 5 7 3  

. 0 2 5 3  

. 0 1 5 3  

. 0 1 0 3  

. 0 0 7 3  

6 - 1 1- 1 .;:: • • • • • 
D . B .  Turner , 0orK�OOK a �  Atmo s oner i c  D 1 s o e r s 1 0 �  E s t ima te s , 

f o r  the C .  S .  Envi ronmental Protec t i o� Agency , l 9 "7 0  ;· J??�-1.f.:--1 7  . --
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A 1 6  bb l/day we l l  produc e s  about 2 0 0  pounds o f  c arbon 
monoxide per day , or about 1 g/s e c . I f  th i s  i s  r e l e a s ed 
continuou s ly to the atmo sphere from every produc tion we l l  �n 
the d e s c r i bed f i e ld under the wors t c a s e  cond i t ions o f  ( 1 ) 
r e l e a s e  height a t  ground leve l , ( 2 )  w ind s peed o f  1 me ter 
per s econd , and ( 3 )  s tab i l i ty c l a s s  F ( very s tab le ) , then 
the r e s u ltant downwind concentrat ion are tho s e  l i s te d  in 
Table IV-2 0 .  The s e  e s t imate s are appropriate for ave raging 
t ime s of 1 hour . The F edera l s t andard for ambi ent c arbon 
monoxide conc entrat ion s i s  4 0  mg/m 3 with an ave raging t ime 
of 1 hour . The r e s u l t s  ind i c a t e  no vio l ations o f  the 1 -hour 
s tandard are expec ted even under wor s t  c a s e  meteoro logi c a l  
c ond i t i on s . 

TABLE I V- 2 0 

WORST CASE E ST I MATE OF DOWNWIND CO CONCENTRAT IONS 
FROM A LARGE F I ELD UNDE RGOI N G  F I RE FLOODING 

D I STANCE CONCENTRAT I ON 

( m )  
3 

(mg/m ) 

1 0 0  3 4 . 9 

2 0 0  1 5 . 4  

3 0 0  9 .  3 

4 0 0  6 .  3 

5 0 0  4 . 5  

A s imi lar analy s i s for the produced non -me thane hydro
c arbon s s hows that an average we l l  may r e le a s e  up to 4 0 . 6  
pound s per day , or 0 . 2  g/ s e c . I f  th i s  i s  vented wi thout 
contro l under the s ame condi t i o n s  outl ined above , then the 
max imum wor s t  c a s e  conc entrations are tho s e  l i s te d  in Tab le 
IV-2 1 .  In  thi s c a s e , the s e  va lue s repre s en t  3 -hour average s . 
The nationa l s tandard for non -me thane hydrocarbons i s  1 6 0  
ug/m 3 , where the averag ing time i s  3 hour s . The s e  r e s u l t s  
s how the po s s ib i l i ty o f  s i gn i f i c ant vio lations of t h e  national 
hydrocarbon s tandard under the wors t - c a s e  a s s umptions u s ed 
for th i s  analy s i s . 
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TABLE IV- 2 1  

WORST CASE E S T I MATE OF DOWNWIND NON -METHANE HYDROCARBON 
CONCENTRAT I ON F ROM A LARGE F I ELD UNDERGOING F I RE FLOODING 

D I STANCE CONCENTRAT I ON 
( m )  ( µg/m 3 ) 

1 0 0 5 , 8 0 0  

2 0 0  2 , 5 0 0  

3 0 0  1 , 5 0 0  

4 0 0  1 , 0 0 0  

5 0 0  7 3 0 

I n  order to control the poten t i a l  problems as s oc i ated 
wi th hydroc arbon r e l e a s e  and s tay within the s tandards , s ome 
precautions can b e  taken . I n  certain regions o f  the c o untry , 
such a s  Texas , s econd ary combus tion o r  f l ar i ng may b e  requi red 
if the re leas e rate is s u f f ic i ently high . T h i s  is not expe c ted 
to prec lude the operation o f  in - s i tu comb u s t i on pro j e c t s . In 
f ac t , l arge pro j e c t s  may f ind i t  economi c a l  to recovery the s e  
g a s e s  for s a l e . The maj or areas o f  con c e rn would b e  tho s e  
s u f fer ing from oxidant problems . The pres ence o f  a pro j e c t  
n e a r  the s e  a r e a s  may aggravate t h e  problem through fug i t ive 
hydroc arbon emi s s ions a lone . 

Emi s s ions at an i n - s i tu pro j ec t  may a l s o  ari s e  as a 
re s u l t  o f  the compre s s ors needed to inj e c t  air into the 
res ervo ir . The un i t s  range between 4 0 0  and 1 , 2 0 0  hors epowe r 
and run on e ither natural gas or e le c tr i c i ty . The e le c t r i c  
mode l s  a r e  u s ed where d i s p o s ab l e  quanti t i e s  o f  gas are 
l imited , and they repres ent a minute power dra i n  on the 
ut i l i ty . There fore , the i r  impact on air qua l i ty is i n s ig
n i f i cant . 

Mode l s  that r un on natural gas are typ i c a l ly rated a t  
1 , 0 0 0  hp . T h e  p o l lutants o f  con c e rn for the s e  un i t s  a r e  the 
oxide s o f  n i trogen . A rec ent analy s i s  of a l a rge complex o f  
4 0  o f  the s e  1 , 0 0 0  h p  compres sors h a s  shown that a group a s  
large as th i s  tend s to produc e amb ient N0 2 leve l s  o f  more 
than twice the annual s tandard o f  1 0 0  µg/m 3 in Texas . 7 

7 
Pers ona l communi c ation , Texas Air Control Board , Aus t in , 

Texa s , 1 9 7 2 . 
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There fore , i t  i s  as sumed tha t  i so l ated s i ngle un i t s typ i c al 
of tho se used at f i r e f lood i n j e c tion we l l s  wi l l  produce 
l i ttle long te rm i�pac t .  Fur the r di s cu s s i o n  about comp r e s s o r  
engine impacts i s  pre sen ted i n  S e c tion IV . E .  

The envi ronmental r i s k s  un ique ly a s s o c i ated wi th f i re 
f lood te chno lo g i e s  re late to the emi ttants f rom the gas 
s tream , particular ly hydrocarbons and carbon monox i �e . Wh i le 
the impacts o f  a i rborne po l l utants v a ry f rom s i te to s i te 
depending on the r a te and extent o f  d i s pe r s i on , c e r t a i n  
gene r a l i z ations can b e  made about the r i s k s  at tached t o  
the s e  subs tances b a s e d  on the i r  gene r a l  toxi c e f f e c t s , a s  
d i s c u s s e d  in Appendix K .  

2 . 3 . 3  Wa te r E f f luents 

Water r e s idua l s  from the f i r e f lood proce s s  inc lude s uch 
pote n t i a l contaminants as trace me t a l s  and me tal oxide s f rom 
the crude which might be d i s s o lved in the a c i d i c  wate r s . 
Table IV- 2 2  pre s ents a l i s t  o f  trace e lements found in c r ude 
o i l s  f rom s ever a l  d i s t i n c t  o i l  region s . The s e  may repre s ent 
a contaminat ion prob lem through sp i l l s  and l e ak s  of low pH 
wate r . 

E LEMENT 

Ant imony 

Ar s e n i c  

Bar i um 

Mangan e s e  

N i ckel 

T in 

Vanadium 

'l'ABLE IV- 2 2  

T RACE E LEMENTS I N  U . S .  CRUDE O I L  

( parts per mi l l ion )  

ORI GIN OF C RUDE 

CAL I FOR...� IA LOU I S IANA 

< 0 . 0 0 7  0 . 0 5 

< 0 . 0 0 7  0 . 0 5 

< 0 . 0 6 0 . 0 9 

0 . 0 1 8  0 . 0 2 7  

7 7 . 0  4 . 4  

< 0 .  6 0 . 5  

4 8 . 0  1 .  0 

TEXAS 

< 0 . 0 1 

< 0 . 1 2 

< 0 . 1 4 

< 0 . 0 5 

3 .  3 

< 1 . 0  

1 .  9 

Sourc e : Ene rgy Res ourc e s  Company Inc . , P o ten t i a l  
Environmental Cons equenc e s  of Terti ary O i l  Recovery , July 
1 9 7 6 , p .  5 3 . 
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The u s e  o f  water i n  the wet c ombus t ion s t age o f  the 
f i re f  lood proc e s s  w i l l  nec e s s ar i ly prec l ude thi s  recovery 
mode from operating in areas exper ienc ing chron ic wa ter 
s hor tage prob lems . P rob lems as soc i ated with the highly 
corro s ive b r ine are d i s cu s s ed and evalua ted i n  Sec tion IV . D .  

3 .  Mis c ib l e  Recovery P roc e s s e s  

3 . 1  I ntroduc t ion 

One me thod of incre a s ing o i l  p roduc t ion from a res e r 
vo i r  i s  t o  employ a proc e s s  tha t  counte rac t s  t h e  forc e s  
which c a u s e  the retention o f  o i l  i n  a r e s e rvo i r  matr i x . 
Onc e  the s e  forc e s  are overcome a f l uid can be swept through 
the res e rvo i r  recovering the remai n ing o i l . S o lven t s  which 
can d i s s o lve o i l  and are o f ten emp loyed inc lude a lcoho l s , 
ke tone s , r e f ined hydrocarbon s , conden s ed petro l e um g a s e s , 
carbon d ioxide s , l ique f i ed natural gas or even var ious f lue 
ga s e s . 8 Of the s e , c arbon d iox ide w i l l p robab ly be the mo s t  
wid :y used . As the s o lvent become s enr i ched with o i l , i ts 
mi s c i b i l i ty with any rema i n i ng o i l  decreas e s . Th i s  p lace s  a 
l imitation on the amount o f  o i l  that can be recovered . 
There are three bas ic mi s c ib l e  d i s p lacement proce s s e s : high 
pre s sure gas , enri ched gas , and m i s c i b l e  s lug . 

The f ac to r s  that a f fect mi s c i b i l i ty inc lude r e s ervo i r  
length , i n j e c t ion rate , poro s i ty , perme ab i l i ty o f  the r e s e r 
vo i r  ma tr i x , s i z e o f  res ervo i r , temperature , and p re s s ure . 9 

3 . 2  C arbon D ioxide Methods 

The re are e s s ent i a l ly three typ e s  of carbon d ioxide 
i n j e c t i on pre s ently in u s e : 

• I n j e c t i on o f  c arbon d i ox ide f o l l owed by water o r  
carbonated water ( carbon dioxide and water ) 

• D i r e c t  i n j e c t i on o f  carbonated water . 

• I n j e c t ion o f  c arbon d ioxide a lone at h igh pre s s ure s . 

8
Inters tate O i l  Compac t Commi s s i on , S econdary and Ter

t iary O i l  Recovery P roce s s e s , Ok� ahoma C i ty , Okl ahoma , 1 9 7 4 . 

9
rnters tate O i l  Compact Commi s s ion , S econdary and Ter

t iary O i l  Recovery P roc e � s e s ; 1 9 7 4 . 
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The method chosen depends on the mi s c ib i l i ty o f  the o i l  with 
the p articular form o f  c arbon dioxide be ing i n j ec ted . This 
in turn depends greatly on the res ervo ir temperature and 
pre s sure . For purpo s e s  of as s e s s ing the environmental 
impacts a proc e s s  uti l i z ing both c arbon dioxide and water 
wi l l  be cons idered s ince thi s  pro c e s s  is the one with the 
mo s t  serious envi ronmental impac t . 

The dec i s ion to u s e  c arbon dioxide at a l l  depends to 
a l arge extent on the ava i lab i l i ty of a nearby inexpens ive 
source o f  c arbon dioxide such as a natural gas proc e s s ing 
p lant , ammonia p lant , or gas f ie ld . The re are three pos s ib l e  
ways t o  bring c arbon d ioxide t o  the o i l  f ie ld : truc k , rai lroad 
tank car , and p ipe l ine . 

C arbon dioxide i s  presently emp loyed on only one pro j ec t  
p roduc ing over 1 , 0 0 0  barr e l s  o f  o i l  p e r  day ( S acroc produc e s  
3 5 , 0 0 0  barre l s  per day ) . I t  i s  being used on 1 1  p ro j ects  in 
total ( Table IV- 2 3 ) . Two pro j e c t s  ( one partly funded by ERDA , 
the o ther by P enn z o i l )  are schedul ed to s tart up shortly in 
We s t  Virginia . Phi l l ip s  is p l anning a pro j e c t  for Utah i n  1 9 7 8 . 

The environmental impacts a s soc i ated with c arbon d iox ide/ 
mi s c ib le methods c an b e  c l a s s i f ied in two ma j or c atego r i e s :  

1 .  Trans portati on o f  the carbon d ioxide to the s it e  
and deve lopment o f  f ac i l i t i e s  t o  supply water i f  
i t  i s  t o  be u s ed along with c arbon dioxide . 

2 .  E nvironmental prob lems s uch as a i r  emi s s ions from 
produc t ion equipment and the po s s ib i l ity o f  s ur f ac e  
or groundwater contamination dur ing p roduc tion 
or brine d i s p o s a l  operation s . 

3 . 3  Environmental Impac ts 

3 . 3 . 1 General 

S he l l  O i l  Co . 1 0  i s  us ing carbon dioxide a t  its Little 
Creek F ie ld in L incoln and P ike Counti e s , Mi s s i s s ipp i , in 
an attempt to recover 55  m i l l ion barr e l s  o f  o i l  left a f te r  
wa ter flood ing . I n j e c t ion of carbon dioxide i s  at a rate o f  
2 3 0  tons per d ay and t h e  carbon dioxide i s  de l ivered t o  the 
d i s tr ibution sys tem in tank truck s  and 1 5 0 - ton rai lroad tank 
cars . In order to maintain the pre sent rate o f  f eed , over 
10 tank c ar s  have to be moved to the s ite e ach week . I f  a 
f i e ld had no r a i l road s id i ng and the carbon d ioxide were 

1 0 o i l  and G a s  Journa l  ( S eptember 2 ,  1 9 7 4 ) . 
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TABLE IV- 2 3 

CQ
2

_!1I_��:_I_�LE ___ P ROJEC�_IN TEIE _T}�_ITED STATE� 

F I E L D  STATE 

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

flugou l C r e e k  Wye . 

L i c l: • ' r e e k  A r k . 

Mcca l l um U n i t Colo . 

Li t t l c• C r e e k  M i s s . 

C i o s !> e t  Tx . 

N .  Cowden Tx . 

s .  G i l  luck Tx . 

S l .1 11<J h l c r  Tx . 

Two F r e d s  Tx . 

Ke l l. y - S n y<le r  Tx . 

Wa s s on 'l'x .  

N C  = ne a r i n g 

JS = j u s t s t a r ted 

H F  = ha l f  f i n i s hed 

Comp ! . = comp l e ted 

S u s p .  = s u s pended 

AREA , 
COUNTY O P E RATOR ACRES 

John son Te x a co - -

B r a d l e y - U n i on P h i l l i ps 1 , 6 � 0  

Jack son Conoco 6 0 1  

P i k e  S he l l  4 0  

C r a ne & Upton S he l l  1 , 7 0 0  

E c t o r  Amoco 1 2  

Ga l v e s ton Amoco 5 , 7 0 0  

lloc k l e y  Amoco 1 2  

Lov i n g , He <> v e s , llNG - -
w., rd 

Scu r ry S oc a l  5 0 , 0 0 0  

Yoakum f\ rco 3 2 0  

S o u r c e : The �i l and Gas Jou rna l ,  Ap r i l  5 ,  1 9 7 6 ,  p p .  1 2 0 - 1 2 1 . 

NUMBER WEI.LS DE PTH 
P ROD . IN,J . FT . 

J 2 2 , 0 0 0  

3 2  H 2 , 5 0 0  

1 9  � 1 , 2 5 0  

3 l 1 0 , 8 0 0  

1 7  9 5 , 3 0 0  

2 6 4 , 3 0 0  

3 8  1 1  9 , 0 0 0  

2 6 4 , 9 5 0  

1 7  1 1  4 , 9 0 0  

- - - - 6 , 9 0 0  

- - 9 5 , 1 0 0  

ENHANCED 
P ROJECT P ROD . 
MAT U R I TY BO/D 

NC 

JS 

HF 

N C  1 3 J  

J S  1 , 1 0 0  

H F  

J S  

3 5 %  comp l . 3 5 , 0 0 0  

S u s p . 2 - 7 5  



de l ivered by 2 0 -ton truc ks , the number o f  de l iver i e s  would 
inc rea s e  by a f ac to r  of nearly e ight . The S he l l  p ro j ec t  i s  
a p i lo t  s tudy , so ful l deve lopment o f  the f i e l d  might 
nece s s i tate d e l ivery of c arbon d i oxide by p i p e l ine f rom the 
sourc e . 

h S 
. 1 1  . . I n  S c urry County , Texa s , t e acroc Uni t  i s  u s i n g  

c arbon d iox ide fo l lowed b y  water i n j e ct i on . The c arbon 
d ioxide is being de l ivered by p ip e l i n e s  from a gas f i e ld 2 0 0  
m i l e s  away . The environmenta l impacts a s s o c i ated with th i s  
method inc lude tho s e  invo lved in the cons truc tion o f  the 
pipe l in e s  and the a ir , wate r , n o i s e , and tra f f ic p rob l ems 
a s s o c i ated with any s uch cons truc tion pro j ec t  and the running 
o f  p i p e l i n e s  a long r ights o f  way which may impac t the 
eco logy and l and i n  particular areas . The a lternative 
de l ivery method o f  carbon dioxide to the S ac roc Un i t  imp l i e s  
over 6 0 0  truck de l iver i e s  p e r  day and a to tal o f  ove r  2 4 0 , 0 0 0  
mi l e s  o f  truck travel p e r  day . Almo s t  c ertainly a c arbon 
diox ide i n j ection p ro j e c t  of any s i z e  w i l l  require a p i pe l in e  
de l ivery sys tem . 

3 . 3 . 2  Water Requi rements 

The c arbon dioxide p ro j e c t  at S ac ro c  con s ume s l arge 
quanti t i e s  of water . At the p r e s ent time , over 5 0 0 , 0 0 0  
barre l s  per day are be ing usedl 2  whi l e  3 5 , 0 0 0  b arre l s  o f  o i l  
are be ing produce d  from C02 i n j e c tion . About 4 0  percent o f  
the water used i s  makeup ; the r e s t  i s  recirculate d . P a r t  o f  
S ac roc ' s  makeup s upply come s f rom a nearby l ake and the r e s t  
from s a l twater we l l s . The water s upply , treatment and 
d i s tr ibution s y s tems at Sacro c  were a lre ady in p l ace . 
Usua l ly th i s  would b e  the c a s e , a l though i t  i s  po s s ib le that 
s omeone p lann ing to use terti ary recovery mi ght d emand 
h igher qua l i ty water than used in a water f l ood ing operation . 

The water u s ed a t  S ac ro c  has to be treated for various 
reasons . Ferric s u l f a te and l ime are nece s s ary to remove 
s o l id s  f rom the water and to p revent p lugging of the pores 
in the o i l  formation and to ad j us t  the pH . Chlor ine is 
added to d e s troy bacte r i a  which c an c aus e s l ime bui ldup 
in the formation and a l s o  to cut down on corro s ion of the 
s tee l p ip e  used for c a s ing . Oxygen i s  a l s o  d e s orbed by 
methane s tr ipping to reduce the corro s ivene s s  of the wate r . 

1 1o i l  and Gas Journal (Ap r i l  1 0 , 1 9 7 2 ) . 

1 2  P e r s on a l  c ommun ic ation , Mr . Robert S choo l e r , Chevron 
O i l  Co . ,  dur ing wee k  of August 1 6 , 1 9 7 6 . 
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At the S acroc f ac i l i ty , approximate ly 1 7 5  pound s o f  
f e r r i c  sulphate , 4 5 0  pounds o f  l ime and 5 0  pounds o f  chlorine 
are used per mi l l ion g a l l on s  of water tre ated . 1 3 At the 
pre sent time , ove r 7 mi l l ion gal lons are being tre ated on a 
d a i l y  b a s i s . 

3 . 3 . 3  Atmo s phe r ic Emi s s ions 

The operating cond i tions a t  S acroc require over 8 0 , 0 0 0  
hor sepower o f  compre s s ion c a p ac i ty to maintain pre s s ure and 
d e l ive r required quant i t i e s  o f  c arbon dioxide . The power 
requ i red for any c arbon d iox ide i n j e c ti on pro j e c t  come s from 
an e le c t r i c a l  source o r  from the u s e  o f  d i e s e l  fue l or 
natur a l  gas . The impacts on air qua l i ty w i l l  be e i ther 
at the power p l ant , where the e le c t r i c i ty i s  gener ated , o r  
on - s i te , where t h e  d i e s e l - or natur a l  g a s - f i red compre s sors 
are operating . At S acroc , powe r is  gene rated us ing natura l 
gas at s ix boo ster s t ations . Due to the high temper ature s 
re ached , n i trous o xide emi s s ions wi l l  o c cur . The impac t s  o f  
the s e  emi s s ions f rom sma l l  engines a r e  treated i n  Sect ion 
IV . E .  Howeve r , a recent ana ly s i s  o f  a c omp l e x  o f  4 0  1 , 0 0 0 -hp 
compre s so r s  at a boo s ter s tation in Texas i nd i c ated a l eve l 
o f  n itrogen d ioxide more than twice the e xi s t ing annual 
st andard . 1 4  

C arbon d ioxide a l so speeds the react ion o f  hydroge n 
s u l f ide and mo i s ture with me tal caus ing hydrogen emb r i t t l e 
ment . Hyd ro gen sul f ide , which i s  then r e l e a sed , can b e  a 
potent i a l ly lethal gas at concentrations that dul l a per son ' s  
s e n s e  o f  sme l l , making i t  d i f f ic u l t  to de tect the charac t G r i s t i c  
" rotten egg " odor . Spe c i a l  p re c autions a r e  nec e s s ary t o  
i ns ure that the proper me ta l s  a r e  u s e d  in any comp onent that 
might f a i l and re sul t in hydroge n sul f ide emi s s ions . In 
February of 1 9 7 5  an acc ident a t  an exper imenta l c arbon 1 -
d ioxide i n j ection we l l  resulted i n  the deaths o f  n i ne people . � 

Add i tional e nvi ronment a l  imp ac t  during a c t i v i ty at a 
c a rbon dioxide pro j ec t  could a r i s e  from the emi s s ion s from 

1 3 -C: c v· :-o r- a l ... _ ..._ .:;, .L -
? ro j e c C. ,  d ·J.r ing 

conununic:at io n , Mr . Cec i l  
week o f  Au gust 2 3 , 1 9 7 6 . 

Jordan , Sacroc 

1 4  ? 2 1� �.: o n c:i l  somm1 .. 1n icat. ion , Te x a s  Ai r Contro l Boa.rd . 

1 5
11 rns id ious :t(i l l e r  - A Lethal Sas  Freed i n  O i l -Ga s 

P r oduc t io n  P o s e s  a Ri s ing H a z ard , "  Wa l l  S tr-eet Jo urnal 
( Decembe r  5 ,  1 9 7 5 ) . 
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equ ipment at the produc t ion s ite from s torage tank s , vapo r 
recove ry uni t s  and heater treater s . 

3 . 3 . 4  Water P o l lut ion 

Other poten t i a l  env i ronmental impac t s  tha t  are common 
to a l l  carbon d ioxide pro j ects inc lude brine d i s po s a l , 
groundwater contaminat i on result ing f rom a c racked c as ing 
dur ing produc t ion and emi s s ions from equipmen t  at the 
produc t ion s i te . 

E xc e s s brine i s  norma l ly s tored in impervious p i t s  prior 
to d i s p o s a l . I f  the s e  p i t s  l e ak or fa i l , they could potent i a l ly 
impac t e i ther nearby surface water or ground water . Brine 
d i s p o s a l  c an cause groundwater contamination if  the we l l  l e ak s  
into a freshwater aqu i f e r . 

Other Gas /Mi s c i b le Me thods 

I n  add ition to the c arbon d ioxide m i s c i b l e  method o f  
enhanced recovery ment ioned i n  S e c t ion IV . C . 3 . 1 ,  other 
mi s c ib l e  methods inc lude the use of hydroc arbon o r  o ther 
mi s c ib l e  g a s e s  ( s ee Tab l e  IV- 2 4 ) .  

Atl an t i c  Rich f ie ld O i l  Company i s  current ly produc ing 
5 4  mi l l ion cubic f e e t  per day of f lue gas wh i c h  is 8 7  percent 
n i trogen , 12  percent carbon d ioxide , and 1 percent c arbon 
monoxide by volume at the i r  B lo c k  3 1  f i e l d  in C rane County , 
Texa s . The f l ue g a s  i s  then i n j ec ted i n to the forma ti o n  at 
3 , 5 0 0  p s i  to maintain mi s c ib i l ity pre s s ure . A p l ant was 
bui l t  which u s e s  res idue gas produc ed as the fue l to produce 
the flue gas . Nine cub i c  f e e t  of f l ue gas are produc ed per 
cubic foot of gas burned . The c ap it a l  c o s t  o f  the p l ant wa s 
j us t i f ied by the s avings from d i s cont inued purchas e o f  makeup 
natural gas plus s a l e s  o f  exc e s s produc ed ga s . At the 
pre s ent t ime , the f i e l d  is produc ing approxima t e ly 1 6 , 0 0 0  
barre l s  o f  o i l  per day . 

The dec i s ion to use a part icular m i s c i b l e  recovery 
proc e s s depends on the amount of o i l  that can b e  recovered 
and the c o s t s  and ava i lab i l ity of the var ious g a s e s  invo lved . 
I t  a l s o  depends on the particular f i e ld character i s t i c s  s uch 
as wha t  pre s s ur e s  can be mainta ined . The s e  var ia b l e s  in 
turn imp ac t  the environment to d i f ferent degree s . 

I f  c arbon d ioxide i s  used , cons truc tion o f  a p i p e l ine i s  
l i ke ly to b e  ne c e s s ary . However , i f  a f l ue gas i s  u s ed , i t  
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TABLE IV- 2 4 

OTHER MISC IBLE P ROJECTS IN THE UNI TED STATES 

l" I ELD S'fA'l'E 

--- ------·-----·· ---

Grcl: l ey Cd l .  

M i tlw(iy - � u J ) S e L  Ca l .  

Vu 1 1 t .U. J'd C a l . 

lH ; i c K  U.1you La . 

IJ l <>ck Bayou La . 

B I  d<:k llayou La . 

Wed<.,; J S l c1od La . 

B l ock H 'l'x .  

Lcve l l a11cl 'l'x . 

Leve l l  a n•l 'l'x . 

S l aulJ h Lt� r· 'l'x .  

Br ic1']C r L.1 k e  U tah/Wyo . 

Chc..l r l son N .  Oak .  

E .  Vt� lm'."l. Ok . 

Fa i rway •rx .  

W i n k l t:::m..l n Dc.1me Wyo . 

'l'e rm . � term i n a ted 

Ill" � ha l f  f i n i shc"d 

NC = th�o r i n<J 

Com p .  0- Co111p l e tc,d 

COUN'l'Y OPERA'l'OR 

K e r n  Mob i l  

Ke rn Soca l 

Ven tura She l l  

Cameron She l l  

Cdme ron She l l  

Cameron She l l  

I ber i a  S he l l  

C rane ARCO 

Hockley l\moco 

Hock ley Amoco 

llock ley hmoco 

Sunun i t / U i n t a  Phi l l i ps 

McKe n z i e  'l'exaco 

C a r t e r - S te phens Amoco 

Ancl0rson & 
Ucnde r son Hun t 

F remont Amoco 

AHEA NUMI3ER WELLS 
ACRES P HOD . INJ . 

5 5 0 8 1 

5 3 0  - -

3 2 5  1 8  1 5  

6 . 2  2 1 

8 . 8  ] 1 

1 6 . 7  l 1 

6 7 9  1 0  2 

7 , 8 4 0  8 6  2 7  

1 , 2 0 0  4 0  2 8  

1 3  2 6 

1 2  2 6 

J , 8 0 0  7 1 

9 , 1 0 0  2 4  7 

5 0  1 7  3 

2 2 , 6 1 8  1 1 8  4 7  

7 5 2  3 9  1 3  

Source : O i l  and G a 9  Jo_JJ_r]1a l (Aor i l  S ,  J. 9 7 () )  1 .'.:l 6 .  

DEP'rll 
�'T 

1 0 , 6 0 0  

5 , 2 0 0  

1 0 , 0 0 0  

4 , 8 0 0  

4 , 7 1 0  

5 , 7 0 0  

1 4  ' 0 0 0  

8 , 5 0 0  

4 , 8 0 0  

4 , 8 0 0  

4 , 9 5 0  

1 5 , 6 0 0  

8 , 5 0 0  

5 , 5 0 0  

9 , 9 0 0  

J , 3 0 0  

ENHANCED 
P HOJECT PROD . 
MA'l'URl'l'Y I30/D 

'fer m .  1 0 - 7 5  6 0 0  

Term . 1 9 7 4  

HF 0 0 0  

NC 1 8 0  

NC 6 5  

NC 1 0 0  

JS 

7 4'1. Comp l . 1 6 , 0 0 0  

,JS 

2 5 %  Comp l . 1 , 0 0 0  

HF 

HF J O O  

H F  2 8 , 5 0 0  
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i s  po s s ib l e  to avo id a p i pe l ine and , ther e for e , con f ine the 
environmental impac t to the locale o f  the f i e ld s ince a p l an t 
can be b u i l t  on s i te . However ,  some o f  the va l uable produced 
gas has to be consumed to produc e f lue gas . With t ime , the 
gas produced become s con taminated wi th f lue gas and a c ryogen ic 
plant might be n e c e s s ary to s tr ip the n i trogen . I f  hydrocarbon 
gas is u s ed , i t  might be nece s s ary to bui ld a pipe l ine to 
s upp ly makeup gas . 

Corro s ion prob lems with f lue gas can be s e rious i f  
n i trogen oxides o r  s u l fur are pre s en t . 1 6  However , prob lems 
with the generation and handl in g  o f  f lue gas should dimini s h  
as expert i s e  i s  bu i lt up at pro j e c t s  s uch as Block 3 1 .  There 
are potent i a l  environmen tal advan tage s to us ing f l ue ga s 
s ince the i n j ec tion o f  f lue gas from an exi s ting sys tem 
provides a natural di spo s a l  s y s tem to reduce atmo spheric 
po l lution . 1 7  

Other poten t i a l  environmental impacts from p ro j e c t s  
uti l i z ing flue gas o r  hydroc arbon g a s  a r e  n o t  un ique to 
the proce s s . Brine d i spo s a l  and emi s s ions from compre s sors 
ne c e s s ary to i n j ec t the f lue gas are di scus sed in Sec tions 
IV . D  and IV . E .  Larger compre s sors are needed than for 
conventional natura l gas inj e c t ion s ince h igher p re s s ures 
are nec e s sary to maintain the m i s c i b i l i ty o f  flue gas with 
o i l . 

The u s e  o f  f lue gas a s  a me ans o f  enhanc ed re covery 
wi l l  probably be cons idered in the future on a f i e ld by 
f ie ld bas i s  a s  pro j ects  u t i l i z ing produc ed ga s or enri ched 
gas f ind i t  more economic a l  to inve s t  in the c ap i tal 
fac i l it i e s  to generate the f l ue gas and s ave on hydrocarbon 
usage . Dur ing the l a s t  two years , on ly one hydroc arbon 
misc ible pro j e c t , the Char l e s on F i eld in North Dakota , has 
been s t arted , whi l e  ano the r  pro j ec t , the Midway -Sun s e t  
P ro j ec t , ha s been termina ted because l ique f ied p e troleum g a s  
bec ame too va l uab l e  t o  in j ect . 1 8  

---- -----

1 6 L i tt l e , " F ire f l ooding at Bel levue , "  1 9 7 5 i Inter s tate 
Oil Compac t Commi s s ion , Secondary and Te rtiary O i l  Recovery 
Proc e s s es . 

1 7  0 '  1 ., 
' ' 

Inter s tate i Compact Commi s s ion , 
Tertiary O i l  Recovery Proc e s s e s . 

Secondary and 

1 8 o i 1  and Gas Journal (Apr i l  5 ,  1 9 7 6 ) . 
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4 .  S urfac tant/Polymer 

4 . 1  I ntroduc tion 

In secondary o i l  p roduc tion operation s , water i s  i n j e cted 
into an o i l -bearing formation , and the o i l  is driven by the 
water s tream toward the p roduction we l l . I n i t i a l l y , the 
movemen t  of o i l  is caus ed by the water pushing it thro ugh 
the format ion . F o l lowing water breakthrough , howeve r ,  the 
o i l  mus t  be p roduced by be ing mechan i c a l ly entrained in the 
water drive . S ince o i l  and water are immi s c ib le , however , 
the water w i l l  tend to bypas s o i l  which i s  t rapped and he ld 
by cap i l l a ry forces within the inter s t i c e s  of the forma tion . 

The s e  problems can be parti a l ly overcome by the u s e  o f  
a s ur factant together with water i n j e c tion . I n  the s o - c a l l e d  
mice l lar f lood techn i que , a " s lug " containing a high concen
tration of surfactan t  is i n j e c ted into the r e s e rvo i r . The 
s ur f actant mo lecules form an interface l ayer b e twe en the o i l  
and water , s tabi l i z ing o i l/water emu l s ions , and , i n  e f f e c t , 
making the o i l  mi s c ib le with the water . S ince the water/ 
s ur fac tant s o lution is mi s c ib le with the o i l , it c an d i s p lace 
the oil in the formation and move i t  mor e  e f fec tive ly to 
the p roduction we l l . Furthermore , by reduc ing the inter
facial tens ion b e tween o i l  and water , the s urfac tant acts to 
reduce the cap i l l ary forc e s  acting to hold the o i l  within 
the r e s e rvo i r . Thi s too enhance s  o i l  recovery rate s . 
S ur fac tant s are not used a lone in mice l lar s lugs , but are 
f requently comb ined with c o s ur factants s uch a s  a lcoho l and 
s a l ts , in order to control the s tab i l i ty and v i s co s i ty o f  
the f luid . 

As discus sed in S e ct ion IV . D ,  we l l  f a i lure c an re s ul t  
i n  the le akage o f  i n j ec ted o r  p roduced f luids into aqu i fe rs 
used a s  s ource s  o f  groundwater s uppl i e s . I n  the c a s e  o f  
ter t i ary s ur fac tant techniques ,  the l e aked f luids would 
contain not only the trace metal s  and hydrocarbons charac
ter i s tic of s t andard produced waters , but a l s o  s igni f i cant 
level s  of s ur factants and cosurfac t ants . Many of the s ur 
fac tants o r  co surfac tants used are toxic c hemica l s  w i th 
known po tent i a l  for impact on b ene f ic i a l  gro undwater u s e s , 
inc l uding l ives tock watering , i rr igation , and human con s ump
tion . E xi s ting water qua l i ty c r iteria for surfactants and 
particular cosurfac tants may be a f ew orders of magnitude 
lower than the concentrations actu a l ly known to be found in 
produc ed f luids . There fore , the po s s ib i l i ty of the leakage 
of surfactant and cosur f ac tant containing produced f luids 
into ground-water formations i s  a cause for concern . The 
analys i s  of thi s prob lem is comp l ic a ted by the fact that 
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s ur factants and cosurf actants may undergo a number o f  p roce s s e s , 
s uc h  as adsorption and degradation , whi c h  may ame l iorate 
the i r  ult imate impac t on groundwater s upp l ie s . 

4 . 2  P roce s s  D e s c ript ion 

The mic e l lar -po lymer f lood ing proce s s  is de s c ribed in 
s ummary in F igure IV-5 . The proc e s s  cons i s t s  o f  the f o l l owing 
s tages : 

1 .  P r e f lush which is  i n j ected into the res e rvo i r  to 
ad j us t  the s a l in i ty o f  the fo rmation to be compatible 
with the optimum operating cond i tions of the 
sur factan t . Bac tericides may a l so be added to the 
pref lush to p revent the growth o f  s l ime -produc ing 
organi sms in produc tion and i n j ection we l l s . 

2 .  Micel lar S lug containing a high concentration o f  
s ur f ac tant together with a co s ur factant , hydro
carbon s , and e l ectro lyte s is i n j ected . 

3 .  Mob i l i ty Contro l Solution . One o f  the important 
operational prob lems re l ated to micel lar -polymer 
f looding i s  that o f  mob i l ity contro l . I f  the 
mob i l i ty of the in j e c ted f luid is s igni f icantly 
greate r than that o f  the reservo ir o i l , f low 
channe l ing ( fingering ) wi l l  deve lop , caus ing a 
s i gni f icant portion o f  the o i l  to be bypas sed . 
Thi s p rob lem i s  even greater in mice l lar ope ra tions 
than i n  c onventional waterf looding , s ince the 
large di f f erence between the s lug and o i l  mob i l it i e s  
c a n  r e s u l t  in a rapid d i spers ion o f  the mice l lar 
s lug , thus reducing i t s  e f f e c t ivene s s  in d i splac ing 
o i l . I n  order to ame l iorate thi s  p rob lem , po ly
meric "mob i l i ty buffer s " are genera l ly i n j ected in 
order to contro l the movement o f  the mice l lar 
s lug . The purpo s e  o f  the s e  buf f e r s  i s  to un i formly 
push the mice l lar s lug through the formation . 

4 .  Water Drive . This i s  the f low o f  water whi c h  
pushe s the micel lar s lug and t h e  mob i lity buf f e r  
through the r e s e rvo i r , up towards the produc t ion 
we l l . 
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4 . 3  Environmental Impacts 

I n  mic e l lar -po lymer flooding a numbe r  o f  c hemic al s ,  
used a s  s ur f ac t ants , co s ur factants , and mob i l i ty buffers , 
are added to the waterflood . Appendix L contains l i s t s  o f  
some o f  the chemi ca l s  which have been p ropo s ed fo r u s e  in 
the s e  app l ications in U . S .  patents and in the techn i c a l  
l i te rature . I n j e c t ion o f  the flood i s  accomp l i s hed in the 
s ame way as c onventiona l wate r flooding with corre s ponding 
a i r  emi s s ions f rom the c omp re s s o r  ( s e e  S e c tion IV . E ) . The 
p r imary impac t  of th i s  techn ique rema ins the threat o f  
chemical  r e l e a s e . 

I f  in the r ecove ry proce s s  chemi ca l s  e s cape to the 
envi ronment in s uf f i c i en t  quan t i ti e s , the i r  pre sence c an 
degrade water s upply qua l ity and prevent bene f i c i a l  use o f  
ground and s ur face water s  for s uch purpo s e s  a s  l ive s tock 
wate r , i r r igation , and use in a pub l i c  water s upply sys tem . 
The r e l e a s e o f  the c hemi c a l s  can occur from the re s e rvo i r  
( during the recovery proces s ) , o r  from the i n j ec tion o r  

produc tion we l l s  ( in c a s e  o f  we l l  fai lure ) . The nature o f  
t h e  r i s k s  a s s o c iated w i th the pre s ence o f  the s e  chemic a l s  in 
groundwater s upp l i e s  is  d i scus s ed in S e c tion IV . D .  

4 . 3 . l  Water Requi rements 

Extens ive data on water con s umption b y  the mic e l lar
po lymer proc e s s  are ava i lable a s  a result of previous 
operating exp e r i ence at o i l f i e lds us ing thi s  recovery 
method . [ The f i gures c i ted in thi s  s ec t i on are taken from a 
report prepared by Energy Res our c e s  Co . Inc . on Potent i al 
Environmental Cons equenc e s  o f  Tertiary O i l  Recovery ( Final 
Report , July 1 9 7 6 ) ] . .  Pre flushing u s e s  1 to  6 b arre l s  of h igh 
qua l i ty water per b arrel of o i l  eventua l ly recovered ( the 
water mus t contain very l ow conc entrat i on s  o f  divalent 
cations s ince the s e  interfere wi th the action of the s ur 
fac tant ) . F rom 0 . 1  to a s  muc h  a s  2 b arre l s  of water are 
used per barre l of o i l  recove red in maki ng up the mice l lar 
s lug . The mob i l ity buffer us e s  approximately 2 to 5 barre l s  
of water p e r  b arre l of oi l recovered . An addi tional 3 o r  
more barr e l s  of water per barre l of o i l  produced a r e  then 
requi red to c omp lete the flood . I t  i s  e s timated , then , that 
a mice l lar-po lymer f looding proj e c t  which requi r e s  a preflush 
could require a s  much as 19  barre l s  of water pe r b arre l o f  
o i l  p roduced , o f  whi c h  up to 1 4  barre l s  mus t  b e  o f  accep tab l y  
h i g h  qua l i ty . 
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4 . 3 . 2  Chemic a l  Consumpt ion 

Chem i c a l  consumpt ion by the mice l l ar -po lymer proc e s s  
inc l ud e s  approximate ly 5 to 1 5  pounds o f  surfac tant per 
barre l  o f  o i l  produced , 2 to 1 0  pound s o f  c o s ur fac tant per 
barrel  o f  o i l  produced , and 1 pound o f  po lyme r per barre l o f  
o i l  produced ( for u s e  i n  the mob i l ity buf f er ) . 

Approxima t e ly 2 5  percen t o f  the f lu i d s  i n j ected in a 
mic e l lar-po lymer operat ion wi l l  be irretr i evab ly l o s t  due to 
entr apment in the porous rock of the o i l-bearing fo rmat ion . 
Further l o s s  o f  the surfac tant w i l l  occur due to ad sorpt ion . 
Trus hen s k i  reported adsorption data rang ing f rom 0 . 5  to 2 
pounds pe r barr e l  o f  pore vo lume in a pre f lushe d  Berea 
s and s tone , and be tween 1 to 3 pound s o f  surfac tant per 1 9  
barre l  o f  pore vo lume i n  a s tone wh ich wa s not pre f l ushed . 
Thus , a rea sonab le e s t imate o f  surfac tant adsorpt ion i s  2 
pounds o f  surfactant per barre l o f  pore vo lume , a l t hough o f  
cour s e  the exact f igure wou l d  d i f f e r  wide ly depen ding on the 
nature o f  the format ion , the chemi s try of the surfac tan t , 
and the type and quant ity o f  cosur f ac tant u s ed . A s s uming 5 0  
percent s aturation o f  pore vo l ume with o i l  in a p roduc ing 
format ion , then 2 pounds o f  surfac tant are adsorbed per h a l f  
barre l o f  o i l  produced , or 4 pounds p e r  barre l o f  o i l  p roduc ed . 

4 . 3 . 3  Water P o l lut ion E f fects  

S ur factants us ed in mi c e l lar-po lyme r operat ions are  
s o lub le ( to d i f ferent extent s ) in both o i l  and wa ter , so 
that some sur f ac tant wi l l  be found both in produced wa ter 
and in produced o i l . The extent to whi c h  a surfac tant wi l l  
divide i t s e l f  between o i l  and wate r fractions depends on i t s  
r e l ative s o lub i l i ty in water and hydroc arbon s ,  and i s  
expre s s ed in terms o f  a " partit ion coe f f ic i en t "  f o r  that 
sur factant . 

The partition coe f f ic ient can be used to c a lc u l ate the 
fract ion of to t a l  produc ed surfac tan t wh ich wi l l  be found in 
the o i l  and water fraction s : 

1 9 h 1 • • S . P .  Trus e n s K i , Soc i e ty 
4 5 8 2 , pre s en ted at the 4 8 th SP E 
1 9 7 3 . 

o f  P e troleum Eng ineers P aper 
mee t ing , Las Vega s , Nevada , 
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w · 1 O l  = W ( P R/ ( 1 + P R )  ) 

W t 
= W ( l/ ( l+ P R ) ) , 

wa e r  

where W i s  the to t a l  we i ght o f  surfactant produced and Wo i l  
and Wwa ter are , r e s pec tive ly , the to t a l  we ights o f  s u r factant 
p r e s ent in produced o i l  and p roduced wa te r . P i s  the parti 
tion coe f f ic i en t  for the sur factant and R i s  the o i l -to 
wa ter ra tio o f  the p roduc ed f l u ids on a we ight/we ight 
ba s i s . The total we i ghts of sur factants i n  p roduced f luids 
can then be divided by the vo lume of the produced f luids to 
obtain an e s t imate of the concentra tion o f  s ur f ac tant in 
the s e  f l u ids . The c a lculat ions s hown in Tab l e  I V- 2 5  are 
very rough . Actua l values vary s igni f icantly f rom s it e  to 
s i te . S ti l l  the e s t imated concentration of s ur fac tant in 
the p roduc ed wate r s , 7 , 6 6 0 ppm , i s  approximate ly 1 5 , 0 0 0  
t imes the E PA wate r qua l i ty c r i terion f o r  surfactants in 
dr inking water . There fo re , in th i s  examp l e  if  produced 
fluids e s c ape into an aqu i f e r  due to we l l  f a i lure , a d i lu
tion of 1 5 , 0 0 0  t ime s wo uld be needed to reduc e surfactant 
conc entrations to a l eve l which would not inter f e r e  with the 
bene f ic i a l  use o f  ground wa ter extrac ted from that aqu i fe r . 
The d i lution ne c e s s ary to reduc e the concentration o f  the 
c o s ur fac tant to a " s a f e " leve l depends upon the particular 
cosurfactant used . Alc oho l s  genera l l y  are used , but occa
s iona l l y  more toxic chemi c a l s  such as pheno l s  may be used as 
c o s ur f ac tants ( s ee Table L - 6 ; c r e s o l is a pheno l der ivative ) . 
I f  pheno l s  are tran s po r ted to water s upp l i e s , they can 
create unde s irable tas te s  and odors , as we l l  as s i gn i f i c ant 
tox i c i ty prob l ems , when they are chlorinated in drinking 
water d i s i n f e c t i on p lants . Max imum leve l s  of 1 µg/l ( . 0 0 1  
ppm)  are recommended for pheno l s  in waters used as the 
source of a pub l ic water s upp ly . This  repre s ents a d i lut ion 
of nearly 8 m i l l ion-fo ld from the c oncentration ca l c ul a ted 
in Tab le I V- 2 5  to b e  p r e s ent in produced waters . 

Fourteen f i e ld te s t s  o f  mi c e l lar -po lyme r are currently 
in operation ; the s e  are l i s ted in Table IV- 2 6 . In add i tion , 
1 1  new pro j ec t s  are in the p lanning s tage s ; the s e  are s hown 
in F i gure IV- 6 .  

As d i s cus sed in S e c t i on IV . D ,  the key p ro b l em invo lved 
in a s s e s s ing the env i ronmental r i s k s  o f  f l uid in j e c t i on i s  
the p o s s ib i l i ty o f  we l l  f a i lure fo l l owed by l eakage o f  
in j e c ted or produced f l uids into aqui fers  used a s  a source 
of a groundwater sup p ly sys tem . Ground wa ter is used 
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TABLE IV-2 5  

SAf1PLE CALCULA'r I ON OF APP ROXIMATE C ONCENTRAT I ONS OF 
-· S U RFACTANTS AND COSURFACTANTS IN P RODUCED F LU I DS 

I n j e cted quan t i t i e s ; lb/bb l 
o f  produced o i l  

Lo s t  due to entrapment in 
produc ing formations 
( a s s umed to b e  25  percen t )  

Lo s t  due t o  ad sorption 
( 4 lb surfac tant/bbl o i l  

produced ) 

NET P RODUCED 

Weights found in produced 
f luics 
( P

surf = 0 . 7 ; P
c o s u r f  = o . 5 ; 

o i l /water ratio = 0 . 5 ) 

O i l  Phase 

Wa te r Pha s e  

Concent ration i n  Produced 
F l uid s  ( ppm)  

O i l  

SURFACTANT COSURFACTANT 

1 5 . 0 0 1 0 . 0 0 

3 . 7 5 2 . 5 0 

4 . 0 0 

7 . 2 5 7 . 5 0 

1 . 8 8  1 .  5 0  

5 . 3 7 6 . 0 0 

5 , 3 6 0  4 , 2 8 0  

7 , 6 6 0 8 , 5 5 0  

C o � c e n t r a t i o n s  o f  f i n a l  c a l c u l ations are raa de ( e . g . , for the 
c a s e  of �once ntrations in produced oi l )  by divid ing the we ight 
of the chemi cal by the vo lume of o i l  produced ( e . g ., 1 .  8 8 lb 
sur fac tan t/b b l  of o i l )  and then u s ing the app ropriat e  conve r s ion 
f actors t o  c hange this into mg/ l  ( parts per mi l l i on , ppm ) . 

S ourc e : Ene rgy Re s ource s ,  Te r U_ ary Oi 1 Recovery , 1 9  7 6 .  p .  3 6 .  
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TABLE IV- 2 6 

SURFACTANT RECOVERY PROJECTS IN TIIE <� rp 'l\ mi=' <..""' 

EOR PROCESS 

Steam Dnve 

Steam D r ive 

Steam Drive 

Steam Drive 

Steam Drive 

Steam Dr ive 

Stearn Drive 

In  Situ 
Combustion 

C02 M iscible 

C02 Miscible 

co2 Miscible 

co2 Miscible 

co2 Miscible 

Micellar/ 
. Polymer 

Micellar/ 
Polymer 

Micellar/ 
Polymer 

I mproved 
Waterflood1ng 

EOR Processes 

EOR Processes 

Any No\lel EOR 
Process· 

RESERVOI H TYPE 

ShLJ! !ow, heavy oll rcserVl" 1 r s ;  less than 
2,500 feet, with some unst irnuloted f l u x  

Shallow, heavy 01 1  rescr1Joas;  less th.:m 
2,500 feet, with s o m e  u nst imu ta ted f l u x  

Shai!ow, heavy o i l  rPs�rvo 1 r s ;  1ess th;:in 
2,500 feet, with some unst imulated f lux  

Shallow, heavy o ! l  1 ese rvo!rs ;  fess than 
2,50G foet. w i th sorfle unst imulated f !ux 

Heavy oil reservoirs; greater tt"ian 2,500 
feet, pressure above 1000 psi, some 
unst imulated f lux 

u -- .0. � .1-J !::.l 

STRATEGY 

lmrr ovl! df ic iency o f  the steam drive 
prucess 

Use cr. e a Pf: r  fuels to gcnerdte steam in 
shal low , heavy od resrrvoirs 

Over come em1ss101' problems 

A l tr r n .itive use of heavy c-1udt:o:, 

Bett�r we l ! co mpletion tech11 i ques and/or 
dt�ve:topment ot a downhole stt:c1m 
generator 

Light oil reservoirs, th in ,  low pc rmeabd1ty,  
low residua! od saturat ion Use cheaper fue!s to generate stearn 111 

l i g h t  od 1 eservo 1 r s  

Heavy o i l  reservoirs with  no influx 
(tar Sdnds) 

Heavy oil  res�rvo1rs 

Carhonat8 resE:rvoirs h.::iving a h i gh 
residual oli  saturat ion 

Carbonate reservo irs hav in g a h i gh 
residual oi !  'ia t u 1 a t 1 o n ;  Sou thwe sr and 
Montana carlionatr. reservoirs having a 
low residual oil satu 1 at ivn ;  Gu 1 f Coa!;t 
sandstones ; and sandstones orher than 
Gulf Coast 

Southwest and Monta.na carbonate 
reservoirs havmg a low res�dual o i l  
satw at:on 

Gulf Coast sandstones 

California, Apna!ach ia, and ottier 
sandstones {other than Gulf Coast 
sandstones) 

Shallow, homoge neou� sandstones 
in l l ! i no 1s  

Californ ia  sandstones 

Other sandstone reservo i rs  (a!! other 
excluding l l l tnois,  Cahtornia,  and 
Gulf C0ast) 

General target re:..ervoirs 

E!k H il ls'  restr•10 1rs 

Prudhoe Bay reservo irs 

1 ime w indow reservo i:s (Gulf Coast 
offshore early ah.mdonment} 

I 

E xtend apo! i ca b i ! i ty of stea m dr ive 
process to heavy oi l  reservoirs 

Determ�ne app l ica b i l ity of the 1 n  s itu 
combustion proce:ss to heavy a d  reservoirs 

Dev,;!op and i mprove the CO? process in 
carl>on .::i te reservo:rs hav ing a l11gh residual 
od saturation 

Development o f  ndequate and cheC1per 
5upplies of  C02 

�eve/op and i rnµr ove the C02 process 
in the Southwest and Montana carbonate 
reservoH � 

E x tend app! icabd1ty of the CO., process 111 
the Suuthwe�t and Mon t a n a  cafbonate 
reservoirs 

E. xtend aprl ;c2bl l ity of  the C02 process to 
California, Atip.:: :uchia, and u ther )andstones 
(oth�r than Gu l f  Coa'it sandstonesl 

Improve the recovery e fficien::y of the 
mtce!!ar/polymer process 

Extend application o f  micel lar/polyrner 
process to C a l l fo r n i d  sandstones 

Extend appl icat ion of  m 1ce!!ar/polymer 
process to al l  other sandstone reservoirs 

lmprove the reco>very e fficiency of 
waterflood ing 

I t\'i·:..� · �. vJfu,· , i  r ·i : 1v " � -: . i i.,  , . ' ��"·' · ' ·-: 1 1·· · p!er.1c·i tdt t r.),1 vf e . 1 t l .PfYC ',J : '  r;i C Cf'::s.:s 

( A-:,s('S.S i. <.. ld" (•f � y i ·  :-'.·- · �  �· · . ·;:•·' 1 .-t' 

I i,l•f :.::rr:cn�;;:> 1 • ) , 1.,; 1-· • , ;  : <..: • i  ·_•fvf:f�::lSC� 

j �;. f'i( . .1 r,,J · f "  i (11.: p,.: ,ce._:s n �  �.\· � t�!r f,)1· 
L ' ,. ,  . r..:  ,:�. -\ J 
' 
J A ::.c� : ; � i 1 :  �t s,q1-. · i 1·::J··� 1 n • f :.r' J ' , · ��J��id,:i · '  

I' rr

.

·1eras

. 
�-11!1 Ot:t,U' ·.-.1 1 �h 1r: .1 5·\ �: a r  �;e�'.oc!; 

ac;cP.rra1P µrefc:n��c· rerov .'ry techn1t . ..iues; 

L--------"'---------·--------.
E:::.::: l t:1  ate t...i.1 �et "':t : •' t t 'i accor d1 , 1g!y 

'Con\lent1onal EOR processes applied to the Suraber 1y  1 r��ci r<:O$er\l<Jrrs over !l-ie past  �hree dh:c1 i·�� !-i.iv< •'Ot bt'•.>n ;;bie 
to raise the torecasted recovery efficiency abow· 5 tn 6 percent. 

• • 1 1  is nor. cteat at this time what the .approp;1ate sch�mes ari? f:Jr '!!f)ha.,c1rig r ecovNy ·n �here rese1vo•rs und�· the Gui! 
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extens ivel y  in th i s  country a s  a s ource o f  water for i r r i 
gation , l ives tock watering , and human cons ump tion , and s ome 
states r e ly a lmo s t  exc lus ive ly on gro undwa ter-derived water 
suppl i e s . I n  many areas o f  the country some aqu i f e r s  are 
a l ready unusab l e  due to natura l  geochemi cal contamination , 
so that the further pol lution o f  aqui fers by human ac t i v i t i e s  
poses  a s evere water s upply prob l em . 

One important parame ter a f fectin g  the s ever i ty o f  a 
we l l  f a i l ure a t  a mice l lar -po lymer pro j e c t  ( i f  s uch a f a i lure 
occur s ) is the importanc e o f  groundwater use for a particular 
region ; i . e . , the percent of the region ' s  water s upply wh ich 
is derived from ground water . S tate s wh ich use ground water 
more heav i ly would probab ly b e  more conc e rned about poten tial 
source s  of  groundwater impac t . Tab le I V- 2 7 shows the s tates 
in which mic e l lar-po lymer p ro j ects  are currently in operat ion , 
the number o f  we l l s  in e ac h  s tate , and the percent o f  the 
s tate ' s  water s upply wh ich is der ived from ground water . 

A number o f  factors a f fe c t  p robab i l i ty o f  we l l  fai lure , 
but the i r  quant i tat ive contribution to total f a i lure inc idence 
is impo s s ib l e  to determin e . The maj or factor is a ge o f  wel l . 
I n j ec tion o f  s ur fac tants for the purpo s e s  o f  tertiary recovery 
can take p l ac e  at both o l d  and new we l l s , and for a number o f  
reason s  invo lving the progres s ing t echn o logy o f  we l l  cons t ruc tion , 
o lder we l l s  tend to be more prone to fai lure than newer we l l s . 
Furthermore , EPA re gul ations for underground i n j ection contro l 
tend to s e t  l e s s  s tr ingent permit requirements for exis ting 
we l l s  than for new we l l s , a l though certain minimum s tandards 
of s a fety app ly to a l l  we l l s  used for the purpo s e s  o f  under
ground i n j e c t ion . The age di s tribution of we l l s  used for 
sur fac tant i n j e c t ion , a s  compared to the age d i s tribut i on 
o f  we l l s  used for other tertiary recovery techn ique s , i s  
s hown i n  Tab le IV-2 8 .  The tab l e  divides we l l s  into three 
age categories , ( p r e -1 9 2 0 , 1 9 2 1 to 1 9 4 0 , and 1 9 4 1  and a f te r ) . 
I t  can be s e en that the ma j or i ty o f  mic e l lar we l ls f a l l  into 
the midd le age category , as oppo sed to therma l terti ary 
recovery ( fo r  examp le ) , in which the ma j or ity o f  we l l s are 
in the " ol de s t  wel l s " category . The tab le also reve a l s  
r e l ative magn i tud e s  o f  age-rel ated r i s k  o n  a region-spec i fi c  
bas i s . 

P roduced and i n j ected f luids us ed in the mic e l l ar -po lymer 
proc e s s  contain high concentrations o f  surfac t ants and o f  
organic c o s ur factants s u c h  as a lcoho l s  and phenol i c s . Each 
of the s e  chemi c a l s  is known to have some impact on bene f i c i al 
u s e  o f  ground water , ove r and above the impac t cre ated by the 
presence o f  hydroc arbons and trace me tals in o i l f i e ld brines . 
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TABLE IV- 2 7  

G ROUNDWATER USE IN MICELLAR- POLYMER RECOVERY AREAS 

STATE 
NUMBER WELLS 

P ROJECT IOU INJECT I ON 

I l l in o i s  9 5  6 7  

I nd i ana 4 l 

Kan s a s  8 1 8  

Okl ahoma 2 0  1 1  

Penn s ylvan i a  4 1  2 5  

Texas 2 2  1 5  

Wyoming 7 8 

PERCENT WATER S UP PLY 
DERIVED F ROM G ROUND

WATER ( 1 9 7 0 ) 1 

7 

5 

8 3  

5 9  

4 

3 4  

4 

1Geraghty and Mi l ler e t  a l . , Wa ter Atlas  o f  the U n i ted 
S ta te s  ( P o r t  Wa s h ing ton , New York : Wa ter I n f o rmation Cente r , 
1 9 7 3 ) , p l ate 3 2 . 
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TABLE I V - 2 8  

F RACT ION AND NUMB E R  OF WELLS IN MAJOR O I L  F I ELDS OF EACH REG I ON 
WHERE TERT IARY RECOVERY I S  FEAS I BLE 

T E: R'i'I /, P "i' I 01\TE I 
r r:covr.nv I O f  
HETllOD [ HELLS PAC ff JC 

I < 1 9 2 0 2 0 \ 
M i c e l l a c  1 9 2 1 - 1 9 4 0  5 i  

> 1 9 4 1  7 5 %  
· · - -

< 1 9 2 0 7 6 1  

Tn e c ma l  j 1 9 2 1 - 1 9 4 6  2 0 %  

> 1 9 4 1  4 1  

I 
< 1 9 2 0  2 0 %  

Ca rbon 
1 9 2 1- 1 9 4 0  1 4 \  Dioxide 

> 1 9 4 1  6 6 %  
---

�i\ : lbne or- d a ta no t avai lab l e . 

( 5 1 2 )  

( 1 1 7 )  

( 1 ,  8 9 3 )  

( 2 1 , 0 2 0 )  

( 5 , 5 9 3 )  

( J. ,  1 3 0 )  

( 1 2 9 )  

( 9 0 )  

( 4 1 4 )  

llOC K IF.S 

B J %  ( 1 ,  6 5 6 ) '  

1 7 i  ( ) 5 0 ) 

HI\ 
1 0 0 \  ( 7 0 1 )  

I 
N I\  

NA 

2 1 \  ( 5 4 0 )  

7 9 \  ( 1 , 9 9 5 )  

I NA 

--

NCllTll SOUTll SOUTH 
CENT ML CEt-JTML E/\ST 

2 1 1  ( 2 ,  S B  0 )  1 0 %  ( 1 ,  4 2 1 )  5 6 %  ( 2 4 7 )  

6 3 i  ( 7 , 7 0 8 )  B B \  ( 1 2 , 2 2 2 )  7 1 1  ( 3 , 3 3 4 )  

1 6 %  ( 1 , 9 2 0 )  2 %  ( 2 5 0 )  2 4 \  ( 1 ,  1 5 0 )  

NI\ 2 1 \  ( 1 , 6 2 2 )  9 4 %  ( 8 .  5 3 3 )  

1 0 0 �  ( 1 ,  9 2 0 )  7 9 %  ( 6 ,  0 9 0 )  n ( 1 6 6 )  

NI\ NI\ 4 \  ( 3 0 3 )  

NI\ 4 2 \ ( 1 1 , 7 7 2 )  6 2 %  ( B , B B 6 )  

9 B \o  ( 5 ,  2 27 )  3 4 %  ( 9 ,  4 6 1 ) J U  ( 4 , 0 6 7 )  

I 1 6 \  ( 5 3 )  2 4 %  ( 6 , 5 7 9 )  7 \  ( 9 1 2 )  

Source : Energy Re sourc e s ,  Ter t iary O i l  Recovery , 1 9 7 6 , p .  1 5 6 . 

NOllTll 
F./\ST 

NI\ 

NI\ 

NI\ 

1-11\ 

Ill\ 

Ni\ 

NI\ 

NI\ 

NI\ 

TOT/\T. 

1 0 �  ( 6 ,  4 1  G )  

6 H  ( 2 3 , B l l )  

1 5 ?. ( 5 , 2 2 1 )  

6 8 \  ( ) 7 , 6 7 6 )  

2 9 \  ( l ) ,7 6 ')) 

) %  ( 1 , 5 2 1 ) 

4 2 % ( 2 0 ,  7 2 7 )  

4 2 \ ( 2 0 , 8 4 0 )  

1 6 %  ( 7 , 9 5 0 )  



Sur factants are known to cre ate tas te and odor prob lems 
in water s upp l ie s , and in add ition have a demons trated toxic i ty 
to aquat i c  and mammal i an l i fe . Minimum t a s t e  and odor 
thre sholds for some common s ur fa c tant s used in tertiary o i l  
rec ove ry operations are shown in Tab l e  IV- 2 9 .  

The 1 9 7 2  U . S .  Env ironmen t a l  P rotec tion Agency Water 
Qua l i ty C r i t e r i a  s e t  a l imi t o f  0 . S  ppm for sur factants 
( me a s ured a s  "me thy lene b lue act ive s ub s tanc e s " )  in water 
s up p l i e s . The c r i te r i a  make the fol lowing comment s  on water 
qua l ity prob lems a s soc iated with surfac tant s . 

Concentrations o f  anionic s ur factants in water c an 
be determined by me an s o f  the ir reac t ion with me thy l ene 
b lue dye . Concentrat ions o f  l e s s  than 0 . 5  mg/ l , as 
me thy l ene b lue act ive subs tan c e s  ( MBAS ) , do not cause 
foaming o r  p r e s ent s e r i ous inter f e rence in the de fined 
treatment proc e s s  and are we l l  be low the in ferred l imit 
( 7 0 0  mg/l ) o f  tox i c ity to human s b a s ed on te s ts on 
rats fed d i e t s  of LAS [ l inear a l ky l  sul fonate s ] .  

To prevent prob lems a s s o c i ated with tas te , odor , and 
high tox ic i ty o f  phen o l ic s and chlorinated pheno l ic s , the 
EPA ha s s e t  a maximum l imit of 1 µg/l ( 1  ppb ) for pheno l 
leve l s  in pub l ic water s uppl i e s . 

Genera l ly , no spec i f ic c r i t e r i a  have been s e t  for the 
a l ipha t i c  a l coho l s  occ a s iona l l y  u s ed as co sur factant s , but 
pub l i s hed toxic i ty data s ugge s t  that they wi l l  no t create 
severe wat e r  qua l i ty problems . 
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TABLE IV- 2 9  

MINIMUM CONCENTRAT I ON OF SURFACTANT 
REQU I RE D  TO PRODUCE A PERCEPT I BL E  TASTE AND ODOR 

S URFACE ACT IVE AGENT 

A lky l ary l s u l f onate 

A lk y l ary l s u l f onate 

Alkyl s u l f a te 

A l k y l  s u l fonate 

S u l fonated ami d e  

·�--------------· 

MIN . CONC . (mg/l ) TYPE OF 
TASTE ODOR TASTE O R  ODOR 

0 .  6 0 . 7  L imey , chem i c a l  

0 .  4 0 . 3 S oapy 

3 . 0 0 .  2 S o lvent 

1 .  4 0 .  3 B i tter , so apy , 
kero s ine 

2 . 5  2 . 0  C hemi c a l , s o apy 

S ource : McKee and Wo l f ,  Water Qua l i ty Cr i te r i a , 
for the C a l i fo r n i a  S tate Water Qua l i ty Con tr�l Board , 
1 9 6 3 ,  p .  3 9 7  

IV - 8 4  



D .  Environmental Impac t s  A s s o c i ated with I n j ec ted F l uids 

1 .  Treated Wate r s  for Water f lood 

Qua l i ty r equi rements for water i n j e c ted into o i l 
bearing formations f a l l  into two general c ategori e s : f i r s t , 
the water should b e  free o f  s uspended s o l id s  o r  mate r i a l  
wh ich c a n  c a u s e  p lugging o f  i n j e c t ion we l l s  and r e s u l tant 
drops in pre s s ure ; and , s econdly , the water mus t  be non
corro s ive in order to prot e c t  c a s ing and p roduc tion equipment . 

Sour c e s  o f  water inc lude produc tion water from the 
formation i t s e l f  and out s ide sourc e s  o f  water wh ich inc l ude 
surface water of any type and ground wate r . S ince quan t i t i e s  
in j ec ted can range upward t o  approxima t e l y  2 5  barre l s  o f  
water p e r  barre l o f  o i l  rec ove red as in the Big Wa l l  F i e ld 
in Mon tana , l the water s upply s hould ide a l l y  be extens ive 
and inexpe n s i ve . S ince f i e lds in We s t  Texas , Okl ahoma and 
Ca l i fornia are located in water s c arce regions , it is not 
a lways po s s ib l e  to meet the s e  c r i t e r ia , e s pe c i a l ly if the 
produc ed water has to be s upp lemented . With inc reas ing o i l  
p r i c e s  i t  i s  becoming more attrac tive t o  inve s t  i n  f ac i l i ti e s  
capab l e  o f  treating s uch un l i kely sourc e s  a s  s ewage e f f luent . 

Water qua l i ty requirements a s soc i ated wi th o i l  produc
tion in gener a l  have two s e t s  o f  impact s : an impact due to 
the treatment f ac i l i ty i t s e l f  and the impact o f  the water 
produced by the f ac i l i ty and i n j ec ted into the formation . 

The ma j o r  prob l em tha t  nece s s i tate s water treatment 
is corro s i on which can be caused by e ither chemic a l  o r  bac
terial  a c t ivity . Corro s ion due to chemic a l  a c t ion c an be 
counterac ted e i ther by treating the water or by changing the 
me t a l  in contact w i th the water where pos s ib l e  to a l e s s 
corros ive mate r i a l  s uch a s  f ibergl a s s  or c ement -a s be s to s . 
C hemi c a l  c orro s ion c an b e  reduced by adding a corro s ion 
inh i b i to r  that lays  down a prote ctive coating o f  l in ing of 
the pipe . I n  the o i l  indus try many inh i b itors have been 
used . At the Wilmington O i l  F i e l d 2 1 3  corro s ion inh ib i tors 
are now in u s e . The compo s i tion o f  the inh i b i tors now in 
use is propri etary and d i f f i c u l t  to de f ine but l i k e ly contains 
compound s that would be d e l e terious to water qua l i ty if they 

l S tate o f  Montan a , Department o f  Na tura l Re s ourc e s  and 
Con s e rva t ion , O i l  and Gas D ivis ion , Annua l Review for the 
Year 1 9 7 4  Re l ating to Oil and Gas . 

2 
" Water-Qua l i ty Con tro l P r e s ents Chal lenge in W i l :nington 

F i e ld , " Oil and Gas Journal (August 1 6 , 1 9 7 6 ) . 
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entered the groundwater . S ince there has not been much 
conc ern about the pos s ib i l i ty of th i s  oc curring , l i t t l e  has 
been done categor i z ing the s e  compounds in terms of e f fects  
on surface or ground water . 

Another s igni f icant source o f  corros ion i s  d i s s o lved 
oxygen in water which i s  pre s ent in a l l  but the mo s t  p o l luted 
s urface water s . P roduc ed waters orig inating from the o i l  
format i on i t s e l f  s hould not contain any oxygen . Add ing 
chemic a l  s uch a s  sodium s u l f i te or b ubb l ing me thane gas are 
two proc edure s  o f ten u s ed to remove d i s s o lved oxygen . 

2 .  D i s p o s a l  o f  Brine 

2 . 1  I ntroduc tion 

The f lu id produced from o i l  res ervo irs genera l ly conta i n s  
both o i l  and a n  aqueous , gene r a l l y  s a l ine s o lut ion known a s  
produc ed water o r  o i l f i e ld b r ine . T h e  qua l i ty o f  th i s  f luid 
is  p r ima r i ly a function o f  the characte r i s t i c s  o f  the r e s er 
vo ir from which i t  i s  drawn and i s  re latively i n s en s i t ive to 
the produc t ion techno logy emp loyed , except to the extent 
that chemic a l s  ( s uch as s ur factant s ) may have been added to 
an inj e c t ion f l u i d . Produced waters are genera l ly s eparated 
from o i l  at the produc tion fac i l it i e s  in order to obtain a 
dry , marketab l e  crude o i l .  After s ep aration from the o i l , 
produc ed wate rs mus t be d i s po s ed o f  in s ome way , and th i s  
d i s p o s a l  can create s ign i f icant water qua l ity impact s .  

Because o f  the poten t i a l  tox i c i ty o f  o i l f ie ld brines , 
only three me thods o f  d i s po s a l  are recogn i z ed a s  environ
menta l ly sound . The mo s t  common d i s p o s a l  techn ique c on s i s t s  
of i n j ect ion into underground format i on s . I n j e c t ion can b e  
u s ed p ur e l y  for d i sp o s a l  purpo s e s , or , in some cas e s , for 
the purpo s e s  o f  s econdary or tertiary o i l  recovery . The 
s econd techn i que is r e u s e  of the p roduced water s , genera l ly 
e i ther for l ive s tock watering or irri gation , but th i s  i s  
only fea s ib l e  i n  the sma l l  perc entage o f  f i e lds  where the 
res ervo i r s  are f a i r ly shal low and the produc ed water s 
re latively l ow in tota l d i s s o lved s o l id s  or other poten t i a l l y  
toxic s ub s tance s . The third method , f e a s i b l e  in regions 
where average rate s o f  evaporation exceed average rates o f  
prec i p i tation , i s  evaporation o f  the brines i n  l ined d i s po s a l  
p i t s . The rema ining res idue i s  then e i ther ut i l i z ed or 
d i s po s ed . The s e  l a s t  two method s are res t r i c ted in app l i 
cation and account for only a sma l l  proportion o f  the total 
vo lume o f  produced waters generated from o i l  extrac tion 
operations in the Uni ted States . 
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I n j ect ion o f  brine s repr e s e n t s  a poten t i a l  environ
mental impact because of the po s s i b i l ity of contamination o f  
groundwater sourc e s  by produced water s . Al though Federal 
and s t ate regulation s  now exist s etting s tandards f o r  the 
cons truc tion of new we l l s , the po s s ib i l i ty s ti l l  e x i s t s  o f  
we l l  fai lure at both new and o l d  we l l s  and the subs equent 
leakage of b r ine s through well  c a s ings into important aqu i f er s . 
The magnitude o f  thi s  prob l em i s  s ugge s ted by Tab le IV- 3 0 ,  
which s hows the numbers o f  s ub s ur face brine d i spos al we l l s  
i n  e x i s t ence i n  the Un i ted S tate s a s  o f  1 9 7 5 . 

2 . 2  Regulatory Contro l o f  P roduced Water D i s po s a l  

2 . 2 . 1  S af e  D rinking Wate r Ac t 

The requirements for s e t t ing terre s tr i a l  b r ine d i s p o s a l  
regulations a r e  s tated in the S a f e  Drinking Wat e r  Ac t ,  
P L9 3 - 5 2 3 . T h i s  act delegate s to the Admin i s trator o f  the 
EPA the r e s pon s i b i l i ty for pub l i s h ing regulations " for the 
protection of underground s ource s  of dr ink ing water " ( S ect ion 
1 4 2 1 ) . Underground in j ec t ion is d e f ined to endanger drinking 
water source s  if " s uch i n j e c t ion may re s u l t  in the pres ence 
in underground water which s upp l i e s  or c an reasonab ly be 
expec ted to s upply any pub l i c  water sys tem , of any contami 
nant , and i f  the p re s ence o f  s uch contaminant may r e s u l t  in 
s uch s y s tem ' s  not comp l y ing with any national primary dr inking 
water regulat ion or may otherwi s e  adver s e l y  a f fect the 
hea l th of per sons " ( S e c t ion ( d )  ( 2 ) ) . Contaminant i s  d e f ined 
( S e c t ion 1 4 0 1 )  a s  " any phy s i c al , chemi c a l , b iologic a l , or 

rad i o logical s ub s tance o r  matter in water , "  i . e . , prac t i c a l l y  
anything but the water mo lecule . 

The Act exp l i c i t l y  r equire s that any such i n j ec tion 
regulat ion programs s e t  up by the Admin i s trator or the 
s t a t e s  may not interfere unnec e s s ar i ly with the produc t ion 
of o i l . According to Sec tion 14 2 1 , ( b )  ( 2 )  (A) : " Regul a
tions o f  the Admini s trator under th i s  s e c tion for S tate 
underground i n j e c t ion contro l programs may not pre s c ribe 
requi rement s  which interfere with or impede the underground 
inj ection o f  brine or other f luids whi ch are b rought to the 
s urface in conn e c t ion with o i l  or natur a l  ga s p roduc tion , or 
any underground in j e ction for the purpo s e  of s e condary or 
tertiary o i l  recovery of o i l  or natural gas , un l e s s s uch 
requirement s  are e s sential to a s sure that underground s ourc e s  
o f  dr inking water wi l l  not be endangered by s uc h  in j e c t ion . " 

The Act s e t s  reas onab le c r i t i e r i a  for vari an c e s  in 
Sec tion 1 4 2 1  ( c )  ( 2 ) : 
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TABLE IV- 3 0  

STATES WHERE O ILF I ELD BRINES ARE D I SPOSED , TOTAL NUMBER OF SUBSURFACE 
SALT WATER D I SPOSAL WELLS ( SWDW ) AND LARGEST D I S POSAL FAC I L I T I ES 

TOTAL NO . LARGEST SWDW SWDW SWDW REMARKS STI�TE OF SWDW (m3 /day ) �4700 m3/day >-. 1 5 9 0 m3 /day 
---

A la. J .l * 2 , 3 8 5  
:\ la ska no d a ta 
A r i z .  4 1 9 1 0 0 

A r k .  4 2 1  9 , 2 2 1  5 1 4  + b ro m i n e  p l a n t  effluent 

Calif.  2 1 6  2 5 , 1 20 
Colo. 2 5 *  2 , 5 4 4  
F la .  5 9 5 4  0 0 

I l l .  no data 
I n d .  3 25 1 59 0 0 

Ka ns. 3 , 1 5 0  3 , 1 8 0  2 * *  

K y .  G O * * 1 1 1  0 0 

La . 1 , 3 0 4  average S W D W  is 2 1 7  m 3 / d a y  

f\ l ich.  5 2 2  3 1 8  0 0 average S W D W  is 3 2  m 3 / d a y  

1'1 iss. 3 7 0  1 , 1 1 3  0 0 

f\lont.  2 0 0  2 3 9  0 0 

Nebr.  3 1 3 5 0 0 

Nev.  - - 0 0 o n l y  7 pro d u c i n g  we l l s  for S tate 

N .  1'1 . 3 0 0  2 , 7 0 3 0 4 
N .  Y .  - - 0 0 
N .  D .  6 2  3 1 8  0 0 
O h io 2 8 *  3 1 8  0 0 
O k la.  4 , 90 0  
Pa. - - 0 0 most o f  t h is is b y  pon d i n g  

S. D .  - - 0 0 pond i n g  used 

Texas 7 , 1 7 3 * *  n um b e r  o f  S \V D W  permi tted from 
1 9 5 0- 1 97 1  

Utah 3 * *  1 4 3  0 0 

W . V a .  9 5 * *  1 59 0 0 

W y o .  1 9 * 
- --·---·- - - ·-- -·-· · - - - - · - -- - - - ·-- - - - -· - - · -- - - ---- - -- - - --·-·--- ·--- - - - . - --- - - ----- - ----- · ·--- �- -·--- --�-- ------ ·- - - -- - --- - - - ---

* Salt waler  d isposal systems lhal may have more tha n o n e  sa l t  waler d isposa l well  per syste m .  

* * Appro x imate. 

Sourc e : A . G .  C ol l i n s , Geochem i s try o f  O i l f ie ld Water s ( New York : 
E l s ev ier Co . , 1 9 7 5 ) , p .  4 1 2 . 



The Admin i s trator may , upon app l ic at ion o f  the Governor 
of a S tate which author i z e s  underground in j ec t ion by 
me an s  of permi t s , autho r i z e  s uch s tate to i s sue one or 
more temporary permit s  if . . .  the S tate f inds . . .  that 
te chno logy to permit s a f e  i n j e c t ion of f luid in acco rdance 
with the app l icable unde rground i n j ec tion contro l program 
i s  not gener a l ly ava i lable , tak ing co s t s  into cons ideration , 
or that the in j e c t ion o f  the f lu id would b e  l e s s  harmfu l  
to hea l th than the u s e  o f  o ther ava i lab l e  means o f  d i spos ing 
of wa s t e  or produc ing the de s ired produc t ; and that the 
ava i l ab l e  techno logy or other means h ave been emp loyed 
and w i l l  b e  emp loyed to reduce the vo l ume and toxic ity 
o f  the f l ui d  and to min imi z e  the potent i a l ly adve r s e  
e f f e c t  o f  the i n j e c t ion o n  pub l i c  health . 

2 . 2 . 2  U I C  ( Underground I n j ection Contro l )  Regulations 

EPA , p ur s uant to the authority granted i t  by the S a f e  
Dr ink ing Water Act , h a s  propo s ed a s e t  o f  regulat ions de s igned 
to prevent the endangerment of underground drinking water 
so urce s  by underground i n j e c t ion operation s , i n c l uding brine 
d i s po s a l  ( 4 0 CFR Part 1 4 6 ) . 

I n  order to provide an adequate margin o f  s af ety for 
the protec t ion o f  drinking water s upp l i e s , the regulations 
a dop t a very broad d e f i n i t ion o f  the term " endangerment " .  
According to the regulat ions , in j ec t ion " endange r s '' an 
underground drink ing water s upply i f : 

( 1 )  s uch in j ec tion may make i t  n ec e s s ary for a p ub l i c  
water s y s tem u s ing a n  underground d r inking water s ource 
to inc r e a s e  treatment of the water , or ( 2 )  if s uch 
in j e c t ion might make i t  nec e s s ary for a pub l i c  water 
s y s tem which might us e the s ource in the future to u s e  
more exten s ive treatment o f  the water than would o ther
wise have been nece s s ary , or ( 3 )  if  s uc h  inj e c t ion may 
otherw i s e  adve r s e ly a f f ec t  the health o f  persons s uc h  
as  by adding a s ub s tance that would make water from the 
source un f i t  for human c on s ump t i on . 3 

The regulat ions go on to note that underground water 
s upp l i e s  wi l l  gene r a l ly be de f ined a s  '' potentia l "  drink ing 

3
u . s .  Environmental Protection Agency , " Propo s ed Regu

lations for S tate Underground I n j e c t ion Control P rogram , "  in 
the F edera l Reg i s ter , 4 0  CFR P art 1 4 6 ,  July 1 3 , 1 9 7 6 . 
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water s ource s , and there fore w i l l  f a l l  within the s cope o f  
the regulat ions , i f  s uc h  s upp l i e s  have to tal d i s s o lved 
s o l i d s  l eve l s  of l e s s than 1 0 , 0 0 0  mg/ l . Howeve r , the re gu
lations do perm i t  the s tates to dec ide that certain aqui fers  
having a TDS  l evel o f  l e s s  than 1 0 , 0 0 0  mg/l will  not be  
pro tected , on the grounds that " they are s everely contaminated 
o r  are located i n  s uch a way that use a s  drinking wat e r  i s  
imprac t icable . The s tate mus t  demons trate by c omp e l l ing 
evidence that an aqu i f e r  i s  and wi l l  continue to be uns u i table 
a s  a source o f  drinking water . "  

The regul a tions f urther note tha t  part ( 3 )  o f  the 
de f in i t ion of endangerment g iven above wi l l  inc l ude not 
only tox ic p o l l ut ion of water supp l i e s  but a l s o  contamina
tion whi c h  would make the water un f i t  for human con s umption 
by giving i t  o b j ec t ionab le t a s te , odor , o r  c o l o r , and thereby 
forc ing the use of an a l t e rnat ive wat e r  s ource of poorer 
qual i ty . 

S pe c i a l  prov i s ions are made in the regu l a t ions to 
prevent unnec e s s ary inter f e rence w i th o i l  or gas produc tion . 
The regulations a l low vari ance s to be granted to in j e c t ion 
operations a s s o c i ated with o i l  and gas production i f  " the 
operato r  c learly demons trate s that ( 1 )  the requirement would 
s top o r  s ub s t ant i a l ly d e l ay o i l  o r  natural g a s  p roduction at 
his  s i te ; and ( 2 )  the requirement is  no t nece s s ary to a s s ure 
the prote c t ion of an e xi s ting or poten t i a l  s ource of under
ground dr inking water . "  The burden o f  proof here is  c learly 
on the operator of  the oil  p roduc t ion p ro j e c t , and he mus t  
exp l i c i t ly demons trate that h i s  operations w i l l  not degrade 
the qua l i ty o f  e x i s ting o r  pote n t i a l  undergro und dr ink ing 
water s ource s . 

The regulations note tha t  " i t  i s  c lear from the 0 S a f e  
Drinking wate r l  Ac t and t h e  l eg i s l at i ve h i s tory o f  t h e  S DWA 
that Congre s s  intended that the s t at e s  exerc i s e  p r imary 
enforcement r e s pon s i b i l i ty for the pro t e c ti on o f  underground 
sourc e s  o f  drinking water to the extent pos s ib l e ; "  accord
ingly , they p rovide only general guide l in e s  whe reby the 
s ta t e s  c an formulate the i r  own UIC programs . A l l  s tate s 
mus t  s ubmi t  p ropo s ed U I C  programs to the Admi ni s trator o f  
t h e  E P A  for approva l . I f  no p lan i s  s ubmitted by the s tate , 
or i f  a s tate program p rove s inadequate in s ome r e s p e c t s  o r  
incon s i s tent with general E P A  UIC guide l ine s , t h e n  the 
regu l a t ions p e rm i t  the Admin i s trator to pre s c ribe a program 
for the s tate o r  to mod i fy o r  admini s te r  certain s e lected 
portions o f  the s tate ' s  programs . S tates wi l l  a s s ume " pr imary 
enforcement autho r i ty " o f  the i r  own U I C  regulations only i f  
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the entir e ty o f  the propo s ed program i s  approved by the 
Admin i s trator . The r egul a t i on s  s tate that for approva l by 
the Admin i s trator , s tate programs mus t  me e t  the fo l lowing 
minimum requiremen t s : 

( A )  shal l prohib i t , e f f e c t ive thr ee y e a r s  a f te r  the 
date of the enactment of th i s  t i t l e , any under
ground in j e c tion in s uch S tate which is  no t 
autho r i z ed by a permit i s s ued by the S tate 
( except that the regul a t i ons may p e rmit a S tate 

to autho r i z e  underground in j ec tion by rul e ) ; 

( B )  s ha l l  require ( i )  i n  the c a s e  o f  a pro gram which 
provid e s  for autho r i z a tion o f  underground in j ec tion 
by p e rm i t , that the app l icant for the permit to 
in j ect s a ti s fy the S tate that the underground 
in j ec tion wi l l  not endange r  drinking water sources , 
and ( i i )  in the c a s e  o f  a p rogram wh i ch provide s 
for such an autho r i z at ion by rule , that no ru l e  
may be p romulgated which author i z e s  any unde rground 
in j e c t ion which endanger s drinking water s ou r c e s ;  

( C )  s ha l l  inc lude inspec tion , mon i toring , recordke eping , 
and reporting requirements ; and 

( D )  s ha l l  app ly ( i )  a s  presc ribed b y  S ec t ion 1 4 4 7 ( b ) , to 
underground i n j e c tions by Fede r a l  agenc i e s , and 
( i i )  to underground i n j ections by �ny o ther �ers ons 

whether or not occurr ing on property owned or 
l e a s ed by the Uni ted S ta te s . 4 

In add i t ion , spe c i f i c  requirements are s e t  for c e r t a in 
a s p e c t s  o f  we l l  construction , inc luding s ur f ace c a s ing and 
tub ing and packer requi remen t s . 

2 . 2 . 3  Regulations Govern ing O f f s hore D i s po s a l  o f  
P roduced Water s  

Regulations governing the d i s po s a l  o f  treate d  o i l f ie ld 
brines by d i s charge into coa s t a l  waters were created under 
the autho r i ty of the e f f luent l imitat ions guide l i n e s  program 
of EPA . The guide l in e s  were de s igned to min imi z e  toxic 
impacts on coastal eco s y s tems as a re s u l t  o f  brine d i s p o s a l . 

4 u . s .  Environmental Protection Agency , " P r oposed Regu
lations for S tate Underground I n j e c t ion Contro l P rogram . " 
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The e f f luent guide l ine s program ful f i l l s  the re spon s ib i l i ty 
o f  EPA under P ub l i c  Law 9 2 - 5 0 0  ( the F ederal Water Po l lut ion 
Contro l Ac t Amendments of 1 9 7 2 )  to s et BPCTCA ( Be s t  P ra c t i c a 
b l e  Contro l Technology Current ly Ava i lab l e ) and BATEA ( Be s t  
Ava i lable Techno logy E conomi c a l l y  Ach ievab le ) regu l a t ions 
for all i ndus tri a l  d i s c hargers in U . S . wa ter s , inc lud ing 
coastal water s . The propo s ed e f f luent guide l ine s for the 
o i l  and gas extract ion indus try ' s  o f f shore s e gment recogn i z e  
two c ategor i e s  o f  o f f s hore produc tion p l at forms : near 
o f f  shore and far o f f  s hore ( in s ide and outs ide o f  the 3 -m i l e  
l imi t , re s pe c t ive ly ) . T h e  BATEA regu l ations for n e a r  o f f 
s hore waters require z e ro d i s charge o f  o i l , wh ich c an b e  
ach ieved e i ther b y  reinj e c t ion o r  e l s e  b y  p i p ing o f  the 
produced waters onto the s hore or e l s e  out i nto far o f f s hore 
water s . For far o f f s hore p la t fo rms , the only BATEA requi re 
men t i s  for treatment o f  brine s to bring o i l  leve l s  down to 
an average of 3 0  ppm . The regulat ions do n � r rP01 1 1 r e reduc tion 
o f  l eve l s  o f  toxic trace me t a l s  in b r ine s . 

Regulations s im i l a r  to the near o f f s hore regul a t ions 
are b e ing cons idered for near s hore p la t fo rms ( i . e . , tho s e  
ly ing i n  c o a s t a l  bays and inlet s ) , but the s e  have not been 
o f f ic i a l ly propo sed a t  thi s  t ime . Spe c i a l  cons ideration 
related to th e s ub j ec t  in OCS operations has a l s o  been 
addre s s2d by U . S . G . S . ' s  OC S operating order # 7 . 

2 . 2 . 4  S ummary 

Federal r egulations now exi s t  governing the d i s po s a l  o f  
produc ed wate r s  f rom both terre s tr i a l  and o f f s hore o i l  pro
duc tion p l at forms . The terre s tr i a l  d i s po s a l  regulat ions are 
de s igned to pro te c t  underground drinking water s upp l i e s  from 
contaminat ion by toxic con s t i tuent s  of produc ed water s , 
whi le the o f f  shore regulations are de s igned pr imar i ly to 
pro tect c o a s t a l  e c o s y s tems . D i s po s a l  operations mus t  take 
p l ac e  within the framework of the s e  e x i s t ing Federal regula
t ions . 

2 . 3  Technology o f  P roduc ed Water S eparation , Treatment , 
and D i s po s a l  

2 . 3 . 1 .  O i l /Water S eparation 

P r oduc ed f l uids gene r a l ly con s i s t  o f  a mixture o f  o i l , 
water , and natur a l  gas . The s e  component s are genera l ly 
s eparated at the produc tion f ac i l i t i e s  in order to create 
marketab l e  o i l  and natur a l  gas and produced water which c an 
be s a f e l y  i n j ec ted . The s eparation proc e s s i s  s hown s chema t i 
cally in F igure IV-7 . S ince o i l  and water are immi s c ib l e , 
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a pre l iminary s eparat ion o f  the s e  two f luids can b e  achi 0 v8 d  
s imp ly b y  p lac ing the mixture in a s e t t l ing tank and s k inuning 
o i l  from the top of the tank a s  it s eparates from the water . 
This  proc e s s  i s  known a s  freewate r knockout . A f ter kno ckout , 
the o i l  and water may s t i l l  be contaminated with s igni f i c ant 
quan t i t i e s  o f  each other in the form o f  s tab le emul s io n s . 
The s e  emu l s ions may b e  " broken " by therma l o r  e l e c t r i c  
treatment . 

Emul s i f ied o i l /water mi xtures rema in i ng a f te r  freewa t e r  
knockout a r e p a s s ed t o  another ve s s e l  c a l led a t e a t e r  
tre a ter , e le c t r i c  dehydrator , g un barre l ,  or wa sh tan k , 
depending upon the s eparat ion me thod used . 5 The l iquid in 
th i s  ve s s e l  con s i s ts o f  three layers : an emul s i f i ed o i : /  
water mixture , a l ayer o f  r e l a t ive ly dry o i l , and a layer o f  
re latively o i l - free wate r . The ve s s e l  wi l l  g e n e r a l l y  �cnta � n  
sens ing un i t s  to detect the o i l/wa ter/emu l s i on i nter f a c e s  
and c ontro l the r e l e a s e  o f  pure o i l  and wate r from the top 
and bottom of the ves s e l . S eparation o f  pure o i l  and water 
f rom the emu l s ion is f a c i l i tated by chem.:.c a l  t.re .� ' ':�v.:!nt , 
hea t , and the u s e  o f  e le c tr ic charge s . A d i a g�am o f  a 
ver t i c a l heater-treater i s  s hown in F i g ure IV- 8 .  

2 . 3 . 2  9n - Shore Brine D i s p o s a l  

I n  the e a r l y  day s o f  o i l  extraction , produced wate r s  
we r e  gene r a l ly d i s po s ed o f  w i th l i t t l e  regard � for p o s s i n � 0 
envi ronmental impac t s . According to Co l l ins : - " Unt i l  
abou t  1 9 3 0 , the o i l f ie ld wate r s  were d i s po s ed i n t o  l c c .: i l  d r :;_ j_nag e ,  
frequently k i l l ing f i s h  and even s ur face vegetation . "  l t  
was only a f ter about 1 9 3 0  that br ine evapo ration o r  r e i n -
j ec t i on b e c ame s tandard prac t i c e  for brine d i s po s a l . Even 
then , however , l i ttle care was taken to prevent con tamin a t i o n  
o f  aqui f e r s  by i n j ec ted brine s , and evaporation f reque n t ly 
took p l ac e  in unl ined p i t s  which al lowed perc o l a t ion o f  
brine into shal low aqui fers . 

5 u . s . Environmental P rotect ion Agency , E f f luent Guide
l ine s D iv i s ion , Of fice of Wa s te and Haz ardous M&te r i a l s ,  Dra f t  
Deve looment Doc ument f o r  E f f l uent Limitation s  Gui d e l ine s and 
New Source Per formance S tandards for the O i l  and Gas Extrac tion 
Po int Source Category , October 1 9 7 4 , p .  I I I - 1 5 . 

6
A . G .  Co l i ins , Geochem i s try o f  O i l f i e ld Wate r s  

E l s evier Company , 1 9 7 5 ) , p .  3 .  
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Today only three method s o f  brine d i s p o s a l  are genera l ly 
recogni zed as  b e ing environmenta l ly sound ( s ee d i s cus s ion 
under S e c tion D . 2 . 1  above ) , and two of the s e  have very 
l imited u s e fulne s s  in the ma j or i ty o f  o i l  f i e lds . 
The p rimary me thod o f  b rine d i s p o s a l  remains in j e c t ion into 
s ub s ur face formation s , e i ther for the purp o s e  of dispo s al 
a lone , o r  e l s e  for u s e  in wat e r f looding app l ication s . 

Only a very sma l l  proportion o f  produced waters are 
s u i tab l e  for l ive s tock watering or agricultural irrigation . 
I n  s ome Roc ky Mountain produc t ion areas , p roduced water s  
have a f a i r ly low T D S  content and are corrunonly u s e d  for 
l ives tock watering . Ano ther exampl e  is the Kern County 
o i l f ie ld in Cal i forni a , where produced waters are us ed for 
irr igation . 

In very dry areas , evaporation ponds pre s en t  a po s s ible 
s o lution to the br ine d i sp o s a l  prob lem . I n  order for s uch 
ponds to be f e a s i b l e , annual evaporation rates mus t  exceed 
annua l precipita tion rates . According to E PA ' s  Deve l opment 
Document for the Oil and Gas Extract ion Point S ource Catego ry : 

In some o f  the Nation ' s  arid and s emiarid we s tern and 
s outhwe s tern o i l  and gas produc ing areas , u s e  o f  
[ evaporation pond s ] i s  a n  acceptab l e , a lthough l imited 

prac tice . The surface p i t , pond , or res ervo ir c an only 
be used where evaporat ion rate s greatly exceed p re c i p i 
tation and the quant i ty o f  emp laced water i s  sma l l . 
The p i t  or pond i s  ordinari ly loc ated in f l at to very 
gently ro l l ing ground and not w i thin any natur a l  
drainage chann e l  t o  avo id danger o f  f lood ing by ove r 
land f low o f  water fo l lowing precip itation . P i t  
fac i l it i e s  are no rmal ly l ined with impervious mate r i a l s  
t o  prevent s eepage and s ub s equent damage to fre s h  
s ur face and s ub s ur face waters . Linings may range from 
re in forced c ement group to flexible p l a s t i c  l iners . 
I n  areas where the natural s o i l  and bedrock are high 
in bentoni te , montmor i l lon ite , and s im i l ar c lay 
mater i a l s  which expand upon be ing wetted , no l in ing 
is normal ly app l ied and s e a l ing depends on the 
natural swe l l ing prope r t i e s  of the c l ay s . Al l p i t s  
a r e  normal ly enc l o s ed t o  prohib i t  or impede a c c e s s . 7 

7 . 1 . f U . S .  Environmenta P rotection Agency , Dra t Deve lopment 
Document ,  p .  VI I - 2 9 .  
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Both evapo ration and bene f i c i a l  reu s e  are f e a s ib l e  a t  only 
a r e la t ive l y  sma l l  number o f  o i l  f i e l d s , howeve r , and r e in j e c 
t i o n  rema ins the s tandard br ine d i spo s a l  prac t ic e . I n  addi 
tion to s erving a s  a brine d i spo s al method and a s  an o i l  
recovery enhancement techn ique , r e in j e c t ion may b e  u s e ful 
in s ome areas to contro l l and s ub s idence . 

Inj e c ted brines mus t  b e  free o f  suspended s o l id s , to 
prevent c logg ing o f  forma t ions receiving the b r ine , and 
they mus t  be chem i c a l ly compatible with waters a l r e ady 
e x i s ting in the i n j e c t ion s i te , in the s en s e  that they 
s hould not react with local brine s to fo rm prec ip itates 
whi c h  migh t  c log the formation . I n  add i tion , the in j ec ted 
wat e r s  mus t  be r e l a t ively s t e r i l e  to prevent the format ion 
of bac ter i a l  s l ime s which might interfere with continued 
i n j e c t ion . 

2 . 4 Charac t er i s ti c s  o f  P roduc ed Waters 

P roduced water s  p r e s ent a potent i a l  environmental thre a t  
because they contain toxic t r a c e  heavy met a l s  and o i l  hydro
carbons which , if introduc ed {nto groundwater s upp l i e s , could 
prevent the bene f ic i a l  u s e  of the s e  s up pl ie s  for purpo s e s  
s uch a s  agricultural irrigation , l ive s tock water ing , and a s  
the s ource o f  pub l ic drinking water s upp ly s y s tems . Thi s  
s ec t ion d e a l s  with the chemical con s ti tuents o f  produc e d  
wate r ; in a subs equent s ec t ion , the way s i n  which the s e  
con s tituent s might interfere with bene f ic i a l  us e o f  ground 
water s  w i l l  be d i s c us s ed . 

2 . 4 . 1  Quanti t i e s  o f  P roduced Waters 

P roduced waters can range f rom le s s  than 1 to over 9 8  
perc ent o f  p roduc ed f l u id s , on a vo lume b a s i s . Gene r a l ly , 
o lder we l l s , f rom which s ub s tant i a l  quant i t i e s  o f  o i l  have 
a l re ady been extrac ted , wi l l  have lower o i l/water ratio s 
than comparatively unexp lo ited f i e ld s . According to EPA ' s 
Dev e lopment Document : " I n s ome formation s , water i s  pro
duced with the o i l  and gas in e a r ly s tages of p roduc tion ; in 
othe r s , water is not produced unt i l  the p roduc ing formation 
is s ign i f icantly dep leted ; in s t i l l  other type s  o f  formations , 
water i s  never p roduced . "  C o l l ins note s that total produc t ion 
in the Uni ted S tate s in 1 9 7 0  amoun ted to 2 3 . 9  mi l l ion barre l s  
o f  water and 9 . 5 5 mi l l ion barre l s  o f  o i l  dai ly . Thus , the 
average vo lume o f  produc ed water was 2 . 5  barr e l s  per barre l o f  
o i l  produced . 
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2 . 4 . 2  S a l in i ty o f  P roduce d  Wate r s  

Produced waters f rom mos t  o i l  r e s e rvoi r s  are h ighly 
s a l in e . Typ i c a l  TDS ran g e s  for o i l f i e l d  brines f rom s ome 
s tate s are s hown i n  T ab l e  IV- 3 1 . Col li n s  reports that the 
chlorid e  content of produced water s  rang e s  from 2 0 , 0 0 0  to 
2 0 0 , 0 0 0  ppm ; us ing the re lationship 

S a l in i ty = 1 . 8 0 6 5 5  ( chloride ) 

typical s a l in i t i e s  ranging f rom 3 6 0  t o  3 6 0 , 0 0 0  parts per 
mi l l ion ( ppm) are obtained ( typi c a l  s e awater s a l in i t i e s  are 
i n  the range 2 5 , 0 0 0  ppm to 3 0 , 0 0 0  ppm) . 

Data from C o l l i n s  o n  tota l d i s s o lved s o l i d s  leve l s  i n  
brines from 1 1  s tates 8 s ugges t  a n  average T D S  l eve l o f  
1 0 8 , 2 2 5  p pm . 

TABLE IV- 3 1  

TOTAL D I S SOLVED SOLIDS LEVELS I N  P RODUCED WATE RS 

S TATE TDS 
( ppm) 

Colorado 3 3 3  - 1 0 , 7 9 5  

Montana 3 5 0  - 1 5 , 2 3 0 

Utah 3 7 3  - 1 2 0 , 3 9 5  

Wyoming 2 9 1  - 2 7 6 , 2 9 0  

S ourc e : EPA , Draft Deve l opment Documen t . 

8
c o l l in s , Geochemi s try o f  O i l f i e l d  Wate r s , p .  4 1 3 . 
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2 . 4 . 3 .  Trace Me t a l  L eve l s  o f  On - Shore P roduc ed Wa t e r s  

The leve l s  o f  some c ommo n i n o r g a n i c  c o n t am i n an t s ,  p r ima r i l y 
trace me ta l s , i n  produced wat e r s  a r e  shown i n  T a b l e  IV- 3 2 . 

TABLE IV- 3 2  

LEVE L S  O F  INORGAN I C  CON S T ITUENTS I N  P RODUCE D  WATE RS 

SUBSTANCE 

Li 

C l  

N a  

K 

Be 

Mg 

Ca 

Ba 

Fe 

Cu 

Zn 

H g  

P b  

Cd 

B 

As 

CONCENTRAT I ON 
( ppm ) 

gene ra l l y  2 - 1 0  

2 0 , 0 0 0  - 2 0 0 , 0 0 0  

1 0 , 0 0 0  - 5 0 , 0 0 0  

5 0  - 2 , 0 0 0  

0 . 0 2 - 0 . 2  

5 0  - 5 , 0 0 0  

2 , 0 0 0  - 3 , 0 0 0  

1 0  - 1 0 0  

0 - 1 , 0 0 0  

0 . 5  - 3 . 0  

0 - 5 0 0  

0 . 0  - 0 . 1 5 

0 . 0  - 1 0 0  

0 . 0  - 0 . 0 0 1  

0 . 0  - 1 0 0  

0 . 0  - 1 0  

c;e o c }·l efi'li s t r �.; o F  O i 1  f i E? 1 d :,-ra :- e -r ... ..... , ��---___ _::_:_:-=--·-· _- =---=-.9- ., 
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Leve l s  o f  the s e  con s t i tuents in produced water s  are 
h i ghly s i te spe c i f ic , and var i ab l e  even wi th i n  s ingle s i tes . 
Acc ording to Co l l in s : 9 " S ub s ur fac e waters a s soc iated witi:1 
pe tro leum are subj e c ted to force s that promo te mix ing and 
homogene i ty , but the a s s uption canno t be mad e that they a r e  
s o  we l l  mixed that n o  attention t o  s amp l ing techn ique i s  
requi red . "  

2 . 4 . 4  Hydroc arbons i n  Produced Waters 

Untreated b r i n e s  can contain s eve ral hundred to over 
1 , 0 0 0  parts per mi l l ion of o i l -derived hydroc arbons . S ince 
the s o l ub i l i ty of oil hydrocarbons in wa ter is  approximately 
2 5  ppm , mo s t  o f  the s e  hydro carbons wi l l  be s u s pende d . l o  

Even i f  sus pended contamination i s  removed from o i l f ie ld 
brine s ( by ,  for examp l e , entrapment in inter s t i c e s  o f  under
ground format ions ) ,  then approximate ly th i s  l eve l ( 2 5  ppm)  
o f  res idual hydrocarbons w i l l  rema in . This  2 5  ppm con s t i 
tute s what i s  known a s  the " wate r - s o lub le frac tion " o f  c rude 
o i l . Exper iments by Ande r s on l l  have s hown that th i s  wate r 
so l ub l e  frac t ion i s  enr i c hed from 1 5  t o  1 0 0  t ime s i n  aroma tic 
con s t i tuen t s  as compared to t h e  pare n t  c rude oil  ( th i s  
enr i c hment factor i s  c a l c ul ated as the aromatic t o  p ar a f f in 
rat i o  in the wate r - soluble f r ac t i on divided by the s ame 
ratio in c rude o i l )  . Thi s i s  s i gn i f i c ant s ince the aromatic 
compone n t s  o f  c rude o i l  are among the mo s t  tox i c  o f  the o i l  
hydrocarbon s .  Leve l s  o f  some hydrocarbons i n  a wate r 
s o luble f r a c t i o n  o f  c rude o i l  a r e  shown in Tab l e  I V- 3 3 . 
Leve l s  o f  var ious hydroc arbo ns in an o i l/water di spers i on , 
which might more accurate l y  rep r e s e n t  the compo s i tion o f  a 
crude o i l  containing s i gni f ic ant suspended o i l  contamina
tion , are shown in Tab le IV- 3 4 . Anderson ' s  paper , unfo r 
tunate ly , contains data on a s ingle U . S .  c rude s amp l e . 

2 . 4 . 5  Tre atment o f  Oi l f ie l d  Br ine s 

Treatment o f  produced wate r s  prior to i n j e c t ion i s  
genera l ly done not to reduce pote n t i a l  environmen tal impact 

9 c  i 1 · o.... i n s , Geochemi s tr y  o f  O i l f i e l d �a t 2 r s , p .  
l O  See Ander son ,3 t a l . , " Character i s t i c s  o f  D i s p e r s i o n  

and Wate r -So l ub l e  Extr acts  o f  Crude a n d  Re f ined C i  l s , "  �\1ar ine 
Bio logy 2 7  ( 1 9 7 4 ) : 7 5 - 8 8 . 

1 1  
.:\nder son e t  a l . , " Charac ter i s ti c s  o f  D i s p e r s ion and 

Wate r - S c l ub l ?  E x t r a c t s , ·  , r. - ' 
J.. ';: I 4 • 
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TABLE IV- 3 3  

HYDROCARBON CONCENTRAT IONS 
OF CRUDE O I L  WATER-S OLUBLE FRACT I ONS 

( ppm ) 

COMPOUND 

AL KAN ES 

Ethane 

Propane 

Butane 

I so butane 

P entane 

I sopentane 

Cyc lopentane + 2 -Methy lpentane 

Me thylcyclopentane 

Hexane 

Methylcyc lohexane 

Heptane 

c
1 6  

n -Paraf f in 

c
1 7  

n-Para f f in 

TOTAL c
1 2

-c 2 4  n -para f f ins  

AROMAT ICS 

Ben z ene 

Toluene 

Ethy lben z ene + m - , p -Xyl ene s 

o -Xylene 

Tr imethy lben z ene s 

I V- 1 0 1  

SOUTH LOU I S IANA 

CRUDE O I L  

0 . 5 4 

3 . 0 1  

2 . 3 6 

1 . 6 9 

0 . 4 9  

0 . 7 0  

0 . 3 8 

0 . 2 3  

0 . 0 9 

0 . 2 2 

0 . 0 6  

0 . 0 1 2  

0 . 0 0 9  

0 . 0 8 9  

6 . 7 5  

4 . 1 3 

1 .  5 6  

0 . 4 0  

0 . 7 6 



TABLE IV- 3 3  ( CONT . )  

COMPOUND 

AROMAT I C S  ( CONT . )  

Naphthal ene 

1 -Methyl naphtha l ene 

2 -Me thylnaptha l ene 

D imethylnaphtha lene s 

Trime thylnaphtha l ene s 

B ipheny l 

Methylb ipheny l s  

D irne thyl b ipheny l s  

F l uorene 

Methyl f l uorene s 

D ime thy l f luorene s 

D i b e n z o thiophene 

Phenan threne 

Me thy lphenanthren e s  

D imethylphenanthrene s 

TOTAL SATURATES 

TOTAL AROMAT I C S  

TOTAL D I S SOLVED HYDROCARBONS 
MEASURED 

SOUTH LOU I S IANA 

CRUDE O I L  

0 . 1 2 

0 . 0 6 

0 . 0 5 

0 . 0 6 

0 . 0 0 8  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 2  

0 . 0 0 1  

9 . 8 6 

1 3 . 9 0 

2 3 . 7 6 

Source : Anderson e t  al . ,  tt Characte r i s t i c s  o f  D i s p e r s ion 
and Wate r -Soluble Extrac t s  o f  Crude and Re f ined O i l s , "  Mar ine 
?ioloIT 2 7  ( 1 9 7 4 ) : 7 5 - 8 8 . 
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TABLE IV- 3 4  

HYDROCARBON COMPOS I T I ON OF AQUEOU S P HAS E OF 
1 , 0 0 0  ppm OF O I L - IN -WATER D I S PERS IONS a 

HYDROCARBON 

c
1 2

- c 2 4  
n-para f f  in 

T r i - and tetra
methyl ben z en e s  

Naphthal ene 

1 -Methy lnaphthalene 

2 -Methyl naphthal ene 

D imethyl naphtha lene s 

Tr imethy lnaphtha lene s 

P henanthrene 

Methylphenanthrenes 

TOTAL N-PARAF F I N S  

TOTAL AROMAT I C S  

TOTAL HYDROCARBONS 
MEASURED 

SOUTH LOU I S IANA 

1 , 9 8 8  

1 3 5  

6 4  

4 0  

4 6  

1 0 8  

5 6  

3 4  

2 0  

1 , 9 8 8  

5 0 6  

2 , 4 9 4  

a
All concentrations expre s s ed in ppb . 

Sourc e : Ander son e t  al . ,  " Character i s t i c s  o f  D i sper
s ion and Wate r - So luble Extracts , "  1 9 7 4 , pp . 1 5 - 8 8 . 
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but rather to prevent corro s ion , s cal ing , or growth o f  
bacte r i a l  s l imes in inj ection we l l s . According t o  the EPA 
D eve lopment Document : " Current indus try prac t i c e  i s  to 
app l y  minimal or no trea tment to the water p r io r  to d i s 
po s a l . I f  water des t ined for d i spo s a l  requ ires treatment , 
i t  i s  usua l l y  conf ined to minimal app l i cation o f  a corros ion 
inh i b i to r  and bac t e r i c id e ; a s eque s te r ing agent may be added 
to wate r s  having scal ing tenden c i e s  . . .  Chemi cal s are gene r a l l y  
added at about 1 0  t o  5 0  ppm . " Addi tion o f  the s e  c hemi c a l s  
wi l l  increas e ,  rather than decreas e , the potent ial water 
qua l i ty problems r e s u l ting from brine in j ection . 

3 .  Pos s ib l e  Impac t s  o f  I n j e cted Waters on Groundwater 
Qual i ty 

3 . 1 Introduc tion 

Ground water is he l d  in perme ab l e  l ayers  of s and ( aqui fers ) 
s eparated f rom e ach o ther and from the s ur face by l e s s  p e r 
meable l ayer s ( aquic l ud e s ) .  Freshwater ( le s s  than 1 , 0 0 0  
mg/ l  total d i s so lved s o l id s ) occurs in s trata c lo s e r  to the 
s ur face , with bracki sh water in deeper aqui fe r s . 

Ground wate r  s upp l i e s  a s igni fi cant portion o f  the 
water s upp ly needs o f  the Uni ted S tates ( see F i gure IV-9 , 
which s hows percent o f  water s upp ly obtained for ground 
water in e ach o f  the s tate s ) .  Furthermore , in many are a s  o f  
the country aqu i fers  are already s igni f i cantly contaminated 
as  a r e s u l t  of natural geochemical proce s s e s . 1 2  There fore , 
i t  i s  p articularly important to pre s e rve the qual i ty o f  the 
portion of ground water which is not natur a l ly contaminated 
and wh ich c an be used as a source of pub l i c  wate r s upp l i e s . 

Groundwater contamination i s  particularly s er ious 
because it is long l a s ting , d i f f icult to trace , and may be 
very far reaching . Once a l ayer o f  permeab le s and ha s been 
po l l uted , it may be years be fore di lution and percolation 
c lear the contaminant away . Al though the actual r ate o f  
f low var i e s  among aqui fer s , 2 0 0  f e e t  p e r  year h a s  been 
sugges ted as  a reasonable rate . 1 3  At thi s  rate of f low , 2 6 0  
years would be required to c le ar an aqu i fe r  1 0  mi l e s  f rom a 
river . Some aqu i f e r s  f low as s lowly a s  2 0  f t/yr , and would , 
there fore , require even longer to c l ean s e  natur al l y . 

1 2 s e e  U . S .  Environmental Protection Agency , Groundwater 
P o l l ut ion in the South Central State s , EPA-R2 -7 3 - 2 6 8 , June 1 9 7 3 . 

1 3A . G . Coll ins , Chemi cal App l i c at ions in O i l  and Gas We l l  
Dri l l ing and Comp l e tion Ope r a t i ons , for the u . s  Bure au o f  Mine s , 
1 9 7 5 . 
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Thre e  important bene f i c i a l  u s e s  o f  ground water wi l l  be 
cons idered in thi s s e c t ion : u s e  for l ive s to c k  watering , u s e  
f o r  irrigation , and u s e  a s  the source o f  a p ub l i c  water 
supply s y s tem . 

3 . 2  " Sa f e " Leve l s  o f  Brine Cons ti tuents i n  Groundwa te r  
S upp l i e s  

Two s e t s  o f  regulatory s tandards c an b e  appl ie d  t o  the 
qua l ity of drink ing wate r . The f ir s t  i s  app l icable only to 
aqu i f e r s  used a s  the s o urce o f  drinking water s upply s y s tems 
and cons i s t s  of E PA ' a  P rimary Dri nking Wa ter Regulation s . 
The s e  regulations s e t  maximum perm i s s ible leve l s  o f  a numbe r  
o f  organic and i norgani c  contaminants i n  waters used a s  the 
s o urce o f  drinking water s upply sy stems . The s econd are 
EPA ' s  Water Qua l ity C r i t e r ia . The s e  are a s e t  o f  maximum 
recommended l eve l s  for a number o f  c ontaminants in water 
supp l i e s  used for a var i e ty o f  particular bene f ic i a l  uses  
( e . g . , ma intenance o f  fre s hwater aquatic population s , recrea

tion , i rr igation ) . Although they have no regulatory forc e , 
they gene r a l ly form the b a s i s  for the wate r qua l i ty s tandard s 
by which each o f  the i nd ividual s tate s regulate the qua l i ty 
o f  the i r  own water s .  Although the c r i te r i a  were o r igina l l y  
intended f o r  appl i c ation t o  surface water s , many o f  the 
bene f ic ia l  u s e  c ategorie s over l ap tho s e  for which ground water 
may be used . 

Maximum perm is s ib l e  leve l s  for brine contaminants s e t  
i n  EPA Water Qua l i ty Criteria for irr igation wate r s , EPA 
Water Qua l ity Criteria for waters used for l ive s tock wate r 
ing , and i n  the P rimary Drink in g  Regulation s , a r e  s hown i n  
Table IV- 3 5 . 

3 . 3  " Sa f e " Leve l s  o f  Chemi c a l  Addi tive s Used i n  O i l  
Recovery 

All advanced o i l  rec overy technique s emp loy a vari e ty 
o f  c hemica l s  to ful f i l l  a mul t itude o f  funct ions . I n  
m ic e l l a r -po lymer f looding , f o r  examp le , c hemica l s  s uc h  a s  
surfactan t s , polyme r s , and co sur factants are r e gularly u s ed 
whi l e  other chem i ca l s  are o ften used o n  a s ite - s p e c i f i c  
ba s i s  t o  contro l corro s ion , adj u s t  pH , and contro l a l ga l  
and bacterial growth s . 
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TABLE IV- 3 5  

RE C0��1ENDED LEVELS OF S OME BRINE CONSTI TUENTS 
IN GROUND ��ATER 

( mg/ l )  

CONSTI TUENT AGRICULTURE L IVESTOCK D RINKING 

As 0 . 1  0 .  2 0 . 0 5 

Ba 1 . 0  

C d  0 . 0 1 0 . 0 5 0 . 0 1 

Cr 0 . 1  1 .  0 0 . 0 5 

P b  5 . 0  0 . 1  0 . 0 5 

Hg 0 . 0 0 1  0 . 0 0 2  

Ag 0 . 0 5 

Be 0 . 1  

C u  0 . 2  0 .  5 1 .  0 

F e  5 . 0  0 . 3  

L i  0 . 0 7 5  

N i  0 . 2  

C l  2 5 0 . 

S ource : U . S .  Envi ronmenta l P ro tec tion Agenc y , Wa ter 
Qua l i ty C r i te r i a , 1 9 7 2 , 1 9 7 3 ,  and 1 9 7 5  e d i t i on s , and Na t ional 
Interim Pr imary D r ink ing Water Regu l a tion s , Federa l Reg i ster , 
Dec emb e r  2 4 ,  1 9 7 5 1 pp . 5 9 5  6 6  f f . 
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A l i s t  o f  repre s entat ive surfactan t s  i s  pres ented in 
Appendix L ( Table L - 1 ) . For e ach o f  the o rgan i c  surfac tants 
used i n  advanced o i l  recovery , max imum permi s s ib le leve l s  
have been s e t  i n  the EPA Water Qua l ity C r i te r i a . They are 
0 . 2  mg/l i ter for aqua t i c  l i fe and 0 . 5  mg/ l i ter for dr inking 
wat e r . 

4 .  Sour c e s  o f  Gro undwater Contamination 

Gro undwater contaminat ion c an occur by the fo l lowing 
me chani sms : 

• Leaching o r  seepage from surf ace s p i l l s  

• We l l  f a i l ure 

• Change s in the o i l -bearing forma tions 

Sur face contamination o f  groundwater aqui f e r s  can be 
due to i n f i l tration and percolation o f  s p i l led chemi c a l s  
into the gro und water and s eepage from br ine d i s p o s a l  p i ts . 
The problem o f  s ur f  ace s p i l lage i s  a phenomenon wh ich i s  
e a s i ly detec tab le and preventab le . I t  i s  f e l t  that the h i gh 
c o s t  o f  the chemica l s , the e a s e  o f  dete c t ion , and the ava i l 
ab i l i ty o f  s ui table contro l me chans i sms a l l  s erve to minimi z e  
the potent i a l  for wide spread groundwater contamination from 
thi s source . 

Leaching o f  chemical r e s idua l s  i s  ano the r source o f  
po l l ution . I t  i s  not e a s i ly dete c tab le , nor i s  i t  e a s i ly 
contro l la b l e  by arti f i c i a l  means . 

Thi s  me chan i sm i s , however , contro l led by natural 
force s which tend to minimi z e  the potent i a l  impac t s . The 
amo unt o f  l eaching is dependent on the amo unt o f  exce s s  
r a in f a l l  over evapora t ion , whi l e  the movement o f  the po l 
lutant through the s o i l  matrix depend s  o n  s uch fo rces  a s  
microbial degradation , c hemi c a l  and microb i a l  immob i l i z at ion 
and miner a l i z a tion , and s ur f ace ad sorption e f fe c t s . 

Many states have recently recogn i z e d  the danger o f  
seepage from br ine d i s p o s a l  p i t s  and require that a l l  
d i spo sal p i t s  b e  impervious .  The r e s u l t  has been a drama t i c  
reduc tion in t h e  amount o f  new pol lution f rom th i s  sourc e . 
O f  the comp laints concerning br ine s eepage in Texas Ra i lro ad 
Commi s s ion D i s tr i c t  I I I  s ince th i s  l aw went into e f fect i n  
1 9 7 3 , mo s t  have b e e n  traced to cont inu ing s eepage f rom 
ear l ier d i s po s a l . The d i f f iculty with b r ine s e e p s  and 
c hemi c a l  s p i l l s , a s  wi th gro undwater pol lut ion in general , 
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i s  che ir ionge v i cy .  The r i sk o f  chemic a l  s p i l l s  and s e e p s  
i s  d i f f i c u l t t o  q ua11 t i fy b e c a u s e  many s it e -spec i f i c  fac tor s 
such a s  operator s k i l l ,  s y s tems de s ign and construc t ion , 
mod e s  o f  ship:rte�1t. , and weath e r , w i l l  interact a t  e acb l o ::: a. · 
t ion . Sp i l l s  wh ich do oc c ur may have long l a s ting e f f e c t s  
o n  gro und wate r , 

F igure IV- 1 0  s hows a d i agram o f  a produc i ng we ll and t h e  
po s s i b le route s by wh ich i n j e c ted or produc e d  f l ui d s  c a n  
le ak into water -bear ing s t rata . 

The we l l  bore i s  lined with me t a l  c a s ing whi c h  i s  
cemented t o  the s ide s o f  the hole . S ur f ac e  c a s ing may be 
i n s t a l l ed near the we l l  head to keep the hole c l e ar and tc 
prote c t  shal low f r e s hwate r aqu i f e r s . Produc t io n  c a s ing rl 
the l ength o f  the we l l . A p acker s e t  i n s ide the c a s ing 
s e a l s o f f  the we l l  j u s t  above the o i l -be a r ing sys tem . 
F l uids p a s s  through tubing which i s  sus pended ins ide the 
c a s ing and which p a s s e s  through the p acker . The re s ul t  i s  a 
mu l t i p l e  s h i e l d  between groundwater s upp l i e s  and o i l f i e ld 
f l u id s . D e sp i te the s e  e l aborate precautions , the we l l  may 
provide communication among s trata for fluids . 

C ro s s -con tamination o f  ground water i s  d ue to moveme nt 
of po l lutants f rom one s ub s u r f ac e  aqu i f e r  which is  used for 
brine d i spo s a l  o r  oil product ion to ano ther aqu i fer which i s  
a source o f  potable gro und water . Th i s  can o c c ur a s  a 
r e s u l t  o f  man -made e f f e c t s  such a s  incr e a 3 e s  i n  p r e s s ure o r  
temperature that can c a u s e  f i s sure s . 

Groundwa ter contamination i s  more o f  a pro b l em in 
regions which derive s igni f ic ant frac t i on s  of the i r  wa ter 
supply from groundwater source s . T ab l e  I V - 3 6  s hows l e ve l s  
o f  o i l  production i n  s eve ral states  together with s t ati s t i c s  
o n  percent o f  total water s upply i n  e a = h  o f  tho se s t ates 
wh ich i s  der ived f rom groundwater source s .  

Evo lving EPA gu idel ine s and r egu l at ions for r e i n j e c t ion , 
mandated under the S a fe Drinking Water Ac t 1 should , i n  the 
future , tend to mit igate problems ar i s ing i n  t h i s  area . 
Regions r e lying on a s ingle aqui fer coul d app ly comp l e te 
re s t r i c tions on any rein j e c t ion tha t could p o l i ute tha t 
a qu i f e r . 

S im i l ar l y , the a 2 v e l oprae n� o f  Sp i l l  Co� �ro l and C o un t e r -
rne t:1 ·:_; :1.r, '::! P l  ar1 s , a s  �1�a.r�c: :1 �:, 'f: rJ t;y ·�· Yi.,�� �·J a �,�:_ e r:, F-c1 l 1 � :: :_ ·)I}. A. �;  t, 
( P L  9 2 - 5 0 0 ) ,  sho u ld m i t i ga t e  prob l e m s  a r i s ins f rom acc idental 
sp i l l s . The approp r i a t e  r e gu l a t i o n s ( 4 0  CFR : 1 2 )  p r e s c r i b e  
s tandard s for both equ ipment c o n f i g ur a t i o n s  and for ho u s e 
ke e p i ng a n d.  o p e r a t i 11 ··; r; r·a(:: t i. .: c�; s .,  
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TABLE IV- 3 6  

LEVELS OF ONSHORE O I L  P RODUCTION AND PERCENT OF 

TOTAL WATER SUPPLY DE RIVED FROM GROUNDWATER S OURCES 

S TATE 

Al abama 

Ala ska 

Arkan s a s  

C a l i forn i a  

Co lo rado 

F lorida 

I l l ino i s  

Ind i ana 

Kan s a s  

Kentucky 

Loui s i an a  

Michigan 

Mi s s i s s ipp i 

Mon tan a 

Nebraska 

New Mexico 

North Dakota 

Ohio 

Oklahoma 

Penn sylvania 

Texa s 

Utah 

We s t  Virgini a 

Wyoming 

1 9 7 5  P RODUCTION l 

( 1 0 6 bbl )  

1 3 . 5  

9 . 5  

1 6 . 1  

2 4 3 . 1 

3 8 . 1  

4 1 . 9  

2 6 . 1  

4 .  6 

5 9 . 1  

7 . 6  

2 8 9 . 8  

2 4 . 4  

4 6 . 6  

3 2 . 8  

6 . 1 

9 5 . 1  

2 0 . 5  

9 . 6  

1 6 3 . 1  

3 . 3  

1 , 2 2 1 . 2  

4 2 . 3  

2 .  5 

1 3 5 . 9 

GROUNDWATER USE
2 

GROUND 

4 

5 0  

3 8  

1 6  

2 0  

7 

5 

8 3  

4 

1 7  

7 

3 7  

2 

5 5  

5 0  

1 4  

5 

5 9  

4 

3 4  

1 6  

1 

4 

\. J . s .  Dept . o f  I nt . , Bureau o f  Mine s , Q uantity and Va l �-= o f  
C rude P e troleum P roduced and Approximate Number o f  P roduc ing O i l  
We l l s  in the U . S . : 1 9 7 5  and 1 9 7 4 .  

2
water At l a s  o f  the United S ta t e s , P late 3 2 .  
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E .  Air Qual ity Impacts o f  Compre s s ion and P umping Engines 

Re f erence has been made throughout thi s report to the 
neces s i ty of u s ing e i ther e le c t r i c , natural gas , or die s e l 
power p lants to energ i z e  typi c a l  l i f ting pump s and compre s sors . 
The c ompre s sors are used for the i n j e c tion o f  e ither a 
gaseous or l iquid s ub s tance into the we l l  forma tion to 
enhance recove ry , wh i l e  the l i ft ing pump s are tho se requ ired 
to move p roduce d  o i l  to the surfac e . Thi s s e c tion of . the 
report addre s se s  the a i r  qua l i ty imp l ic ations of the u s e  o f  
the s e  engines w i th r e s p e c t  to short term near - f i e ld impac ts . 

L i f ting pump s are used , more or l e s s  in proportion to 
the amount of o i l  produced independent of the product ion 
method used . Thus , the u l t imate impac t o f  any o f  the sepa
rate p r i c ing s trateg i e s  i s , e s s en t i a l ly , proportional to the 
expec te d  total output . Antic ipating the produc tion c on s e 
quence s  de sc ribed b e low i n  Chapter VI , l i ttle d i f ference 
among a l l  o f  the a l te rnative s  would b e  expected . The range 
i n  produc t ion from the lowe s t  scenario to the h ighe s t  i s  
only about 2 . 5  percent . A l l  pric ing scen ar i o s  would , howeve r , 
inc rease the impact f rom thi s  source by about 9 percent 
re lative to the Base C a s e . 

I n j e c t ion requirements depend on the spec i f ic techno logy . 
I n- s i tu c ombustion and C0 2 i n j e c ti on require l arge gas com
pre s sors re lative to the pump ing needs of other technolog ies . 
Both o f  the s e  techniques are expected to increase sub s tan t i a l ly 
i f  e ither o f  the third t i e r  option s  p romo ting tertiary produc 
t i on are a dopted ( option s  I I IA or I I I B )  . 

Electric motors uti l i z ing externa l l y  produc ed e le c tr i c i ty 
present no local a i r  qua l ity prob lems o f  any note . The use 
o f  thes e  engines may have a minor secondary impac t on the 
reg ion as a who le due to the increased power demands they 
place on the regional power gene rating p lants . 

Emi s s ion rates for d i e se l - and natur a l  gas - f ired . s ta
tionary eng ine s are l i sted in Table IV- 3 7 . The se value s are 
taken from the EPA repor t  AP - 4 2 , and repr e s en t  an aver age of 
typ ical engines in use as stationary indus trial power p lants . 
In format ion on the fraction o f  total hydrocarbon emi s s ions 
attr ibutab le to methane is as  noted for gas eng ines b ut was 
not ava i lab le for d i e s e l  engine s . 

Engine s i z e s  vary b e tween 2 0  and 1 , 0 0 0  horsepowe r . The 
typ i c a l  wa lking beam produc t ion pump carri e s  a 2 0  to 2 5  
hors epower engine , and runs on e le c tr i c i ty where i t  i s  
ava i lab le . Water i n j e c t i on pump s tend to be s i z ed in the 
ne i ghbo rhood of 1 0 0  g a l lons per minute a t  up to 3 , 0 0 0  p s i , 
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and thi s  requir e s  an eng ine o f  about 1 6 0  horsepowe r . S ome 
l arger sys tems that do a great dea l  of water proc e s s ing tend 
to u s e  s everal 1 , 0 0 0  hp gas - f ired engine s o f  e i ther the 
turbine or rec iproc ating variety . Pre s s uri zed water in 
the s e  sys tems i s  d i s patched to i n j ection we l l s  by h i gh 
pre s sure p ip in g . Gaseous i n j ection pro j e c ts a l s o  tend to 
use l arge hors epower gas or e le c tric compre s s or engine s . 
Ut i l i zed hor sepower r ange s from 4 0 0  to 1 , 2 0 0  hp , with 1 , 0 0 0  
hp units predominating . 

-4  

TABLE IV- 3 7  

EMI S S IONS LEVELS FOR D IESEL AND NATURAL 
GAS -DRIVEN COMPRE SSOR ENGINES 

D IE S EL GAS GAS 
( 1 0 g/hp -sec ) (� 6 0 0  hp ) ( Turbine ) ( Rec iproc al ) 

so 2 2 . 5 9  0 . 0 0 6  0 . 0 0 6  

PM 2 . 7 8 

NO 3 8 . 9  3 . 6 1
1 

3 0 . 6 1 
x 

0 . 2 7 8
2 

1 2 . 2
2 

HC 3 . 11 

co 8 . 4 2  1 . 3 9 3 . 8 9 

1
To tal NOx reported a s  N0

2 . 

2 Total hydrocarbons ,  as C ;  betwe e n  9 0  and 9 5  percent 
i s  C H

4 . 

Sourc e : U . S . Environmental Pro te c tion Agency , 
Comp i l ation o f  Air Pol lutant Emi s s io n  Factor s , Report 
No . AP - 4 2 ,  Apr i l  1 9 7 3  ( p lus supp lements 1 - 6 ) . 

A c alculation o f  annual average concentration o f  NOx has 
been performed by the Aus t in branch of the Texas Air Control 
Board to a s s e s s  the n i trogen dioxide l eve l s  surro unding a 
particularly large instal l ation o f  gas - f ired rec iprocating 
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compr e s sor eng ine s .
1 

I t  was e s t imated that the 4 0  1 , 0 0 0 -hp 
engine s a t  that s it e  would acc ount for an annua l  N02 
concentration o f  over 2 0 0  µ g/m3 , twice the s tandard . Such 
a l arge co l le c t ion of the s e  engine s cou ld represent a 
s igni f i c an t  long-term impact .  I s o l ated uni t s  may need c l o s e  
s c rutiny o n l y  i n  r e g ions o f  documented s en s it ivity to add i 
tional annu a l  N02 leve l s . Sho r t - term impac t s  s hould b e  
c are f u l l y  evaluated i n  r e g ions exper ienc ing oxidant prob l ems , 
s ince both n itrogen o x id e s and reactive hydroc arbons may b e  
pre s ent in amp l e  propor t ion . 

E s t imat e s  o f  wor s t  c a s e  concentrations o f  S0 2 1 NOx , CO , 
and hydrocarbo n s  were made acc o rding to the Workbook me thod 
d e s c r i be d  above . 2 High s ho r t - term concentrations might be 
e xpec ted in the v i c i n i ty of the sourc e s , due to the l imited 
he i ght of s tacks a s so c iated with c ompre s so r s  and engine s .  

Ther e  i s  no s hort -term N a t iona l Amb ient Air Qua l ity 
S t andard for NOx . C a l i forni a  h a s , however , a 1 -hour s tandard 
for thi s  po l l utant , s e t  a t  4 7 0 µ g/m3 . Wor s t  c a s e  e s t imat e s  
indicate that t h i s  s t andard would be exceede d  b e yond the 
fence l ine for eng ine s l arger than about 2 0 0  ho r s epower . 
Thi s  potential pro b l em could inhi b i t  e xpans ion o f  i n - s i tu 
combus tion p ro j e c t s , many o f  whi c h  would b e  s ituated in 
C a l i forni a . 

Hydrocarbon emi s s ions could l e ad to v i o lations o f  the 
Federal 3 -hour s tandard ( 1 6 0  µ g/m3 ) for the l arger engine 
s i z e s  ( 6 0 0  hp and l arger ) , particularly if the engi n e s  wer e  
c lu s tered . T h e  wor st c a s e  e s t imate s f o r  a s ingle 6 0 0  hp 
engine s howed a marginal l ik e l i hood o f  s t andard v i o l a tion . 
A more s erious cons traint on p ro j e c t  expans ion o r  deve lopment 
could be re s tr i c t io n s  on hydroc arbon emi s s io n s  in o xidant 
non-attainment a r e a s . Much o f  C a l i fo r n i a  and the Gul f  Coa s t  
o i l  f i e ld s  l ie i n  s uc h  area s . I t  i s  not apparent c urrent ly 
i f  o i l f ie ld engine s ,  even i f  aggregated over a large p ro j e c t , 
wi l l  b e  regulated a s  a r e s u l t  o f  non-attainment . 

CO and S02 do not appear to p o s e  any problems connected 
with o i l f ie l d  engine s and compre s sor s . 

N it rogen dioxide i s  p r imari ly known a s  an important 
precursor in the formation o f  pho tochemi c a l  s mo g . P hoto
c hemi c a l  reactions  involving n itrogen oxide s and other 

1 
P e r sonal c ommun i c ation , Texas Air Control Board , Aus ti n , 

Aus t in , Texas , 1 9 7 6 . 

2 o . B .  Turne r , Wor kbook o f  Atmo s pheric D i spe r s ion E s t imate s , 
for the U . S .  Environmental P rotection Age nc y , 1 9 7 0 , pp . 1 1 - 1 7 . 
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oxidan t s  s uch a s  o z one can trigger a chain o f  chemical 
events which re s ul t  in the oxidation of  a tmo spher i c  hydro 
c arbons to h ighly toxi c and i r r ita ting a ldehyde s and k e tone s . 
The partic i pation o f  n i trogen o x i d e s  in the format ion o f  
photoc hem i c a l  smog i s  d i scus s ed i n  a numb e r  o f  t e x t s . 3 

3
s . J .  Wi l l i amson , Fundamenta l s  o f  Air P o l l ution ( Re ad ing , 

Ma s s . :  Add i so n -We s l ey Pub l i s hing Co . ,  1 9 7 3 ) . 
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The ma j or l and � s e  impact o f  o i l  produc t io n  i s  the 
temporary r e s t r i c tion o f  l and from other u s e s  due to i t s  
o c c up a t ion b y  p roduc t i o n  equ i pment , mach inery , and road s . 
So many p ararae te r s  :L n f  lue n.ce the amount. o f  l and required 
i o �  recovery f rom a s p e c L f i . c  f ie l d  tha t it i s  d i f f i c u l t  
t o  quant i fy 1 ;u1d G c> e  i E  d ·::i ene..c a l i z ed f a s rL. o :r:, . Some genera l 
conc l u s ions can be drawn , howeve r .  

The a.mo unt o f  surface area nece s s ary for o i l  recover:l 
operations  is propor t ional  to the amount of e quipm8nt u sed 
in the recovery . More e qu i pment and , thus , more land i s  
gene r a l l y  ne c e s s ary for s econdary and tert i ary me thods than 
for pr imary method s , al though the need for a s soc ia ted g a s  
proc e s s ing equ ipme n t  at a prima ry recove r y  pro j e c t  could 
al. t e r  this s i tuation in many i n s tanc e s . Howeve r , in general 
other factors than s t age o f  recovery are mor e  impo rtant in 
dete rmin ing l and requi remen t s , e spec ia l l y  we l l  den s i ty and 
forma t i o n  character i s t i c s . 

As s uming that l and requiremen t s  are greater for s ec o ndary 
and tert i a ry method s , the two third - s tage options emphas i z ing 
tert i ary produc tion ( I I IA and I I IB )  could produce a greater 
impact on l a nd u s e . Even i n  the s e  c a s e s  the d i f ferenc e s  are 
no t e xpe cted to be l ar ge . 

Recovery p ro j e c t s  do not o c c upy l arge amount s  o f  l and . 
Sma l l  p lo t s  o f  l and s ur face above re s e rvo i r s  are r e s tr icted 
from o ther use because they contain we l l s  and a s soc i ated 
equipment . The s e  p lo t s  are fenced as needed to prevent 
intru s i on by herded anima l s . Some l and i s  a l so u s ed by 
acce s s  roads . Al l o f  the r e s t  o f  the l and above the r e s e r 
v o i r  i s  u s ab l e . The s ur f ac e  i s  large ly undi s turbed and 
can be u s ed for gra z ing an� crop f arming . 

Furthermore , the re s t r i c t i on o f  the l an d  i s  temporary . 
Once the r e s e rvo ir has been exhaus ted the we l l s  are p l ugged , 
and the equipment i s  removed . Land which was o c cup ied can 
then be returned to its or ig inal use . The duration o f  
o c c upation var i e s  wide ly , depending o n  produc tion char a c t e r 
i s t i c s  o f  t h e  r e s ervo i r . S econdary and tert i ary pro j ec t s  
enab l e  o i l  recovery from f i e l d s  wh i c h  a r e  unab le t o  produce 
further by pr imary me thod s ,  and thu s lengthen the f unc tional 
l i fe o f  the re servo i r s  and l imit the u s e  o f  the l and fo � a 
longer per lod o f  t ime . 
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CHAPTER V 

DESCRI PTION OF THE ENVI RONMENT 

The intent o f  the propo s ed regul atory program i s , as  
de scribed in the preceding ch apte rs , to achieve opt imum 
dome s t i c  crude o i l  produc t ion . The main th ru s t  o f  the 
s everal al terna tive pricing s c enari o s  con s idered would be to 
change the geograph i c  di s tribution of current p roduc ti on 
leve l s , genera l l y  incre a s ing them everywhere . L i t t l e  or no 
p roduc tion from fronti e r  are a s  other th an tho s e  a l re ady 
categori z e d  as res e rves wo uld be expected . Th u s  th e ma j or 
envi ronmental impacts tha t would ari s e  from change s  i n  
p roduc tion leve l s  would o c c u r  i n  the sh aded regions i n  
Fi gure V- 1 ,  a ma

_
p showi ng the general location o f  dome s ti c  

r e s e rve s . 

I t  i s  immedi ately evident that the s e  areas appear in 
parts of the Un i ted S ta te s  wi th wide ly d iverse envi ronmenta l 
characte r .  I t  i s  al s o  apparent that the general s c a l e  o f  
the impac ted areas i s  much too l arge to s uppor t  a hi gh ly 
local i z ed d i s cu s s i on o f  exi s ting envi ronmen tal fe ature s . As 
a prac t i c a l  approach con s i s tent wi th the emphas i s  given to 
the di s cu s s ion o f  local ( Chapter IV)  and aggregated ( Chap
ter VI I )  impact s ,  an appendix has b een p repared ( Appendix J )  
d e s cribing importan t envi ronmen tal features o f  each P e troleum 
Demand Re gion and o f  speci f i c  loc ation s  whi ch mi gh t be mos t  
a f f e c te d  by the pric ing regulation s . The s pe c i f i c  locations 
inc lud e two coas tal locations ( Gu l f  of Mexico and Ca l i forni a )  
and in land areas in Texas , Southern Cal i forn i a , Loui s i ana , 
Wyoming , and Ok l ahoma . 

The n a tiona l and regional overvi ew portions o f  th e 
appendi x  con s i de r  air qua l i ty , wa ter s upply and us age , wate r 
qua l i ty , ma j or biome s and land u s e , and s o c ioe conomi c fac
to rs . The loca l o r  s ub regional d e s c riptions inc lude phy s io
graphic , oceanograph i c  and c l imat i c  da ta , resource s , and 
envi ronmenta l qua l i ty data . 

The d i s c u s s ion o f  air qual i ty focuse s on potenti a l  
con s train t s  po sed b y  the current or p ro j ec ted leve l s  o f  
ambient po l lutant concentration s . Whe re current leve l s  
exceed the Na tional Ambi ent Ai r Qua l i ty S tandard s , tho s e  
regions a r e  de s i gnated as  non-attainment regions . S imi 
l arly , regions in wh ich po l lutant concentrations are e xp e cted 
to exceed s tandards through future growth are des i gna ted as 
Ai r Qua l i ty Ma in tenance Are a s . F i n a l ly , in acco rdance with 
a court-upheld opinion o f  the intent o f  the Clean Ai r Ac t 
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Amendments o f  1 9 7 0 , future po l lution increas e s  in certain 
regions o f  the country wi l l  be l imi ted to such changes in 
ambient leve l s  a s  prevent s i gni ficant de teri oration o f  a i r  
qua l ity . 

Al l o f  the s e  statutory requi rements are being tran s 
l ated into po l i c ie s  and regul ations affecting the growth o f  
n e w  source s  o f  emi s s i on s . The proce s s  i s  s t i l l  evo luti onary 
but in any case  wi l l  place s ome constraints on growth . That 
the s e  cons traints wi l l  a f fe c t  pe troleum produc tion and 
p roc es s ing i s , however , c l e ar even now . A permi t to bui ld a 
new s torage fac i l i ty in Southern Cal i forn ia to accommodate 
s h i pments o f  Alaskan crude was denied on the b a s i s  th at no 
addi tional hydrocarbon emi s s i on s  could be tolerated in an 
oxidants non- attainment region . 

The next aspect di s cu s s e d , water supply and us age , i s  
important more from a resources commi tment viewpo int than 
from an environmental po l lution vi ewpoint . Wa ter is an 
e s s ential e l ement in production by s econdary and s everal 
tertiary recovery methods . Con s i de ration s  of  avai lab i l i ty 
are important particularly in arid or s emi-arid parts o f  the 
Un i ted S tate s . Re s tr i c ti ons on rein j e c tion and underground 
d i s p o s a l  may a l s o  cons train future deve lopment . 

Appendix J conta ins a b roade r di s cus s i on o f  the s e  
s ub j e c t s , together wi th a s e r i e s  o f  maps , f i gures and 
tab l e s  s ummari z ing a number o f  envi ronmental factors . 
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CHAPTER VI 

ENERGY IMPACTS OF ALTERNATIVE PRI C ING SCENARIOS 

A .  Produc t ion Impac t s  

For e ach produc t ion s cenario de f ined i n  Chapter I I , the 
vo lumes o f  crude o i l  produc t ion in 1 9 7 9  and 1 9 8 5  in each P e tro 
leum S upply Reg ion ( F igure VI - 1 ) by type o f  tec hno logy emp loyed 
were der ived us ing the methodo logy d e s c r ibed in C hapter I I I . The 
value s s hown were der ived for us e as input to the environmental 
impact anal y s i s . The introduct ion to Chapter I I I  exp l a in s  in 
deta i l  why the inte r - c a s e  d i f fe renc e s  s hown be low are s ign i f  i
c antly greater than wou ld b e  expected in a c tual prac t ic e . ( I n 
e s s ence , the produc t ion e s timates were b a s ed on p e s s imi s t ic price 
expec tations . )  

T ab l e  VI - 1  indicates  the s hor thand us ed herea fter to d e s c r ib e  
s c enario s . F o r  examp l e , t h e  d e s c r iption , "Al ternative I IB with 
I I ID "  abbreviated I IB , I I ID indicates  a S tage II pol icy of holding 
the lower t i er at cons tant real price and a S tage I I I  pol icy o f  
reduc ing the C a l i forn ia gravi ty/price sc hedu l e . 

Overal l  produc t ion vo l ume impact ana l y s e s  for the a l t e r 
nat ive s are pres ented in Tab l e s  VI - 3 to VI - 1 8 . Tab l e  VI - 2  s hows 
1 9 7 5  vo lumes for compar i s on and Tab le VI - 1 9  s hows forec a s t  vo lume s 
for 1 9 8 5 . The r e s u l t s  are s ummari z ed in T ab l e  VI - 2 0 . 

P erusal o f  Table VI - 2 0  l eads to thr ee princ ipal obs erva 
tions : 

1 .  P roduc t ion in 1 9 7 9  under any o f  the pric ing options is  
6 . 5  to 9 . 5  percent greater than with Base Case pric e s . 

2 .  Produc t ion d i f ferences among the c a s e s  are sma l l : 
the b e s t  c a s e  ( I IC , I I IA , C ,  O )  i s  only 2 . 8  percent 
better than the wor s t  c a s e  ( I I C ) . 

3 .  Even with the pe s s imi s t i c  s et o f  price expec tations 
as s umed , an option ex i s ts ( I I C , I I IA ,  C ,  O )  that would 
br ing forth produc t ion in 1 9 7 9  at 9 9 . 9  percent of the 
rate that wou ld be expec ted if crude o i l  p r i c e  contro l s  
had lap s ed i n  mid- 1 9 7 6 . 

The compo s i te c a s e  cons i s ts o f  three pr ice incent ive e l e 
me nts -- a l lowing te rtiary produc t ion t o  be sold a t  the f re e  
market price , redef ining o f f s hore wel ls with l e s s  than 4 0  barr e l s  
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per day produc tion from lower tier to s tr ipper , reduc ing the 
price/gravity schedule for low gravity C a l i fo rn i a  crude o i l s  
plus permitt ing the real pr ice o f  lower tier o i l  to d e c l ine ( by 
hold ing the nominal price con s tant)  . 
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S H ORTHAND 

B a s e  Ca s e  

S ta g e  I I  

I IA 

I I B  

I I C  

S ta g e  I I I  

I I IA 

I I I B  

I I IC 

I I I D  

D econtro l 
( in 1 9  7 6 )  

TABLE VI- 1  

SHORTHAND FOR P RI C ING ALTERNATIVES 

P RIC ING P OLICY DE S C R I P TI ON 

B a s e  Ca s e  - - Lower t i e r  he ld a t  $ 5 . 1 5 average 
nominal p r i c e  ( through May 1 9 7 9 ) ; 
upp e r  t i e r  p ri c e  ad j us te d  to give 
$ 7 . 6 6 compo s i te . 

S tage I I  Compo s i te p r ic e  e s c a l a t e s  1 0  p e r -
c e n t  per ye ar . 

A S ame r e l a t i ve p ri c e  i n c re a s e  fo r 
b o th t i e r s . 

B Lower t i e r  he l d a t  cons tant ave rage 
r e a l  p r i ce . 

c Lowe r ti e r  h e l d  a t  cons tan t ave rage 
nominal p r i c e . 

S tage I I I  - - Add i ti o n a l  incen t i ve for s p e c i a l  
s i tuations ( compo s i t e  c a n  i ncre a s e  
mo re than 1 0  percent p e r  y e a r  t o  
accommodate the s e )  . 

A T e r t i ary p roduc t i on g e t s  free 
marke t p ri c e . 

B To t a l  p ro duct ion f rom t e rt i a ry 
p ro j e c t s  g e t s  free mark e t  p r i c e . 

C Red e f ine " s tr i p p e rs " to i nclude 
deep o n s ho r e , p l u s  o f f s ho r e , we l l s . 

D Reduce C a l i fornia g ravity s chedu l e . 

S e l f 
exp lanatory 
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TABLE V I - 2  

O I L  P RO D UCT I ON B Y  N P C  :'.?E G I OtJ 
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TABLE VI - 3  

O I L  P RODUCT ION BY N P C  REGION 
FOR BASE CASE IN 1 9 7 9  

( THOUSAN D  BARRELS PER DAY ) 
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TABLE VI - 4  

O I L  P ROQUCT ION BY N P C  REG I ON 
FOR ALTE RNAT IVE I I  . A  ONLY 

IN 1 9 7 9  ( THOUSAND BARRELS PER DAY ) 
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TABLE VI - 5  

O I L  P RODUCT ION BY NPC REG I ON 
FOR ALTERNAT I VE I I . B  ONLY 

IN 1 9 7 9  ( THOUSAND BARRELS PER DAY ) 
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TABLE VI - 6  

O I L  P RODUCT I ON BY NPC REGION 
F OR ALTERNAT I VE I I . C ONLY 

IN 1 9 7 9  ( THOUSAN D  BARRELS PER DAY ) 

z p:: 
0 

µ::i 
µ::i 

� H :?:: 
.a:: E-< � � 
z u ::i C!l � 
0 µ::i E-< H 0 
H � H u 0-i 
E-1 z C.11 C.11 I 

z H H p:: 
µ::i z :?:: .a:: 
> � H ........... � 

z N � 
0 µ::i 0 i::.:l 
u E-< u u 

C.11 H 
� 

1 , 4 2 0  0 0 0 0 

1 2 0  0 0 0 0 

8 5 0  1 7 0  0 0 0 

1 6 0  0 0 0 0 

1 8 0  0 0 0 0 

5 4 0  0 0 0 0 

1 , 6 5 0  0 0 2 0  0 

2 , 9 3 0  0 1 0  1 0  0 

1 , 3 9 0  0 0 0 0 

5 6 0  0 0 0 0 

2 1 0  0 0 0 0 

1 0 0  0 0 0 0 

6 0  0 0 0 0 

1 0 , 1 7 0  1 7 0 1 0  3 0  0 

V I - 9  

� 
z 
H 
Cl 
0 
0 
� � 
µ.. .a:: 

E-1 
u 0 
H 8 
E-1 
en 
::i 
.a:: 
u 

d 1 , 4 2 0  

0 1 2 0 

0 1 , 0 2 0  

0 1 6 0  

0 1 8 0  

0 5 4 0  

0 1 , 6 7 0  

0 2 , 9 5 0  

0 1 , 3 9 0  

0 5 6 0  

0 2 1 0  

0 1 0 0  

0 6 0  

0 1 0 , 3 8 0  



NPC 
REG I ON 

North S l ope 

1 

2 

2 A  

3 

4 

5 

6 

6A 

7 

8 - 9 - 1 0  

1 1  

l lA 

N a t ional 

TABLE VI - 7  

O I L  PRODUCTI ON BY NPC REG I ON 

FOR ALTERNATI VE I I . A  AND I I I . A  
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O I L  P RODUCT I ON BY NPC REG I ON 
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OIL P RODUCTION BY NPC REGTON 
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O I L  P RODUCTI ON BY NPC REGION 
FOR ALTE RNAT IVE I I . A  AND I I I . C  

IN 1 9 7 9  ( THOUSAN D  BARRELS PER DAY ) 

z 0::: 
0 w 

i-4 H w � 
ic:i:: 8 i-4 ;>-i 
z u ::i a:i i-4 
0 w 8 H 0 
H /-".) H u 0... 
8 z Cl) Cl) I 
z H H 0::: 
� z � ic:i:: 
:> � H .......... i-4 
z N i-4 
0 w 0 � 
u 8 u u 

Cl) H 
� 

1 , 4 2 0 0 0 0 0 

1 2 0  0 0 0 0 

8 5 0 1 7 0  2 0  1 0  0 

1 6 0  0 0 0 0 

1 8 0  0 0 0 0 

5 4 0  0 0 0 0 

1 , 6 4 0 0 0 5 0  0 

2 , 9 3 0 0 2 0  3 0  0 

1 , 4 2 0  0 0 0 0 

5 6 0  0 0 0 0 

2 1 0  0 0 0 0 

1 0 0  0 0 0 0 

6 0  0 0 0 0 

1 0 , 1 9 0  1 7 0 4 0  9 0  0 

VI - 1 6  

c..'.J 
z H 
0 
0 
0 
i-4 i-4 
µ,.. ic:i:: 

8 
u 0 H 8 
8 
Cl) 
::i 
,.:::; 
u 

0 1 , 4 2 0  

0 1 2 0  

0 1 , 0 5 0  

0 1 6 0  

0 1 8 0  

0 5 4 0  

0 1 , 6 9 0  

0 2 , 9 8 0  

0 1 , 4 2 0  

0 5 6 0  

0 2 1 0 

0 1 0 0  

0 6 0  

0 1 0 , 4 9 0  



NPC 
REG I ON 

North S l ope 

1 

2 

2 A 

3 

4 

5 

6 

6 A  

7 

3 - 9 - 1 0  

1 1  

l L:\ 

�,1 a t.  i o n  a l  

TABLE VI - 1 4  

O I L  P RODUCT ION BY NPC RE GION 
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TABLE VI - 2 0  

DOME S T I C  O I L  P RODUCT I ON UND E R  VARI OUS P RI C ING 
ALTERNAT IVES , 1 97 9  AND 1 9 8 5  

( Mi l l i o n s  o f  Barre l s  P e r  Day ) 

C RUDE P RI C E  O P TI ON 1 97 5  1 97 9
1 

B a s e  C a s e  8 . 3 8 9 . 7 5 

S tage I IA 1 0 . 4 6 
I IB 1 0 . 4 7 
I IC 1 0 . 3 8 

S tage I IA ,  I I IA 1 0 . 5 3  
I IB , I I IA 1 0 . 4 7 
I IC , I I IA 1 0 . 6 3 

I IA ,  I I IB 1 0 . 4 7 
I IB ,  I I IB 1 0 . 4 0 
I I C , I I IB 1 0 . 5 8 

I IA ,  I I IC 1 0 . 4 9 
I IB ,  I I I C  1 0 . 5 0 
I I C , I I I C  1 0 . 4 0 

I IA ,  I I I D  1 0 . 4 8 
I IB I I I I D 1 0 . 4 9 
I IC ,  I I I D  1 0 . 4 0 

I I IA , C , D ,  I I C 1 0 . 6 7 

Decontr ol ( in 1 9  7 6 )  1 0 . 6 8 

1 
I n c l ud e  1 . 4 2 A l a s k an No rth S lope and 0 . 2 0 NPR- 1 . 
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B .  Price E f f e c t s  Upon Demand 

Th i s  s e c tion wi l l  fore c a s t  the demand for produc ts 
under the vari ous price options with the use  of an ab s t ract 
of the Pro j e c t  Independe nce Eva luation Sy s tems ( P I E S ) mode l 
o f  ene rgy demand . l 

1 .  The P IES Mode l 

The demand for petroleum produ c t s  i s  expre s s e d i n  the 
P I ES mode l by 

d 
whe re q . i s  the vo lume demand for product i l 

P .  i s  the price o f  product i l 

y i s  a measure o f  economi c activity , e i ther 
pers onal income s or va lue added in manu facturing 

N i s  the s i ze of the popu lation . 

The mode l has been e s t imated for the four ma j o r products  - 
gas o l ine , keros ine and j e t fuel , di s ti l late and res idual - 
o n  a time - s e r i e s  ba s i s , with breakdowns f o r  the principal 
s e c tors o f  the economy and the nine Census Re gions . 2 Some 
important con s traints are impo s ed upon the p arame ters B 
and y ,  r e s pe c tively the price and income e l as t i c i t i e s  o f  
demand . The income e l a s t i c i ty o f  demand y i s  cons trained to 
e qu a l i ty for a l l  fue l s  in each s ector . The e f f e c ts o f  the 
prices  of o ther fue l s  upon the demand for a spec i f i c  p roduct 
are cons trained to zero . F i n a l ly , the pub l i shed de ta i l s  do 
not permi t any variat ion in the e l a s t i c i t ies by region . 

1
u . s .  Federal Ene rgy Adminis tration , National En e rgy 

Outlook ( 1 9 7 6 ) , Appendix C .  

( 1 )  

2
For the indus tri a l  sector , t�e demand and ac ti vi ty 

var iab les  are me asured in ab s o lute , rather than per capita , 
value s . I n  the tran s portation s e c tor , the demand for ga s o 
l ine i s  mode l led i n  a mul t i - equation mode l ,  the reduc e d  form 
o f  wh ich is  equ iva lent to ( 1 ) . The demands for mi s c e l l aneous 
p roducts are mode l l ed s eparate l y , u s ua l ly as s imp le trends . 
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For purpo s e s  o f  extrapo l a tion , the demand model ( 1 )  
y ie l d s  the l inear approximat ion 

-er 
q . l 

.6 P . 6 :::: B ( i ) + ( _I) + i � Y x· l 

Li.N 
( 1 -y ) ( -) 

N 
( 2 )  

according to wh ich the proportiona l c hange in demand for the 
produc t is expre s s ed as a l inear func t ion o f  the propo r 
t ional changes  in price s , income ( or outpu t )  and popul a tion , 
the coe f f ic ients  in each c a s e  being the appro p r i a te e l a s t ic i 
t i e s  o f  demaud . 3 

The value s o f  the independent var i a b l e s  in 1 9 7 9 and 
1 9 8 5  are der ived f rom ana l y s i s  o f  regulatory options in the 
case of p r i c e s  and from the ORI  pred i c t ions for personal 
income s , manu fac turing output and populat ion . 4 

2 .  The Determination o f  P roduc t P r ic e s  

G iven t h e  c a l c ula ted a l terat ions i n  the average p r i c e  
o f  t h e  c rude in take under the var ious po l icy o p t ions ( s ee 
Chapter I I I )  , the r e s u l t ing change s in produc t p r i c e s  mus t 
b e  determined in order to b e  fed into the demand mode l . 

An i n i t i a l  s imp l i f icat ion i s  in order . The var ious 
S tage II  and I I I  a l ternative price po l i c i e s  will b e  s hown 
to invo lve sma l l  d i f ference s  in produc t pr i c e s  ( o f  the order 
of 0 . 4  percent or l e s s )  and even sma l ler d i f ferenc e s  in 
demand ( le s s  than 0 . 2  percent ) . Cons equently , only two 
S tage I I  and I I I  p r i c e  po l i c i e s , a low one and a h i gh one , 
wi l l  b e  an a lyzed and compared to the B a s e  C a s e  and decontro l 
po l ic ie s . The f i r s t o f  the s e  invo lve s  an average dome s tic 
crude p r i c e  of  $ 8 . 7 7 in 1 9 7 9  ( in 1 9 7 5 do l l ar s ) ;  it  repr e s en t s  
t h e  f ive low p r i c e  options among the panop ly o f  a l ternat i ve s  

3
The approx ima tion n e g l ec t s  terms o f  the order o f  

( t P/P ) 2 , ( .6Y/Y ) 2 , ( .6N/N ) 2 and above . For 1 9 7 9  predi c tion s , 
where a l l  vari ab les  grow by a factor o f  0 . 1 5 or l e s s , no 
s igni f icant inac c uracy is invo lved . 

4 U . S . F ederal Energy Adm i n i s trat ion , 1 9 7 6  National Energy 
Out look , pp . B - 1 6 , C - 2 1 , C - 2 2 . 
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under Stages I I  and I I I .
5 

The high price options invo lve a 
s l ightly ( 2 . 3  percent ) higher average price for dome s ti c  
crude i n  1 9 7 9  - - $ 8 . 9 7 ,  again i n  cons tant 1 9 7 5  do l l ars . 6 

Increases in the price o f  c rude o i l  a f fe c t  the p r i c e s  
o f  r e f ined products in two way s . I n  the f i r s t p l ac e , the 
price at whi ch r e f iners are w i l l ing to s upply spec i f ic 
quant i t i e s  of the product is  ra i s ed . Then , to the extent 
that compe t i tive factors are pre s ent on the s e l l er s ' s ide o f  
the s e  marke ts , the actual market price changes b y  a d i f ferent 
proport ion for d i f ferent produc t s , depend i ng on the re spon s ive
ness of the demand for and the supp ly of tha t produc t to 
change s  in its price a s  the mark e t  seeks a new equ i l ibr ium . 

I t  wi ll be a s s umed that gro s s  margins in the s tage s o f  
the o i l  indu s try down s tream f rom the produc tion o f  crude 
w i l l  change in the s ame proportion a s  the predicted changes 
in c o s t s  in the s e  subs equen t s tages of  the indus try . 7 The 
shares of pro f its  in the revenues of the transportat ion , 
r e f ining , who l e s a l e  and retai l s e c tors are a s s umed to remain 
constant at the i r  1 9 6 5  leve l s , at l e a s t  as far as initial 
supp ly prices  are conc erned . 

The increases  in the prices  o f  the total crude intake 
a t  U . S .  r e f ineries  and the ensuing expec ted incre a s e s  in the 
s upply p r i c e s  of product s  at the who l e s al e  and reta i l  levels 
are reported in Table VI - 2 1 . The c a l cu l ation o f  the averag e  
price o f  crude intake i s  b a s e d  upon 1 9 7 9 importation rates 
of 3 8 . 5  percent of crude requirements in the Base C a s e 
option and 3 4 . 0  and 3 4 . 5  percent in the two bas ic S t age I I  
and I I I  op tions . The s e  values were arr ived at by i teration 

5The options repres ented are ( I IA ) , ( I I C ) , ( I IA , I I IA ) , 
( I IC ,  I I IA )  and ( I I C , I I IB ) , with dome s t i c  compos ite crude 

p r i c e s  ranging betwe en $ 8 . 7 6 and $ 8 . 7 9 bbl . The ir average , 
$ 8 . 7 7 ,  wi l l  be deno ted as the '' Low I I  & I I I " price . 

6
Thes e  four options are ( I IA , I I IB ) , ( I IA , I I ID ) , ( I I B , 

I I I D )  and ( I I C , I I I D ) , w i th dome s t i c  crude prices  l y ing in 
the range $ 8 . 9 4 to $ 8 . 9 9 .  The average , $ 8 . 9 7 ,  wil l be 
re ferred to as the " H igh I I  & I I I "  pr ice . 

7
P redic tions o f  product c o s t s  for 1 9 7 5 ,  1 9 7 9  and 1 9 8 5  

der ive from U . S .  Federal Energy Admi n i s tration , O f f i c e  o f  
T rans portat ion Programs , Pric ing D i s tortions o f  P e tro leum 
Produc t s , Cons ervation P ape r , November 3 1 , 1 9 7 5 , Table 1 2 ,  

? �  p .  - I • 
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( 1 ) 

TABLE V I- 2 1 

PRICES OF REF INERY I MPORTS AND 
PRODUCT SUPPLY P R I CE S  

( $  1 9 7 5/bbl . )  

( 2 )  ( 3 )  ( 4 )  

COMPOS I T IONS PRICE OF SHARE 
( 5 )  ( 6 )  

P RICE OF SUPPLY PRICES OF PRODUCTS 
YEAR AND OP'rION OF NATURAL OF REF I N ERY 

DOMESTIC CRUDE GAS LIQUIDS IMPOR'l'S INTAKE WHOLESALE R1'TAI L  

-------

1 9 7 5  Con t ro l  $ 7 . 6 6 $ 7 . 8 3  3 6 . 4 %  $ 9 . 4 7  $ 1 4 . 7 7 $ 1 8 . 6 2  

1 9 7 9  Base Case 6 . 8 4 7 . 8 3 3 8 . 5  9 . 1 2 1 4 . 6 7 1 8 . 2 0 

1 9 7 9  Low I I  ' I I I  8 . 7 7 7 . 8 3  34 . 5 1 0 . 0 3  1 5 . 5 8 1 9 . 1 2 

1 9 7 9  l l i 9 h  I I  & I I I  8 . 9 7 7 . 8 3  34 . 0 1 0 . 1 3 1 5 . 6 8 1 9 . 2 1 

1 9 7 9  Immed i a te 1 3 . 1 3 1 0 .  30 3 1 . 0  1 2 . 8 5  1 8 . 4 0 2 1 . 9 3  
Decon t ro l  

1 9 8 5  A l l  Ca ses 1 3 . 1 3 1 0 . 3 0  3 7  . o 1 2 . 8 5  1 8 . 4 0 2 1 . 9 3  

1 A s sumes decon t ro l  o f  NGL prices on l y  i f  c rude p r i c e s  a r e  decon t ro l led : determi n a t ion of decon trol 
pr i ces o f  NGLs is based upon the a s sump t ion o f  a conunon p r i ce p�r Btu with crude o i l . P r ices o f  NGLs based 
upon averages in l a s t  two qua r t e rs o f  1 9 7 5 .  

2Assumes ( i }  con s tant s h a r e s  for imported produc ts i n  tot a l  pe t ro l eum s u pp l i e s ;  ( i i )  con s ta n t  wor ld o i l  
p r i ce s ,  ( i i i )  con s t a n t  s h a re s  for NGLs i n  re f in e r y  i n pu t s . 

Source s : ( 2 )  FEA , /\ P I  ve rbal i n forma t ion conc e r n i n g  p r i c e s  and vo l umes of t hree NGL i n p u t s  to re f i n
e r i e s  i n  1 9 7 5 .  

( 3 ) U . S .  Bureau of M i ne s ,  " S u p p l y  and Demand of A l l  O i l s , "  Ap r i l  1 9 76 . 

( 4 ) , ( 5 }  As sumes re a l  g r o s s  ma r g i n s  down s t ream from prod u c t i on o f  $ 5 . 2 9 ,  $ 5 . 5 5 and $ 5 . 4 1 for 
wholesa l e  produc t s  i n  1 9 7 5 ,  1 97 9  and 1 9 8 5 , r e s pe c t i ve l y ;  afid $ 9 . 1 5 ,  $ 9 . 0 & and $ 8 . 8 4 for r e t a i led produc t s . 



o f  the who le procedu r e  and are w i th i n  0 . 3  perc entage points 

o f  the predicted ratio o f  importation ( Tabl e  V I - 2 7 , below )  
That i s , once the dome s t i c  compo s i te p r i c e  i s  d eterm i ned , 
the level o f  imports i s  gue s s ed , the overa l l  compo s i te i s  
computed , demand i s  c a l culated and the di f ference b e tween 
demand and dome s t i c  produc t i on is compared to the gue s s . 
Thi s proc edure i s  repeated unt i l  the gue s s  and c a l culat ion 
c lo s e l y  corre spond on imports . 

Supply P r i c e s and Ma rket P r i c e s  

I t  has  been a s s umed that overa l l  produc t s upply p r i c e s  
wi ll be incre a s ed when crud e  p r i c e s  r i s e , but i n  a l e s s er 
proportion , acc ording to the s i z e  o f  the down s tream gro s s  
marg in s . The actual incre a s e s  i n  the marke t  p r i c e s  o f  
part i cular product s  rema i n  to be determined . I t  i s  shown 
in Append ix B tha t , i f  product s upp ly p r i c e s  incre a s e  by a 
f ac to r  u ,  the actual market p r i c e s  o f  spec i f ic products w i l l  
increase b y  the factor 

A. .  l 
= lJ 8 

8 - B . ( l+µ ) · 1  

according to a s imp l e  l i near mod e l  o f  a comp e t i t ive market , 
w i th S and 6 be ing re spectively the p r i c e  e l a s t i c i t i e s  o f  
the demand f o r  and the supp ly o f  the produc t .  The imp l icat ion 
is that , for a g iven proport ional incr e a s e  µ in s upply p r i c e s , 
the actua l incre a s e  in mark et prices  cannot exc eed the 
facto r  µ ;  i t  w i l l  fal l s hort of µ i f  demand i s  at a l l  sens i t ive 
to p r i c e  ( [ S i > O ) or i f  c hange s  in p r i c e  are required for 
supply to be a l tered ( 6 is f i n i te ) . Produc t s  who s e  d emand 
is r e l atively i n s en s i t ive to p r i c e , s uc h  as ga s o l ine , 8 wi l l  
rece ive the h i gher than average increa s e  i n  market p r i c e s  - -
a phenomenon c l early r e f l ec ted i n  the e x i s ting p r i c e  s truc ture 
for petroleum produc t s . 

Concern ing the p r i c e  e la s t i c i ty o f  s upp ly , i t  i s  c le ar 
from the produc tion e s t imates  that a low va lue ( o � 0 . 1 8 )  i s  
imp l i c i t  i n  the s lugg i s h  short-run r e s ponse o f  dome s t i c  
produc tion t o  t h e  i nc r e a s e s  contemp lated i n  dome s t i c  o i l  
prices  unde r  the decontrol po l ic y  ( T ab l e  VI - 2 0 )  . S uch a low 
supp ly e l a s t i c i ty imp l i e s  that the inc r e a s e s  in market 
prices  ( A )  w i l l  be much l e s s  than the incre a s e s  in s upply 

8
Energy Re sourc e s  Company I nc . , The E l a s t i c i ty o f  Deman� 

for Ga s o l ine , Fina l Report , for the Federal Ene rgy Admin i s 
tration , 1 9 i5 . 

V I - 2 3  



pr i c e s  ( µ ) . G iv e n  the l imi t s  to c ompe t i t i on i n  the o i l  
i n d u s t r y , i t  i s  mo r e  p l a u s ib l e  t o  a s s ume t h a t  s e l l e r s  wou ld 
be b o t h  w i l l i n g  a n d  a b l e  to a c c e p t  add i t i o n a l  l o s s e s  o f  
vo l ume i n  o r d e r  t o  l e s s e n  the c u t s  i n  p r i c e s  t h a t  wo u ld 
o t h e rw i s e  a r i s e  whe n f a c e d  w i th a s i tu a t i o n  o f  e x c e s s  s upp l y  
a t  t h e  new s up p l y  p r i c e s . A v a l ue o f  u n i ty w i l l  t e n t a t i v e l y  
be app l i ed to o f o r  c on d i t i o n s  o f  e x c e s s  s up p l y , r e c o gn i z i n g  
t h a t  the v a l u e  f o r  s i tu a t i on s  o f  e x c e s s  demand i s  much 
c l o s e r  t o  z e r o  ( s e e  Appe n d i x  B) . 

The e l a s t i c i t i e s  o f  demand f o r  the f o ur pr i n c i p a l  
p r o d uc t s , a c c o u n t i n g  f o r  f o ur - f i f t h s  o f  s a l e s  by vo l ume , a r e  
tho s e  e s t im a t e d  b y  t h e  P IES  demand mode l  ( Ta b l e  VI - 2 2 ) . 
They r ep r e s e n t  l o ng -r un v a l ue s and a r e  appro p r i a t e  for th i s  
a n a l y s i s  o n l y  o n  the a s s ump t i o n  t h a t  the 1 9 7 9  a n d  1 9 8 5  
p r i c e s  u nd e r  c o n s i d e r a t i o n  a r e  f i rm l y  e s t ab l i s h e d  i n  the 
expe c ta t i o n s  o f  buye r s  and s e l l e r s  a t  l e a s t  thr e e  ye a r s  i n  
advanc e . G i ven the po l i t i c a l  s i t u a t i o n , s u c h  a n  a s s ump t i o n  
i s  undoub t e d l y  e x t r eme a n d  l ower e l a s t i c i t i e s  ( ab s o l ut e  va l ue s  
c l o s e r  to z e ro ) wou l d  p r ove mo r e  appropr i a t e . F u r t h e rmo r e , 
i n  the c a s e  o f  g a s o l in e  a t  l e a s t , the u s e  o f  a t i me - s e r i e s  
mo de l cove r i n g  s o l e l y  the y e a r s  1 9 6 0  t o  1 9 7 2  fo r the e s t im a 
t i o n c f  d e m a n d  p a r ame t e r s  i n  the P I E S  mod e l  wi l l  r e s u l t  i n  
o ve r e s t im a t i o n  o f  demand e l a s t i c i t i e s . 9 F o r  the s e  two 
r e a s o n s , the a c t u a l  c h a n g e s  i n  demand i nd u c e d  by r e g u l a t o ry 
p r i c e  po l i c y  c a n  be e xp e c t e d  to b e  even sma l l e r  than the 
mod e s t  va l u e s  to b e  e s t im a t e d  i n  the s uc c e e d i ng s e c t i o n . 

The a n t i c i p a t e d  i n c r e a s e s  i n  marke t p r i c e s  f o r  the f o u r  
p r i n c i p a l  p r o du c t s  a r e  pr e s e n t e d  i n  T ab l e  VI - 2 3 . I t  i s  
a s s umed f o r  s impl i c i ty t h a t  f i n a l  u s e r  p u r ch a s e s  o c c u r  fo r 
g a s o l i n e  who l l y a t  the r e ta i l  ( s e r v i c e  s t a t i o n )  s t a g e , and 
f o r  the o t h e r  p r o duc t s  e n t i r e l y  a t  the who l e s a l e  ( t ank 
wa g o n ) s t age . A c o n s t a n t  r e a l  t ax of $ 4 . 9 4 p e r  b a r r e l  i s  
a s s umed t o  a p p l y  i nde f in i t e l y  t o  a l l  s a l e s  o f  g a s o l i n e ; l O 

no o th e r  e xc i s e  t a x e s  a r e  c o n s i d e r e d . 

A l t ho u g h  t h e  demand f o r  g a s o l i n e  i s  the l e a s t  p r i c e  
e l a s t i c  o f  a l l , the p r e d i c t e d  p r i c e  i n c r e a s e s  f o r  th i s  
p r o d u c t  a r e  marke d l y  l e s s  than fo r the o t h e r  p r o d u c t s ,  
r e f l e c t in g  the e f f e c t s  o f  the un i que l y  l a rge re t a i l  mar g i n  
o f , a n d  the exc i s e  t ax upo n , g a s o l i n e . The gen e r a l  exp e c 
t a t i on i s  t h a t  the propo r t i o n a l  i n c r e a s e s  i n  mar k e t  p r i c e s  
w i : l  b e  o n e - ha l f  o r  l e s s  tha t i n  the i n t a k e  p r i c e  o f  c r ud e . 

9 
E n e rgy Re s ou r c e s , E l a s t i c i ty o f  Demand f o r  Ga s o l i ne , 

3 0 - 3 2 . 

I O
N t '  ' 1 l a i o n a .L P e t r o  __ e •.Jm News , F a c tbook I s s u e , p .  8 3 . 
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TABLE VI - 2 2  

PRICE E_L_J?._�J_I_QTIES O F  LONG RUN DEMAND ( f3 · ) F O R  PETROLEUM P RODUCTS ( P IES MODEL ) 

( 1 )  ( 2 ) 

RES I DENT IAL/ I NDUSTRIAL 
COMMERC I AL UT I L I T I ES 

Ga sol i ne - -

Kero s i ne & - 1 .  0 8 4  - . 7 5 4  Jet Fuel  

D i s t i l la t e  - . 9 4 2  - . 4 3 9  

Re s i dual - . 6 3 9  - . 4 3 9  

1 . 
-Median va lue for three sub- s ector s . 

( 3 )  

TRANSPORTATI ON 

- . 4 8 0  

- . 2 4 5  

( - . 4 7 5 ) 1 

( - . 5 0 0 )
2 

2
A s s umed , i n the abse nce o f  publ i shed in format io n . 

( 4 )  

ALL SECTO RS 

- . 4 8 0  

- . 3 6 7  

- . 6 9 5  

- . 4 8 3  

Source : U . S . F ederal Ene rgy Admin i s t rat ion , 1 9 7 6  Nat iona l Ene rgy Out look , 
pp . C- 7 , C- 1 7 ; aggregate va lue s i n ( 4 ) ba s ed upon vo lume we ight s der ived f rom 
Tabl e C- 1 ,  p .  C- 2 .  
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TABLE V I - 2 3  

ANT I C I PATED INCREASES I N  MARKET P RICES FOR P RODUCTS
1 

( I n Perce n t )  

KEROS INE & 
YEl\.R AND OPTI ON GAS OLINE JET FUEL D I STILLATE 

1 9 7 9  Ba s e  Ca se - 1 . 5 4 % - 0 . 5 0 %  - 0 . 4 0 %  

1 9 7 9  Low I I  & I I I  l .  7 7  3 . 9 7 3 . 1 8 

1 9 7 9  H i g h  I I  & I I I  2 . 1 3 4 . 4 5 3 . 5 5 

1 9 7 9  Immed i a te 1 1 . 3 6  1 6 . 8 8 1 3 . 1 8 
Decon trol 

1 9 8 5  Al l Ca s e s  1 0 . 5 5  1 6 . 2 6 1 2 . 7 2 

1
1 9 7 5  Pr i c e s  a s  Ba s e . 

RES ID UAL 

- 0 . 4 6 %  

3 . 6 5 

4 . 0 8 

1 5 . 5 8 

1 4 . 8 0 



Even under comp lete decontro l , no produc t price i s  pred i c ted 
to incre a s e  by more than 17  percent over 1 9 7 5  leve l s . 

3 .  The Predic t ion o f  D emand 

The e s t imated changes in income s , output and pr ices , 
we ighted by the r e l evant demand e l a s t i c i t i e s , comb in e  to 
pred i c t  the growth in produc t demand , as ind i c a ted by 
expre s s ion ( 2 ) . I t  i s  a s s umed tha t uni form price changes 
are required for each broad produc t ; keros ine and j e t fue l 
are treated as fungible produc ts for analytica l convenienc e . 
Moreover , the demand for mi s c e l l aneous produc t s , wh ich i s  
pred i c ted with a mu l t i p l i c i ty o f  s eparate s imp le methods in 
the P IES mode l , is a s s umed to grow in proportion to the 
compo s i te demand for the four princ ipal produc t s . The 
e f f e c t s  of the decontrol are e s t imated on the a s s umpt ions 
that , f ir s tly , decontrol o f  natural ga s prices  would accompany 
tha t of c rude o i l  and , s econdly , that the unregulated pr i c e  
o f  natural ga s  liquids would b e  s e t  b y  a common p r i c e  per 
caloric content compared to crude o i l . 

The pred i c tions o f  demand under the d i f ferent price 
a l ternative s are dominated by the pr i c e  and income e f fe c t s  
f o r  1 9 7 9 . Population e f fec ts a r e  inc luded , b u t  the ir impac t 
i s  negligible g iven the sma l l ne s s  o f  both the e l a s t i c i ty 
and actual population growth . 1 1  Predic ted demand growth 
fac tors , broken down by product and s e c tor , are d i sp layed in 
Tab l e  VI - 2 4 . The ful l range of pr i c e  option s , from the 
dec l ining real  dome s t i c  pr i c e  of the B a s e  C a s e  to comp l e te 
decontro l , results  i n  a maxima l 7 percent range in the 
change o f  demand for produc ts between 1 9 7 5  and 1 9 7 9  - 
bas ically , 9 percent overall growth under decontro l a s  
aga i n s t  1 6  percent growth under a po l i cy o f  pr i c e  reduc tion . 
Growth in the demand for gasol ine i s  af fected leas t by price 
po l icy , given both its  ine l a s t i c i ty and the unu sua l ly high 
d i s tr ibutional margin s , inc l uding exc i s e  taxe s , character i s t ic 
o f  that produc t . The various po l icy options under S tage I I  
and I I I  are seen to exert an ins ign i f icant in f luence upon 
the growth of demand . For no product doe s the higher price 

1 1  
h 1 

. 
d 1 . . 1 T e ong -run income , output an popu ation s i z e  e as -

t i c i t i e s  o f  demand are a s  fol lows : 

Re s idential/Commerc ial 
I ndu s t r i a l  
Tran spor ta tion 

PERSONAL INCOME 

1 . 1 3 4  

. 9 7 6  

VI - 3 2  

OUTPUT 

1 .  0 0  

POPULAT ION 
S I Z E 

- . 1 3 4  
0 .  0 

. 0 2 4  
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YEAR AND OPT I ON 

1 9 7 9  Base C a s e  

1 9 7 9  Low I I  & I I I  

1 9 7 9  High I I  & I I I  

1 9 7 9  Immed iate 
Decontrol 

1 9 8 5  A l l  C a s e s  
2 

TABLE VI - 2 4  

PERCENTAGE CHANGES I N  DEMAND FOR PETROLEUM P RODUCTS , 
BY PRODUCT , 1 9 7 9  AND 1 9 8 5  

GASOL I NE 

1 6 . 6  

1 5 . 0  

1 4 . 9  

1 0 . 4  

3 9 . 7  

I NC REASES IN DEMAND ( 1 9 7 5  BASE ) 

KE RO S I NE & 
JET FUEL 

1 5 . 9  

1 4 . 3  

1 4 . 1  

9 . 6  

3 8 . 5  

D I ST I LLATE 

1 6 . 0  

1 3 . 5  

1 3 . 3  

6 . 6  

3 5 . 6  

RE S IDUAL 

1 6 . 0  

1 4 . 0  

1 3 . 8  

8 . 2  

3 7 . 3  

ALL
1 

1 6 . 3  

1 4 . 4  

1 4 . 2  

9 . 1  

3 8 . 2  

1
Assume s that demand for mi s c e l l aneous produc ts grows in proport ion to demand for 

the four ma j or produc t s ; we ighted by s ha r e s  of demand in 1 9 7 5 ,  by vo lume . 

2
The 1 9 8 5  f igur e s  are dominated by the e conomic growth forec a s t  between 1 9 7 9  and 1 9 8 5 . 



option reduce the growth o f  demand by 1 9 7 9  by more than 0 . 2  
perc entage points . 

The e s t imate s  o f  vo lumes demanded , broken down by 
sector , are reported in Tab le VI -2 5 . The transportation 
s e c tor , with its large pric e - ine l a s t i c  demand for gasol ine , 
i s  l e s s  a f f e c ted by the var ious pr ice regulations than are 
the o ther sector s . Reg iona l breakdowns of g rowth factors 
are reported in Table VI - 2 6 . 1 2  

Given the e s t imates o f  dome s t i c  crude production at the 
various price level s ,  o i l  imports can be predic ted as the 
d i f f erence between the s e  demand e s t imate s and the product ion 
f igur e s  ( Table VI- 2 7 ) .  The al lowanc e of higher prices  fo r 
dome s t i c  crude o i l  doe s  indeed s erve to reduce the s hare o f  
imports , bo th b y  s timulat ing dome s t i c  produc t ion and r e s train
ing demand . At the s ame time , not even the great di f ferenc e s  
in price po l icy involved in the " Ba s e  C a s e " and " decontro l "  
al te rnat ive s s e rve to move the predi cted impor t  s hare out s id e  
the range 30  to 4 0  percent o f  demand in 1 9 7 9 . Comp l e te de
contro l is  expected to restrict the s hare o f  imports to 3 0  
perc ent o f  demand in 1 9 7 9 ,  whi le ,  at the o ther ex treme , the 
Base C a s e  po l icy of price reduc tion impl i e s  no more than a 
3 9  percent rate o f  importation in that year . 

The contr a s t s  between the var ious price options env i s aged 
unde r Stages I I  and I I I  ru lemaking are a mini ature ver s ion o f  
the contra s t  between tne Base C a s e  and decontrol po l ic ie s . 
Given the continuation o f  at l e a s t  a 3 0  perc ent ratio o f  
importat ion u�der any option , the d i f f erenc e s  betwe en the 
high and low pr ice options under S tages I I  and I I I  are of a 
stric tly s econdary orde r o f  magn itude , o f fer ing a reduc tion 
o f  only 1 . 4  percent in 1 9 7 9 imports . 

1 2N . l . h d f h . L ationa weig t s  are u s e  or t e aggregat ion acro s s  
produc t s  within each reg ion . 

UI - 3 4  
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'I'ABLE VI - 2 5 

P lillpI CTED DElffiND FOR PETROLE UM P RODUCTS BY S ECTOR , 1 9 7 9  AND 1 9 8 � 
( Thou s ands o f  B a r re l s  per Day ) 

YEI\H AND OPT I ON 

1 9 7 5  Ac tu a l  

1 9 7 9  Ba s e  C a s e 

1 9 7 9  Low I I  & I I I  

1 9 7 9  H i gh I I  & I I I  

1 9 7 9  Imme d i a t e  
Decon tro l 

1 9 8 5  Al l C a se s 

RES I DENTIAL/ 
COMMERC IAL 

2 , 9 5 2  

3 , 4 1 4 

3 , 3 1 7  

3 , 3 U 7  

3 , 0 4 2  

3 , 8 8 2  

I NDUSTRIAL TRANSPORTA'r I ON ALL 

4 , 5 2 '.J  8 , 7 1 4  1 6 , 2 9 1  

5 , 4 0 5  1 0 , 1 4 9  1 8 , 9 6 8  

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

5 , 3 1 6  9 , 9 9 8  1 8 , 6 2 1  

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

6 , 7 2 0  1 2 , 1 6 8  2 2 , 7 7 0  
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1 9 7 9  [� a s e  C <l se 

J. 9 7 '!  Low I.! & 1 I f  

} 9 7 9  l l i q l 1  I l  & J f I  

1 9 7 9  I mmed i a te l J c c o n t:ro l 

1 9 8 5  l\J l C u s e s  

- -- -· - - -- ···-----

'I'AB L E  V I - 2 6  

P RE D I CTED P ERC ENTAGE I N C REAS E S  RE LAT I V E  TO 1 9 7 5  
I N  THE DEMAND F O R  P E T ROLEUM P RODUCTS , 

BY RE G I ON , 1 9 7 9  AND 1 9 8 5  

NO H'l' l l  M l D - , F. . N .  W . N .  SOUTH E . S .  

El\S'f l\'l'J ,l\NT I C  C E NT!{l\L CENTHi\L l\ T Ll\N'l' I C CENTHl\L 

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

1 5 . 0  l 4 .  0 1 4 . 3  1 5 .  l 1 8 .  8 l 8  . 1  

l J .  9 12 .  9 1 2 . 5  1 3 . 2 1 6 . 9  l G . 2  

11 .  7 1 2 . 7  1 2  . .1 ] 1 .  0 1 6 . 7  lt i . 0 

8 .  5 7 . 5  7 .  l 7 .  8 l ] . 6 1 0 . 8  

3 0 . 0  2 7 . l  2 3 . 3  3 2 . 0  3 6 . 4  3 7 . 6  

w .. s � 
C E N 'I' Rl\ I ,  

1 7 . 3 

1 5 . 5  

1 5 . 3  

1 0 . l  

3 5 . 1  

MOUN -

'l'Jl. I N  l'l>C I F I C 

. ------ ----

1 7 .  0 lf) .  3 

1 5 . 2  1 4 . 4  

1 5 . 0  1 4 . 2 

9 . 8  9 . 1  

3 1.  0 J l . 9  
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1 9 7 9  

1 9 7 9  

1 9 7 9  

1 9 7 9  

1 9 8 5  

TAB L E  V I - 2 7  

P RE D I CT E D  P RO D U C T I ON , D E MAN D AN D I M P O RT S  
O F  ALL O I LS,- l-�f79 .AND 1 9  8 5 

( Mi
-
l l ion s o f  

-
B a rr e l s  Per D ay ) 

DOME S T I C  
C RU D E  D EMAND 

I MP ORT S HARES 
1 2 

O P T I ON PRODU C T I ON FOR P RODUCTS I MPORTS P RE D I C T E D  A S S UMED 

A c t u a l  9 . 9 9 1 6 . 2 9 6 . 3 0 

B a s e  C a s e  9 . 7 5 1 8 . 9 7 7 . 3 5 3 8 . 8 % 3 8 . 5  

Low I I  & I I I  1 0 . 4 2 1 8 . 6 5 6 . 3 9 3 4 . 3  3 4 . 5  

H igh I I  & I I I  1 0 . 4 8 1 8 . 6 2 6 . 3 0 3 3 . 9  3 4 . 0  

Immed i a te 
Decontrol 1 0 . 6 8 1 7 . 7 6 5 . 3 3 3 0 . 0  3 1 . 0  

A l l  C a s e s  1 2 . 2 1  2 2 . 7 7 8 . 6 1 3 6 . 5  3 7 . 0  

1
c rude o i l  and l e a s e  conden s a te . 

2
r nc l ud i n g  produc t s ; a s s ume s that i nput o f  NGL s rema i n s  a t  9 . 9  percent o f  

demand a nd i s  supp l i ed who l ly f rom dome s t i c  sourc e s . 





CHAPTER V I I  

ENVIRONMENTAL IMPACT ANALYS I S  
O F  ALTERNATI VE PRIC ING SCENARIOS 

In thi s chapter e s timate s of  the impacts of the several 
pr ic ing option alternatives are presented and di scus sed . 
The scale  for the di scus s ion i s regional and national in 
contras t  to the di scuss ion o f  potenti al  local i zed  impac ts  in 
Chapter I V .  D i ffe renc e s  in potential  impac t among the 
options  are pointed out as we l l  as di fferences relative to 
the present ( 1 9 7 5 )  s ituation and relative to the s i tuation 
that would  result  in 1 9 7 9 i f no action were taken (Base  
Cas e )  beyond the e s tab li shment of  a f ixed compo s ite and 
lower tier  price  in cons tant do l lar s . 

The Base  Case  represents  an a lternative to the S tage I I  
and Stage I I I  options  and i s di scus sed fully  in Chapter X 
below . I t  also  represents  the environment that wi l l  exi s t  in 1 9 7 9  wi thout further F ederal regul ation , a s s uming market  
forc e s  fol low current trends . The  1 9 7 5  l eve l s , because  oi l 
production and consumption are dynamic proc e s s e s  and change 
wi th time , are not a proper measure o f  the undi sturbed 
future environment , but are useful in a s s e s s ing potenti a l  
future impac t relative t o  the world  around u s  currently . 

The di f fe rential  impac ts o f  production are di scus s ed 
for each pr ic ing option . The overall  potenti al impact for 
the comb ined effects  of produc tion , convers ion , and consumpt ion i s di scus s ed in the framework of  a s ing l e  consumption scenario 
comb ining the e f fects  of  a l l  energy forms . A s ingl e  con
sumption scenario i s suff ic ient to indicate the overa l l  impac ts  o f  the pr ic ing options . �he analys i s o f  pr ice-induced demand chang e s  in the previous chapter indic ates  
that demand for  a l l  petro leum products  ( Tab le V I - 2 7 ) would 
vary l e s s  than 0 . 2  percent f rom the highe s t  pr iced options  
to the lower pric ed options , and would be only about 1 . 5  
percent l e s s  than the Bas e  Case . The methodo logy used to 
generate overal l consumption effects  i s insuf f ic iently 
sens itive to di s ti ngui sh be tween l eve l s  that close  toge the r . 
Regional di fferenc e s  ( Table  V I- 2 6 ) are ,  s imi lar ly , e s senti a l ly indi stingui shable  for a l l  options . 

The impacts di scus sed on an aggregated basi s are related 
to the local i zed  e f fects  di scus s ed earl ier in Chapter IV . 
The s e  inc lude : 

• Ai r qual i ty 

• Water consumption 
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• Water qual ity 

• Soc io economic factors  

• Other environmental e ffects , inc luding oi l s p i l l s  

Whe re prac tical  and r ea sonable ,  aggregated f i gure s  have been 
developed by applying emi s s ion factors to national and regional 
produc tion fi gure s . The results  are summari z ed at various 
points in the fo l lowi ng di scuss ion . 

The regions discus sed refer  to the IJPC Production �eg ions 
( se e  Fi gure V I - 1 , a l so referred to as petro leum provinces ) . 
The pric ing options are def ined in Chapter I I  and summari z ed in 
Table VI I - 1 . The tables  of res idual s  in thi s chapter are based 
on data represented in Appendix C .  

VI I - 2  



SHORTHAND 

Base Case 

S tage I I  

I IA 

I I B  

I IC 

S tage I I I  

I I IA 

I I IB  

I I IC 

I I I D 

TABLE VI I - 1 

SHORTHAND FOR PRIC ING ALTERNATIVES 

P RIC ING POLICY DESCRIPTION 

Base Case -- Lower tier  he ld at $ 5 . 1 5 average 
nominal  pr i ce ( through May 1 9 7 9 ) ; 
uppe r  tie r  price adj usted to give $ 7 . 6 6 compos i te . 

S tage I I  Compos i te price escalate s 1 0  per-
cent per ye ar . 

A S ame re lative price increase for 
both tiers . 

B Lowe r tier  he ld at cons tant average 
real price . 

c Lower tie r  held at cons tant ave rage 
nominal  price . 

S tage I I I - - Addi tiona l incentive for spec ia l  
s i tuations ( compos ite can increase  
more than 1 0  percent per  year to 
accommodate the s e )  . 

A Tertiary produc tion gets free 
market pri ce . 

B Total product ion from tertiary 
proj ec ts gets free marke t pr ice . 

C Rede fine " strippers " to include 
deep onshore , plus of fshore , we l l s . 

D Reduce Cal i fornia gravity s chedule . 
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A .  Environmental Impacts - 1 9 7 9  Pri c ing Options 

1 .  General Characteri stic s  

The production leve l s  expec ted under each o f  the a l ternate 
pric ing options , the 1 9 7 9  Base Case , and the current bas i s 
( 1 9 7 5 )  are g iven in Table  VII- 2 ( by region )  and Tab le  V I I - 3  
( by p roduction techno logy)  . The increase in to tal  production 
over the Base Case i s s hown in Tab le V I I - 2 . 

The e f fect o f  the various options on  overal l production 
i s much less  than the ir effect on the di stribut ion by techno logy 
or by reg ion . The absolute di fference in total product ion 
betwe en the mo st  effective option ( I IC - I I IA )  and the lowe s t  
( I IC )  i s o n l y  2 5 0 , 0 0 0  barre l s  p e r  day out of  a total o f  
about 1 0 , 5 0 0 , 0 0 0  barre l s  per day , a vari ation of  only about 
2 percent . 

Production by techno logy i s more affected by the cho ice 
of option . Tertiary approaches are mo st  emphas i z ed in 
combination s employing option I I IB , and somewhat les ser for 
option I I IA .  The total tert i ary production under option 
I I IB i s 5 2 0 , 0 0 0  barre l s  per day . Thi s level i s more than 
double the production under the lowe s t  terti ary ori ented 
options ( I IC , I IC- I I IC and I IC- I I ID ) . 

At the nationa l leve l , relative to the Base Case , 
di f ferences in total  product ion range between 6 . 5 percent 
and 9 . 0 percent , with the combined pric ing option of  I I C
I I IA giving the greate st  production . Carbon dioxide-mi sc ib le 
ga s proj ects range from 3 0 , 0 0 0  ( s ame as  Base Ca s e )  to 2 5 0 , 0 0 0  
barre l s  per day , and tho se associ ated with in-s i tu combus tion 
pro j ects range from 1 0 , 0 0 0  ( s ame as  Base Cas e )  to  6 0 , 0 0 0  
barrels  per day . Both fo l low nearly the s ame pattern wi th 
respect to the alternatives . The low estimates re sult  fro� 
the exerci se of  al ternatives I IC ,  I I C- I I IC , and I I C- I I ID . An 
increa se  to 9 0 , 0 0 0  barre ls  per day for co2 -mi sc ible  gas and 
4 0 , 0 0 0 barrels  per day for in-s i tu combus tion ari se from 
pol ic i es I IA ,  I IB ,  I IA- I I I C , I IB - I I IC ,  I IA- I I ID , and I IB
I I ID . An increase to 6 0 , 0 0 0  barrel s  per day in in-s i tu 
combus t ion production i s tied to the remaining al ternatives , 
whi le C0 2 -mi sc ib le gas reache s 1 9 0 , 0 0 0  barrels  per day unde r  
the three pol ic ies  as soc i ated wi th option I I IA ,  and 2 5 0 , 0 0 0  
barrels  per day for tho se under I I IB . 

Steam produc tion levels  re spond somewhat di ff erent ly . 
They range from 1 7 0 , 0 0 0  ( s ame as Base Case ) to 2 1 0 , 0 0 0  
barre l s  per day . All  o f  the highe st  produc tion fi gures are 
ti ed to options invo lving e ither I I IA or  I I I B , as was the 
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NORTH SLOPE 

2A 

3 

4 

0 

1 90 

6 7 0  

220 

1 40 

620 

5 2 , 050 

6 2 , 440 

6A 990 

7 7 30 

8-9- 1 0  220 

1 1  1 1 0  

TABLE VI I - 2  

REGI ONAL P RODUCT I ON LEVELS - - 1 9 7 9  CASES -
( thous and bbl/day ) 

1 97 9  
BASE l l A I I B  l l C I I A 
CASE l l A I I B  I I C I I  I A  l l l A l l l A I I I B  

l , 420 l , 420 1 , 420 l , 420 1 , 420 1 , 420 1 , 420 1 , 420 

1 20 1 20 1 20 1 20 1 20 1 20 1 20 1 20 

990 l , 050 l , 060 l , 020 l ,  1 1 0  l ,  l l  0 l ,  1 1 0  1 , 1 20 

90 1 60 1 60 1 60 1 60 1 60 1 60 1 60 

1 80 1 80 180 1 80 1 80 1 80 1 80 l BO 

4 7 0  5 4 0  540 540 540 540 540 540 

l , 660 1 , 690 1 , 690 1 , 670 1 , 750 l ,  750 1 , 750 1 , 780 

2 , 630 2 , 980 2 , 980 2 , 950 2 , 960 2 , 9 1 0  3 , 030 2 , 890 

1 , 350 1 , 390 l , 390 l , 390 1 , 380 1 , 380 1 , 390 1 , 370 

520 560 560 560 540 530 560 520 

1 60 2 1 0  2 1 0  2 1 0  2 1 0  2 1 0  2 1 0  2 1 0  

1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 

I I B  l l C l l A 
I I  I B  I I I B  I I I C  

l , 420 l , 420 l , 420 

1 20 1 20 1 20 

l , 1 20 l ,  1 20 1 , 050 

1 60 1 60 1 60 

1 80 180 1 80 

540 540 540 

l , 780 1 , 780 1 , 690 

2 , 830 2 , 970 2 , 980 

l , 360 1 , 380 1 , 420 

500 540 560 

2 1 0  2 1 0  2 1 0  

1 00 1 00 1 00 

1 1 8  
I l l C 

l , 420 

1 20 

1 , 060 

1 6 0  

1 80 

540 

1 , 690 

2 , 980 

l , 420 

560 

2 1 0  

1 00 

l l A __ _Q � � � � �  � -_§Q � � � � -� 
NAT I ONAL TOT AL 8 , 380 9 , 750 1 0 , 460 1 0 , 470 1 0 , 380 1 0 , 530 1 0 , 470 1 0 , 630 1 0 , 470 1 0 ,400 1 0 , 580 1 0 , 490 1 0 , 500 

PERCENT I NCREASE 7 . 3  7 . 4  6 . 5  8 . 0  7 . 4  9 . 0  7 . 4  6 . 7  8 . 5  7 . 6  7 . 7 
OVER 1 97 5  
BASE CASE 
----- --------

I I C  I I A I I B I IC 
l l l C 1 1 1 0 l l D  1 1 1 0 

1 , 420 1 , 420 1 , 420 l , 420 

1 20 1 20 1 20 1 20 

l , 020 1 , 070 l , 080 1 , 040 

1 60 1 60 1 60 1 60 

1 80 1 80 1 80 1 80 

540 540 540 540 

l , 670 l , 690 1 , 690 l , 670 

2 , 950 2 , 980 2 , 980 2 , 950 

1 , 420 l , 390 l , 390 1 , 390 

560 560 560 560 

2 1 0  2 1 0  2 1 0  21 0 

1 00 1 00 1 00 1 00  

� ______§.Q � �  
1 0 , 4 1 0  1 0 , 480 1 0 , 4 90 1 0 ,400 

6 . 8  7 . 5  7 . 6  6 . 7 
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TECHNOLOGY 1 9 7 5  
------ ·-·-··--------------

OFFSllORE 

ONSllORE 

SHAM I NJ E C T I O N  

I N - S I TU 

COMUUS T I ON 

CO
z

!M I SC l O L L  

M I C E L L AH-POL YMER 

TOTAL 

- ---- ---- ------ --··· 

1 , 400 

6 , 7 1 5  

1 80 

5 

80 

0 

8 , JAO 

'TABLE VI I - 3 

PRODUCTION LEVELS BY TECHNOLOGY - 1 9 7 9  CASES 

( thous and bbl/day ) 

1 9 7 9  
BASE ! IA I I B  ! I C ! I A I 18  l I C  ! IA 

CASE ! IA I I B  ! I C l l IA I I I A I I I A I I  1 8  I I  1 8  I I I B  l l I C 

1 , 620 l , 7 30 1 , 730 1 , 730 1 ,  720 1 ,  720 1 , 7 3 0  l ,  7 1 0  1 , 700 1 , 720 1 , 760 

7 . 92 0  8 , 430 8 , 43 0  8 , 44 0  8 , 350 8 , 290 8 , 44 0  8 , 240 8 ,  1 80 8 , 340 8 , 430 

1 70 1 70 1 80 1 7 0 2 1 0  2 1 0  2 1 0  2 1 0  2 1 0  2 1 0  1 70 

1 0  40 40 1 0  60 60 60 60 60 60 40 

30 90 90 3 0  1 90 1 90 1 90 250 250 2 5 0  90 

I I B  

I I I C 

1 , 760 

8 , 430 

1 80 

40 

90 

0 __ o __ o 0 0 __ _Q __ o __ o __ o __ o __ o __ o 

9 , 7 50 1 0 , 460 1 0 , 4 70 1 0 , 380 1 0 , 53 0  1 0 , 470 1 0 , 630 1 0 , 470 1 0 , 4 00 1 0 , 580 1 0 , 4 90 1 0 , 500 

! I C ! IA I I B  I I C  

l l I C I ! I D  I I D  I I I D  

1 , 760 1 , 7 30 1 , 7 30 1 , 730 

8 , 4 4 0  8 , 450 8 , 450 8 , 460 

1 70 1 7 0  1 80 1 70 

1 0  40 4 0  1 0  

3 0  9 0  90 30 

0 0 __ o 0 

1 0 , 4 1 0  1 0 , 480 1 0 , 4 90 1 0 , 4 00 



case  with i n-s i tu combustion . Of  the remaining options , 
tho se as soc i ated wi th I IB regi stered 1 8 0 , 0 0 0  barre l s  per 
day , and the rest  as soc iated wi th I IA and I I C were identical  
to  the Ba s e  Case . 

Oi l recovery in 1 9 7 9 from conventional on shore activitie s  
ranges  from 3 . 3  perc ent to 6 . 8 percent above the Base  Ca s e  
l eve l s . Tho se  in the range of  6 . 4  percent t o  6 . 8 percent 
are induced by a l l  of  the I I IC and I I ID options , the sol i tary 
I I  pol ic ie s  and the I IC- I I IA po l icy . The I I IB options c ause 
di f ference s of  3 . 3  percent to 5 . 3  percent , and the I IA- I I IA 
and I I B- I I IA po l ic ie s  yie ld greater leve l s  of 5 . 4  percent 
and 4 . 7 percent respectively . 

Off  shore di fferences a l so reg i ster a rathe r sma l l  
var i ation among a l ternative s ,  wi th a range o f  4 . 9  percent to 
8 . 6  percent . The s o litary case  I I  options and tho se invo lving 
I I I D produce a change of 6 . 8 percent , as does  option I IC
I I IA .  The  I I IC pol ic i e s  are re spons ib l e  for  the maximum 
di ff erence of  8 . 6  percent , and the remaining a lternatives  
produce changes of 4 . 9  percent to  6 . 2  percent . 

Regional di fference s , from option to option , are qui te 
sma l l , about 3 to 4 percent at mo st . The large di fferences  in output for  some of  the terti ary methods are  ma sked by  the 
predominant production by conventional methods in the three  
regions ( Regions 2 ,  5 ,  and 6 )  where  the advanced methods are  
l ikely  to  be employed . 

Growth of  tertiary pro j ects i s as sumed to occur i n the 
same regions where  the techniques are be ing used currently . 
No s ignif icant output f rom mic e l lar-po lymer techni ques  i s 
expec ted through 1 9 7 9 .  

Ste am in j ection pro j ects  are located entir e ly in Cal i forni a 
( Reg ion 2 ) , conf ined to c ertain areas o f  the s tate . Countie s  
containing the se  pro j ects  a r e  Kern , Fresno , Orange , S anta 
Barbara , and Monterey Counties . Tab le  IV- 9 l i sts the se  
pro j ects  in some detai l .  

The co 2-mi sc ib le gas  pro j ects of any consequence presently 
number l e s s  than 10 and fall  in Regions 5 and 6 .  The largest 
we re located in the Texas countie s  of S curry , Ander son , 
Henderson , and Crane . Smal ler deve lopments were found in 
Crane and Up ton Count ie s . The in- s itu c ombu s t i on pro j ects  
we re dominated by the instal  la.ticr;s i n  B o s  �; :_ e :i.. P a ::. i E> h , 
Louis iana ( Regi on 6 ) , with o ther mi nor producers  in Jasper 
County , Mi s s i s s ippi ( Re g i o �  6 )  a n d  i� Kern and Orange Counti e s , 
Cal i forni a ( Region 2 )  
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2 .  Air Qual ity 

E s tima tes o f  atmospheric emi s s ions for the pr icing 
options are di sp layed in  Tab l e s  V I I - 4  and V I I - 5  ( by reg ion ) 
and in Tab l e s  V I I - 6  through V I I - 1 0  ( by tec hnology and pol lutant 
spec ies ) .  

2 . 1  Particulate Emi s s ions 

Particulate emi s s ions ari se , under the a s s umptions 
employed in thi s s tudy , entirely from s team inj ec tion , due 
to the combus tion of fue l to generate heat . The several 
options empha s i z ing the s e  tertiary approache s produce ,  as  a 
direct consequence , the largest  parti cul ate emi s s ions . 
The se  are the s ix options invo lving e i ther the I I I B or I I I C  
option ( s ee  Tab le  V I I - 6 ) .  Emi s s ions in any o f  the maxima l 
options are 1 6 . 8 tons per day , about 2 5  percent larger than 
the smal l e s t  fi gure for the Base  Case  or several  of the 
lowe s t  output options ( I IA ,  I IC ,  etc . ) These  emi s sions  would 
oc cur entirely in Region 2 ( Cal i fornia ) . 

2 . 2  Ni trogen Oxide Emi s s ions 

The pattern for ni trogen oxides ( Table  V I I - 7 )  is e s s entially  identical  to that for particulate s , s ince , a s  above , s team 
i nj ection i s as sumed to be the only s i gn i f icant source of  
NOx on  an  aggregated bas i s . Other sources  o f  NOx inc lude 
compre s sors a s sociated with bo th in- s i tu combus tion and C0 2 -
rni scible  technique s . Produc tion by the s e  methods wi l l  not 
have ach ieved suffici ent l eve l s  by 1 9 7 9  to create regional 
prob lems . Locali zed  impac ts , as  di scus s ed earl ier  in Chapter 
IV , may ari s e  i n ·  the vic inity of  large , centra l i z ed fac i l it ies . 

2 . 3  Sul fur Oxide Emi s s ions 

Sulfur oxides ( Table  V I I - 8 )  also  follow the same pattern 
as that for particulates  and ni trogen oxides . 

2 . 4  Hydrocarbon Emi s s ions 

Hydrocarbon emi s s ions ar ise  ma inly from both s team 
in j e c tion and in-s itu combustion production technique s .  
Emi s s ion s from other techno logies  are con s idered ins igni ficant  
in compari son . The l a rgest  emi s s ions are  as soc iated with 
the terti ary re covery maximi z ing options ( al l  comb inations 
of  I I �A o r  I I I B ) . In the se  ca s e s , the emi s s ions ( 7 9 . 6  
ton s/day ) are  more than four time s tho se ari s ing from the 
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TABLE VI I - 4 

REGION 2 ATMOS PHERIC EMI S S I ONS - 1 9 7 9 CAS ES 
( ton s/day ) 

1 97 9  
BASE I IA I I B  ! I C  ! I A I I B  ! I C ! I A 
CASE ! I A I I B  ! I C l l l A I l l A l l I A I I  I B  I I I B  I I I B  I I I C  

1 3 . 6  1 3 . 6  1 4 . 4  1 3 . 6  1 6 . 8  1 6 . 8  1 6 . 8  1 6 . 8  1 6 . 8  1 6 . 8  1 3 . 6  

8 2 . 3  82 . 3  87 . l 8 2 . 3  1 0 1 . 6  1 0 1 . 6  1 01 . 6  1 01 . 6  1 0 1 . 6  1 0 1 . 6  8 2 . 3  

1 85 . 3  1 85 . 3  1 96 . 2  1 8 5 . 3  2 28 . 9  2 28 . 9  2 28 . 9  228 . 9  2 28 . 9  228 . 9  1 85 . 3  

2 . 7  28. l 28 . 3  2 . 7  4 1 . 5 4 1 . 5 4 1 .  5 4 1 . 5 4 1 . 5 4 1 . 5 28 . l  

0 . 5  1 25 .  5 1 2 5 . 6  0 .  5 1 88 . 2  1 88 . 2  1 88 . 2  1 88 . 2  l 8B . 2  1 88 . 2  1 2 5 . 5  

TABLE VI I - 5  

REGION 6 ATMOS PHERIC EMI S S I ONS - 1 9 7 9 CASES 
( tons/day ) 

1 97 9  

BASE I IA I I B  ! I C I I A  I I B  ! I C ! I A 

CASE ! I A I I B  ! I C I I I A I l l A I I I A I I I B  I I I B I I I B  I I I C  

I I B  ! I C  ! I A 

I I I C I I I C I I I D  

1 4 . 4  1 3 . 6  1 3 . 6  

8 7 . l  8 2 . 3  82 . 3  

1 96 .  2 1 8 5 . 3  1 85 . 3  

28 . 3  2 . 7  2 8 .  l 

1 25 . 6  0 .  5 1 25 . 5  

I I B  ! I C I I A  

I I I C  I I I C  I I I D 

38 . l 38 . l 38 . l 38 . l 38 . l 2 5 . 4  25 . 4  1 2 .  7 2 5 . 4  

I I B  ! I C 
I I D  I I I D  

1 4 . 4  1 3 . 6  

87 . l 82 . 3  

1 96 .  2 1 8 5 . 3  

28 . 3  2 . 7  

1 25 . 6  0 . 5 

I I B  ! I C 

I I D  I I I D 

25 . 4  1 2 . 7  HYDROCARBONS 6 . 4  1 2 .  7 2 5 . 4  2 5 . 4  1 2 .  7 38. l 

1 37 . 5  1 8 7 . 5  1 8 7 . 5  1 8 7 . 5  1 2 5 . 0  1 2 5 . 0  6 2 . 5  1 2 5 . 0  1 2 5 . 0  62 . 5  co 3 1 . 3 62 . 5  1 2 5 . 0  1 2 5 . 0  62 . 5  1 87 . 5  1 87 . 5  

-- ------ · 
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TABLE VI I - 6  

ATMOS PHERIC PARTI CULATE EMI S S IONS BY TECHNOLOGY - 1 9 7 9  OPTI ONS 

HCHNOLOGY 

1 979 
BASE 

1 97 5  CASE l lA l l B  l lC 

( ton s /d ay )  _______________ _ 

l lA 
I I  IA  

l l B I I C  
l l lA I I  IA  

l lA 
I I  1 B  

l l B  
1 1  I B  

l lC 
l l l B 

l l A 
l l l C 

l lB 
I I  I C  

l l C  
I I  I C  

l lA 
1 1 10 

l l B 
1 1 0 

l l C  
1 1 10 

��----:-----�--------------------------------� 
STEAM I NJECT I ON

l 
1 4 . 4  1 3 . 6  1 3 . 6  1 4 . 4  1 3 . 6  1 6 . 8  1 6 . 8  1 6 . 8  

TABLE VI I -7 

1 6 . 8  1 6 . 8  1 6 . 8  1 3 . 6  1 4 . 0  1 3 . 6  1 3 . 6  1 4 . 4  1 3 . 6  

ATMOSPHERIC N O  EMI S S ION S  BY TECHNOLOGY - 1 9 7 9  OPTIONS . x 

1 97 9  
BASE 

TECHNOLOGY 1 975 CASE I IA I IB  

STEAM I NJECTION
l 

87 . l 82 . 3  82 . 3  87 . l  

( tons /day ) 

l lA 1 18 l lC l lA 1 18 l lC l lA 1 1 8  l lC l lA 1 1 8 l lC 
l lC l l lA l l lA l l lA 1 1 1 8 1 1 1 8 1 1 18 l l lC l l lC l l l C  1 1 10 1 1 0 1 1 10 

82 . 3  1 01 . 6  1 01 . 6 1 0 1 . 6  1 01 . 6  1 0 1 . 6  1 01 . 6  82 . 3  87 . l  82 . 3  82 . 3  87 . l  82 . 3  

1
Emi s s ions f r om other technolog i e s  are a s sumed to b e  z er o . 
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TECllNOLOGY 

TABLE VI I - 8  

ATMOSPHERIC S O  EMI S S IONS B Y  TECHNOLOGY - 1 9 7 9  OPTIONS ������� x ���-,--��__,.-�-,-����������� 

1 97 5  

1 97 9  
BASE 
CASE I I A I I B  l l C 

( ton s /day ) 

I I A 
I I IA 

I 1 8  
I I I A 

l l C 
I I I A  

I I A 
1 1  I B  

J I B  
I I I B 

l l C 
1 1 1 8 

I I A 
I I I C 

J I B  
I I I C  

l l C 
l l l C 

l l A 
I I  I D  

J I B  
I I O  

l l C 
1 1  I D  

S TEAM I NJECT I O N  l 1 96 . 2  1 8 5 . 3  1 8 5 . 3  1 96 . 2  1 85 . 3  228 . 9  2 28 . 9  228 . 9  2 28 . 9  2 28 . 9  2 28 . 9  1 85 . 3  1 96 . 2  1 8 5 . 3  1 85 . 3  1 96 . 2  1 85 . 3  
-·-----· 

TABLE VI I - 9  

ATMOSPHERIC HYDROCARBONS EMI S S I ON S  BY TECHNOLOGY - 1 9 7 9  OPTIONS ·-
( ton s /day ) 

1 97 9  
BASE I I A  1 1 8 I I C l l A I I B l l C I I A J I B  l l C  I I A I I B l l C 

TECHNOLOGY 1 97 5  CASE I I A I I B  l lC I I I A I l l A I I I A I I I B  1 1 1 8 1 1 1 8 I I I C I I I C I I  IC I I  ID I IO I 1 10 

STEAM I NJ E CT ION 2 . 9  2 . 7  2 . 7  2 . 9  2 . 7  3 . 4  3 . 4  3 . 4  3 . 4  3 . 4  3 . 4  2 . 7  2 . 9  2 . 7  2 . 7  2 . 9  2 . 7  
I N- S I TU COMBUST I ON ...E.:..! 1 2 .  7 50. 8 50 . 8  1 2 . 7  7 6 . 2  7 6 . 2  76 . 2  76 . 2  7 6 . 2  76 . 2 50 . 8  50 . 8  .!.Ll. 50 . 8  50 . 8  1 2 . 7  

TOTAL 9 . 3  1 5 . 4  53 . 5  53 . 7  1 5 . 4  79 . 6  7 9 . 6  79 . 6  7 9 . 6  7 9 . 6  7 9 . 6  5 3 . 5  53 . 7  1 5 . 4  53 . 5  53 . 7  1 5 . 4  

TABLE VI I - 1 0  

ATMOSPHERIC co EMI S S I ONS BY TECffNOLOGY - 1 9 7 9  OPTIONS 
( ton s /day ) 

1 979 I I B  l l C l l A l l B l l C l l A I I B  I I C BASE I IA I I B  l l C I I A 
1 97 5  CASE l l A I I B l l C  I I I A  1 1  I A  l l l A l l l B  1 1 1 8 1 1 1 8 l l l C I I  I C  l l l C 1 1  I D  I I O  I I I D TECHNOLOGY 

ST EAM I NJECT ION 0 . 6  0 . 5  0 . 5  0 . 6  0 . 5  0 .  7 0 . 7  0 . 7  0 .  7 0 .  7 0. 7 0 . 5  0 . 6  o .  5 0 . 5  0 . 6  0 . 5  

I N - S I T U  COMBUST ION-1!..:.1 ..21..:.i � .lli.:.Q ..21..:.i 37 5 . 0  3 7 5 . 0  375 . 0  375 . 0  37 5 . 0  375 . 0  .lli.:.Q 250 . 0  6 7 . 5  .lli.:.Q 2 50 . 0  6 2 . 5  

31 . 9 63 . 0  250 . 5  250. 6 63 . 0  3 75 . 7  3 7 5 . 7  375 . 7  3 75 . 7  375 . 7  3 7 5 . 7  2 50 . 5  250 . 6  6 3 . 0  250 . 5 2 50 . 6  6 3 . 0  TOTAL 

1
Emi s s ions from other t echno log i e s  are a s sumed to be z ero . 



Ba se  Case  or several other options ( I IC , e tc . ) . Mo s t  of  the 
d i fference i s  due to the l arge increase in in-situ combus tion 
which woul d  be generated in the high terti ary i ncentives 
case s . 

The s e  hydrocarbon emi s s ions ( Tabl e s  V I I - 4  and VI I - 5 ) 
ari s e  in  Reg ion 2 ( Ca l i fornia ) and in Reg ion 6 ( Gulf  Coast ) 
Region 2 shows very large dif ferences among the options , 
with the maximum cases  about 1 5  times the sma l l es t . The 
swing in Reg ion 6 i s  not as large ; the ratio of largest to 
sma l l e s t  i s  about 3 .  As wi l l  be di scus sed be low , the pers i s tent 
oxidants probl em in  Cali fornia adds cons iderab l e  s ign i f icance 
to the large d i f ferences  between options . The large increas e  
i s  due princ ipa l ly to in-s itu combustion . 

2 . 5  Carbon Monoxide Emi s s ions 

CO ( Table IV- 1 0 ) shows pattern s s imi lar to hydroc arbons , 
as  i t  ari se s  from the s ame sources . In- s i tu combustion i s , 
by far , the largest  po tential  source . The swings are even 
larger for CO than hydroc arbons . I n  Region 2 ,  the ratio of 
large st  to sma l le s t  is  over 3 0 0 . Thi s  large value reflects  
the complete  absence o f  in-s itu pro j ects  under the lowe st  
options . In  Reg ion 6 ,  the di fferences are l es s ,  about a 
factor o f  3 .  

2 . 6  Impact o f  Ai r Emi s s ions 

Outs ide of loca l i zed prob lems , which cannot be pinpointed 
in  thi s  analys i s , one ma j or consequence of  the se  emi s s ions 
is the constraints that might be p laced on the pro j ects 
located in  non- attainment areas or air  qua l ity management 
areas ( AQMA ) . 

Of  the f ive Ca l i forni a counti e s  suppo rting steam pro j ec ts , 
Santa Barbara and Monterey Counties  are not AQlffi ' s ;  the 
others , however ,  are ( s ee  Appendix  J ) . Orange County i s  
part of the South Coa st  Air Basin , and borders  on Lo s Angel e s  
County . Thi s  region i s  monitored c lo se ly for a l l  f ive of  
the criteria  po l lutants . Kern County i s  l i sted as  a po tenti al  
prob lem area  for particulate s ,  c a rbo� monoxide , and o x i d a n t s , 
whi l e  Fre sno County i s  c ited f o r  parti culates and oxidants . 
The 1 9 7 4  L'JAAQS attainment s tatus o f the s e  areas s hows that 
particulate violat ions occ urred in all  of the coun t i e s  
exc ept Santa Barbara .  Ni trogen dioxide vio lations were 
recorded in Orange County , oxi d 3 n t s  v i o l a t e d  s t a n d a r d s  i n  
all  are as , carbon monoxide in  a l l  b u t  �Conterey a n d  S anta 
Barbara , and sul fur dioxide violations were repor ted in none 
of the areas . R e p o r t s  f o j:: 1 9 7 5  j_ :id icate  -cj.: a t  the o a r t i cu l a t e s  

V i l - 1 2  



problem has not been s igni f icant ly reduced . No addi tiona l 
countie s  are e stimated to have vio lated ni trogen dioxide 
standard s . Cal i fornia i n- s i tu combustion pro j ects  of  note 
are pre sently located in two of  the above counti e s : Kern 
and Orange . 

The particul ate s and hydrocarbon emi s s ions in Cal i fornia 
are l ikely to be taken into account i n al locating emi s s ions 
l eve l s  permi tted in new source  deve lopment in a l l  non
attainment regions . 

CO emi s s ions , although occurring in non-atta inment 
areas in both Cali fornia and the Gul f  Coast , would probab ly 
not enter into any s imi lar pol icy . CO non-attainment i s 
a lmost  universally  a consequence of  automob i le  exhaustinduced hot spots in congested urban areas . CO emi s s ions 
from remote oi l f ield  pro j ects  would not add mater ia l ly to 
the se  highly local i zed prob lem areas . 

In-s i tu pro j ects  currently located in Bo s s i er Pari sh , 
Loui s iana ( Reg ion 6 )  are in both a non-attainment area and 
an AQMA for particulate emi s s ions . Future large- scale  
expans ion may be i nhibi ted by thi s cons traint . 

Local i zed  potenti al  prob lems ( exceeding short- or long
term NAAQS ) would be  prevented by requi rements s et by state 
agenc ie s . No pro j ect  can cause s tandards to be exceeded . 
Techno logy i s avai lable in a l l  cases  to mee t  any such require
ments . U s e  of low sul fur fuel s , e l ec tric motors ,  hydrocarbon 
recovery sys tems , baghouse s , etc . , would permit pro j ects  to 
con form to local  e nvironmenta l condi tions . App l ication of  
the s e  control s  mi ght a l so be suf fic ient to  e s cape regulati on 
under non- attainment or AQMA po l ic ie s . 

Atmospheric emi s s ions from the tota l product ion/consumption 
scenario are i ndi stingui shable  from one option to another . 
Consumption emi s s ions which are a l ike for both domes tic and imported o il are so much greater than production emi ss ions 
that the di f ferences among the options identi f ied in the 
tables  above are completely masked . The overall  demand for 
petrol eum production i s almo s t  identical  among a l l  the 
opt ions ( s ee  Chapter VI ) . 

There i s one exception to thi s outcome of an ana lys i s 
of total energy consumption . I n  Reg ion 2 ,  sul fur oxide 
emi s s ions show a sma l l  but s igni f icant di fference between 
the terti ary-enhanc ing options ( combinations of  I I IA and 
I I I B )  and the other options . In the case  of maximum terti ary 
output , SOx emi s s ions would be about 1 , 8 0 9  tons/day compared 
to about 1 , 7 6 6  f o r  the sma l l e s t  options ( I IA ,  I I C , e tc . ) .  



The di f ference here , about 2 . 4  percent , i s much l e s s  than the 
di fference cons idering only  product ion , wh ich i s about 5 5  
percent . 

3 .  Water Consumpt ion 

The water requir ements as soc i ated wi th production 
fol low qui te c losely the magni tude of the total production 
l evel s  induced by each option ( Table  V I I - 2 ) , in sp ite o f  
some di f ference among technolog ie s . Thi s i s a consequence 
of the predominance of onshore conventional product ion . 
Thus , ove ral l nat ional water requi rements would be e s sentia l ly 
equal for a l l  pric ing options . Local  r equi rements , however , 
wi l l  depend on the nature o f  techno logy genera l ly employed 
and on the impact of the pr ic ing options . 

The l eve l o f  water consumpt ion by onshore petroleum 
extrac t ion operations in the produc ing regions  depends 
directly on the recovery techno logy uti l i z ed .  Primary 
recovery technique s by defini t ion consume no wate r . Product ion 
brines  wi thdrawn wi th the o i l may be di spo sed of on the 
surface or re in j ected into the ground e i ther as  a di sposal  
technique or  for  secondary recovery via waterflooding . 
Obviously , off shore operations present few water supp ly  
prob lems . Water flooding i s heavi ly  uti l i zed  now in a l l  
produc ing regions and ac counts for the great bulk o f  s econdary 
recovery operat ions ( i . e . , nearly 4 0  percent of tota l U . S .  
oi l production ) . Of  the ma j or produc ing s tate s , Wyoming 
rel ie s  mo s t  heavi ly  on enhanced recovery wi th water f loodi ng , 
wh ich accounts for about 8 0  percent o f  total s tate production . 
Texas and Ok lahoma rely  on waterf looding for about ha l f  
the i r produc tion , wi th Cal i forni a somewhat l e s s  dependent on 
thi s technique ( but when combined wi th water-intens ive steam in j ection i t accounts for j ust  under 5 0  percent ) . Only 
Loui s i ana , among the ma j or produc ing s tate s , has a relatively 
low ( l e s s  than 1 5  percent ) current dependence on waterf looding 
due to hi gh primary productivi ty . But the need for enhanced 
recovery there can be expec ted to i ncrease as  o i l fi elds  
become more dep leted . 

The quanti ty o f  water in j ected ne cessar i ly  vari e s  
wide l y  de pending on the physic al charac teri sti c s  o f  the 
forma tion and the age of the deve lopment . Water-in j e cted to 
o i l -produced ratios  range from l e s s  than 1 to over 7 5 , wi th 
mo s t  ma j o r  deve lopments fa l ling in the 1 to 2 0  range . 

It  i s di ff i cult to e s timate the overall  freshwater 
demand , s ince  produced brine , wa ter from sal ine aqui fers  and 
sea water are used  to the maximum extent feas ib l e  depending 
o n  ava i l ab il ity and compatibi l i ty . For examp l e , in Oklahoma 



in 1 9 6 7 salt  water  makeup total led 2 , 2 3 9  mi l l ion barre l s  
( 7 9 7 from o i l we l l s , 1 , 4 4 2  f rom s a l t  water we l l s ) whi le  
freshwater makeup tota l led only  1 6 1  mi l l ion  barr e l s  ( 1 0 6 . 5  
from sur face water , 5 4 . 5  from wel l s )  . 1 The freshwater 
consumed repre s ent s an i rretrievabl e  re source . 

One terti ary recovery technique in particular in use  
now i s water- intens ive and places  potenti a l  demand s on  
fre shwater supp l ie s . Steam i nj ection , uti l i zed a lmo s t  
who l ly in Cal i forni a ,  u s e s  an  average o f  5 . 2  barr e l s  of  
water a s  s team per  barre l of  o i l produced . I n  order to 
avo i d bo i ler  corro s ion  and fouli ng , high qua l i ty water i s 
requi red , usua lly  nece s s i tating treatment of  brines  or  
uti li zation  o f  freshwate r . Efforts  are underway to de s ign  
bo i lers  compatib l e  wi th high ion- content brine s . 

The problem of  freshwater avai lab i l ity and consumption 
wi l l  be magn i fied by cons iderab l e  growth i n conventional 
onshore produc tion under a l l  of  the pric ing options . 

I n  Cal i forn ia ( Region  2 ) ,  conventiona l  onshore recovery i s expected  to increase  from 4 9 0  thousand barre l s  per day in 
1 9 7 5 to the range o f  8 2 0  ( Base  Ca s e )  to the range of  1 , 0 2 0  
to 1 , 1 2 0  thousand barre l s  per  day in 1 9 7 9  depending o n  the 
option . Thi s repre sents  a sub s tanti al  increase and may po s e  
a threat to water suppl ie s  i f s a l t  water makeup i s not 
secured in large vo lume s . As suming that s a l t  water i s used 
for nakeup where i t i s feas ib le and that steam pro j ects  are 
the only ones  demanding freshwater , Tab l e  V I I - 1 1  indicates  
comparative freshwater requirements for Cal i forni a wher e  al l 
s team pro j ects  are predic ted to take place . The di f f erence 
of  2 0 0 , 0 0 0  barre l s  o f  water per day between the Base Case  
and  the mo s t  water- intens ive cases  ( 1 5 0 , 0 0 0  barre l s  over 
1 9 7 5 ) i s about 9 , 5 0 0  acre-feet  per  year . Compared to the 
approximately  1 5  mi l l ion acre-feet  pumped fron groundwater 
reservoi rs  annua l ly in Cal i forni a thi s would not appear to 
be a s igni fi cant amount ,  but loca l  prob l ems that may occur 
s hould not be ove rlooked . 

4 .  Water Qua l ity 

Water qual i ty impacts  onshore der ive from s everal 
aspects  0 £  o i l recovery . The se are l argely dependent on the 

1 0Klahoma S econdary Recovery Commi ttee , Secondary Recovery 
and Pres sur e Maintenance 02erat ion� , Inter state Oi l Compact 
Cormni s s ion , January l ,  1 9 6 8 , p .  1 .  
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TABLE VI I - 1 1  

COMPARISON OF FRE SHWATER DEM1urns 1 FOR THE DIFFERENT 
1 9 7 9  PRIC ING POLICIES  IN- CALIFORNIA 

FRESHWATER DEMAND 
(Mbbl/d ) 

1 9 7 5 9 0 0  
Base Case 8 5 0  
I IA 8 5 0  
I I B  9 0 0  
I IC  8 5 0  
I IA ,  I I IA 1 , 0 5 0  
I IB , I I IA 1 , 0 5 0  
! IC ,  I I IA 1 , 0 5 0  
I IA ,  I I IB 1 , 0 5 0  
I IB ,  I I I B  1 , 0 5 0  
I IC , I I IB 1 , 0 5 0  
I IA ,  I I IC  8 5 0  
I IB ,  I I IC 9 0 0  
I I C , I I IC  8 5 0  
I IA ,  I I ID  8 5 0  
I IB , I I ID 9 0 0  
I IC , I I ID  8 5 0  

1Assumes fre shwater i s demanded for steam pro j e cts only 
at 5 barre l s  water per b arre l o f  o i l  p r o d L 8 e d . 

VI I - 1 6  



t echnolog i e s  emp loyed in  production . Groundwater  contami nation 
is by far the greate s t  threat and risk . Leakage o f  contaminated 
brine or chemical  laden waterf loods may occur through we l l  
o r  formation fai lure . Pipel ine spi l l s  and seepage from 
di spo s a l  p i t s  are a l so sources  o f  surface  water contamination . 

The impacts depend on  the compos i tion o f  the discharge s ,  
which are highly variable  from s i te to s i te . Conc entrat ions 
and compo s ition of  bo th hydrocarbon and trac e me tal  po l lutants 
are  highly var i able  ( see Chapter I V  and Appendix A ) . A s  a 
practical  surrogate for e stimating and di scuss ing water 
qua l i ty impac ts , a di scus s ion of tota l organic emi s s ions  i s  
appropriate . 

E s timates  o f  organic loading s are presented i n  Tab le  
V I I - 1 2  ( by technology ) and  i n  Tab le  V I I- 1 3  ( by reg ion ) . The 
to ta l quantities  of organic emi s s ions are only s l ightly 
inf luenced by the pric ing option po licy . The difference 
be tween the highe s t  and lowe s t  op tions is only about 2 . 4  
percent . The highes t  va lue s are as soci ated with the s everal  
options that l ead to the highe s t  offshore produc tion ( comb ina
tions of I I I C ) . The s e  options provide for a rede f inition o f  
some offshore produc t ion to the s tr ipper category . 

Conventional product ion methods ,  both onshore and 
o f f shore , produce the ma j or source of  organic pol lution 
(Tab l e  V I I - 1 2 ) .  On a r eg ional b a s i s  ( Tab l e  V I I - 1 3 ) , Reg ion  
6A , off shore Gul f Coa s t ,  is  the  mo st  highly impacted , with 
about hal f  the loadi ng s be ing produced  there . Reg ional 
di fferences  from option to option are sma l l . I n  many r eg ions , 
no change i s  evident . 

H igh onshore produc tion l evels  i n  Regions 2 ,  5 ,  and 6 
occur in areas with potentia l  groundwater problems , where  
any contamination o f  underground format ion could leave a 
subs tantial  deleterious e ffect  ( see  Section D i n  Chapter IV 
for furthe r d i scuss ion ) . 

Demands for ground water are high in Texas and Okl ahoma . 
Recharge rates are not suf f ic ient to mee t wi thdrawal s  i n  
much o f  Texas and wes tern Oklahoma where substantia l  o i l  
ac tivi ty takes place . S imi lar c ircumstances exi s t  i n  Cal i fornia , 
whare overdraft  and s a l t  water intrus ion  mean contamination 
could serious ly exac erbate the water supply prob l em . 

The ma j or water qua l i ty prob lems po sed offshore are by 
we l l  fai lure , release  of  produced bri nes and pipe l ine  sp i l ls . 
M i n o r  e f � e c t s  a r e  a ttr ibuta� � =  to human was te di spo s al and 
d eck-washing s . On  a per barrel  of  o i l  bas i s ,  off shore 
organic releases  ar e approximately 10  t imes as  great a s  
onshore , which exp lains why the contamination i n  the o f f shore  

V I I - 1 7  
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TECHNOLOGY 1 975 

OFFSHORE 35 . 4  

.)NSllORE 1 9 .  6 

STEAM I NJ ECT I Otl 0 . 5  

I N -S I TU COMBUS T I Otl 0 . 0  

co
2

JM I S C I BLE 0. 2 

M l  CEL LAR-POLYMER 0 

TOTAL 5 5 . 8  

TABLE VI I -1 2  

ORGANI C  LOADINGS BY TECHNOLOGY - 1 9 7 9  OPTI ONS 
( tons /day ) 

1 97 9  

BASE 

CASE 

4 1 . 0  

2 3 .  l 
0. 5 

0 . 0 

O. l 

ll 
64 . 7 

I IA 

4 3 . 8  

2 4 . 6  

0 . 5  

0 . 1 

0 . 3 

ll 
69 . 3  

I I B  

4 3 . 8  

24 . 6  

0 . 5  

0 . 1 

0 . 3  

0 

6 9 . 3 

I I C  

4 3 . 8  

24 . 6  

0 .  5 

0 . 0  

0 .  l 
_o_ 
69 . 0  

I I A  

l l I A 

4 3 . 5  

24 . 4  

0 . 6  

0 . 2  

-0 .  6 

0 

69 . 2  

I I B  

l l lA 

! I C 

l l IA 

4 3 . 5  4 3 . 8  

24 . 2  24 . 6  

0 . 6  0 . 6  

0 . 2  0 .  2 

0 . 6  0 . 6  

0 0 -- --
69 . 0  69 . !l  

TABLE VI I - 1 3  

I I A  

I I I B  

4 3 . 3  

24 . l 
0 . 6  

0 . 2 

0 .  7 

0 

68 . A  

I I B  

I I  I B  

4 3 . 0  

2 3 . 9  

0 . 6  

0 . 2 

0. 7 

0 

68 . 4  

! I C 

I I I B  

43 . 5  

24 . 4  

0 . 6  

fl . 2  

n .  7 

0 

f Q .  � 

! I A 

l l l C 

4 4 . 5  

2 4 . 6  

0. 5 

0. l 
0 . 3  

_o_ 
70 . 0  

I ! B  

I I I C 

4 4 . 5  

24 . 6  

0 . 5  

0 . 1  

0 . 3  

0 

70 . 0  

REGIONAL ORGANI C  POLLUTANT LOADINGS - 1 9 7 9  CASE S  
( tons/day ) 

REG I ON 

'!ORTH SLOPE 

1 

2 

'LA 

1.1\ 

-· . . 'J . J O 
I I  

l l f\ 

I fJT !· I I 

1 9 7 5  

0 

4 . 8  

2 . 0  

5 . 6  

0 . 4  
I a 
0 . 0  
7 1 

:5 0 
2 - l 
() . b 
I ) . J 

II 

• , ·, ;; 

1 979 

BASE 

CASE 

4. l 
3 . 0  

2 . 9  

2 . 3  

{) .  5 

1 . 4 

4 . 8  
7 .  7 

34 . l 
I .  o 
0 . 5  

u . )  

l .  5 

r>1 . 7 

! I A 
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reg ions i s greater than any other . The impacts offshore are 
greatly affected by locali zed di spers ion and a s s imi lation 
charac teri s tic s  and ecolog ical  sys tem characteri s ti c s  ( see 
Appendix A ) . In some cases , such as Hackberry Bay in Loui si ana , 
the degree of  enc lo sure o f  the es tuarine system make s i t 
highly susceptible . Thi s area has great commerci a l  f i shery importance to the region ; even sma l l  incremental  changes , 
therefore , could a s s ume potenti a l  s igni f icance . I f  the 
propo sed EPA regulations prohibi ting bri ne di s charges in 
near-o ffshore waters become fi nal i z ed , then the potenti a l  impacts in places  s uch a s  Hackberry Bay wi l l  b e  avoided . 
There i s very l i ttle di ff erence in offshore production and 
the concomitant release  of organi c po l lutants between the 
Base Case  and any of the pric ing options i n Reg ions 6A and 
l lA ( Table V I I - 1 3 ) . In both reg ions , production leve l s  
would  exceed current output . Reg ion 2A , C a l i fornia offshore , 
exhibi ts  a di fferent pattern . Produc tion would drop qui te 
s harply , over a factor of 2 ,  in the absence of any of the 
pric i ng options . A l l  of the options  would  re store some 
production but not suff ic ient to return to preexi s ti ng 
( 1 9 7 5 )  l eve l s . 

5 .  Soc ioeconomic Factors 

Al l of the pric ing options would reduce demand for 
imported oi l ,  loweri ng the f low o f  overseas  expenditures . 
S ince overa l l  demand for petro leum products i s es sentia l ly 
una ffected by any o f  the options , the reduction i s di rectly 
proportional to the di ff erence in production leve l ( see 
Table  V I I - 2 ) . By compari son wi th the Base Case , the saving s 
would range from about $ 3 bi l lion  to $ 4 bi l lion at  current 
wor ld prices . 

Each phase  o f  the oi l exploration-recovery proce s s  
entai l s  some economi c eff ects . Preliminary exploratory 
dri l l ing wi l l  have s i gni ficant , though probably short- l ived 
effects  on employment in the area be ing explored . I n  the 
longer run 1. i f exploration i s succes s ful , sma l ler but more 
permanent increases  i n employment could be expected , tog ether 
wi th secondary i ncreas e s  in local economic activity a s  
mea sured b y  retai l s a l e s  or  hous ing s tarts . Depending o n  
the local  avai l abi l i ty o f  particular types o f  labor , the 
increased l abor demand mi ght be met either local ly or f rom 
out-o f-state workers moved into the production area . 

Employment i n o i l production would grow under a l l  of 
the options . On a national leve l , there would be very 
l i ttle di fference between any pair of options . Loc a l ly , 
however , there could be s ignif ic an t  di fferences , brought 
about by the large di fferences  in tertiary production among 
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the various options . These  potenti al  changes , masked by the 
larger  conventiona l output in the aggregate , would occur 
wi th in Reg ions 2 ,  5 ,  and 6 .  I n  the case  o f  a l ternatives 
invo lving options I I IA and I I IB , subs tanti a l ly greater C02 -
mi sc ib le production i s expected, and extra employment opportu
ni ti tes  wi l l  develop i n tho se  areas where  such extraction i s 
feas ib l e . 

As noted ear l ie r , di ff erence s  i n both dome s tic production 
and overa l l  consumption of  petrol eum produc ts among the 
pric ing a l ternatives are very sma l l .  But compared to the 
Base  Cas e , consumption of petrol eum produc ts wi l l  be s l ightly 
lower for each al ternative ( see Section VI . B ) . Shi fts  in 
patterns o f  consumption of  the various petro leum products 
are not antic ipated ; rather a general shi ft  to s l ight ly  
lower consumpt ion of  all  o i l products  between the Base  Case  
and any alternative i s l ike ly . I f  nationa l demand for 
energy i s una ffec ted , then the lo s t  consumption of  petro leum 
produc ts wi l l  be made up by increases  in other fue l s , mo s t  
l ikely c o a l  and nuc l ear energy . The trade-off  in envi ronmental 
impac t  depends on what mix of  tho s e  two re sourc e s  emerge s . I t  i s not po s s ible  in thi s ana lys i s to e s timate ei ther the 
direction or  magni tude of the change . 

Re f ining operations are not likely to di f f er drastic a l ly 
between the Ba s e  Case  and any o f  the a l ternative s . The 
produc t mi x wi l l  be relatively the same wi th only s l ightly 
lower throughput . 

I nland s to rage and trans fer  fac i l i tie s  would be Much 
the sawe exc ept  that greater dome s tic produc tio n  of c rude 
under the a lternative s might nec e s s i tate a margina l l y  greater 
capac i ty and a s l ightly larger network of gathering l ines . 
But thi s effect  may not be  reali z ed ( and certa inly wi l l  not 
be important ) because mo s t  of the marginal oi l wi l l  be 
produced in existing f ie lds where s torage and tran s fer  
fac i l i ti e s  exi s t .  The  effect  o f  the pric ing po l i c i e s , then , 
will  be to ma inta in and use  the s e  fac i l i tie s  for a long er 
period of  time than might occur in  the Ba s e  Cas e . 

Certain soc ioeconomic impacts can re sult in local 
recreation  impacts as  we.1 1 . Sudden increas e s  in population 
resulting from exploratory activitie s  could , in some case s , 
put pres sur� on local recreation resource s ,  particularly 
where such increases  take pl ace in small  communities . 
Increased production resulting from the proposed rule s  wi l l  
increase the potentia l  for thi s type of  pressure and should 
b e  cons idered in planning for future produc tion a�tivities . 
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Production for mi c e l l ar-po lymer technique s i s  not 
expec ted to reach s igni f i cant leve l s  by 1 9 7 9 . Pro j ects  wi l l  
have b e e n  s tarted b y  that time , however , i f  the mo s t  pro p i tious 
Stage I I I  options are cho sen ( I I IA or I I I B ) . That cho i c e  
could trigger s igni f icant chang e s  in economic act ivity i n  
indus tri e s  conc erned with s upplying particular chemi c a l s  
required b y  tho s e  technolog i e s . The nec e s sary expans ion o f  
indu s trie s supplying surf ac tants and other chemical s would 
p robab ly result in increa s ed chemical indu s try emp loyment 
toge ther wi th changes in the prices  of the s e  chemi c a l s . 
Tab le VI I - 1 4  shows the chemic a l  avai l ab i l i ty s i tuation for 
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e ach o f  the mater ia l s  currently in bulk use  for o i l recovery . 
Compari son with 1 9 8 5 leve l s  indicates  that expans ion may be 
neces sary in industrie s  produc ing a number of tho s e  chemi ca l s  
by that time . 

6 .  Other Envi ronmenta l Impacts  

Many endangered spec ie s  make the ir home s i n the  Gul f  of  
Mexico and  Southern Cal i forni a we tlands ( se e  Tab l e s  VI I- 1 5  
and V I I -1 6 ) . The Cal i forni a wetlands are rather l imi ted in 
s i ze  by compar i son to the Gul f  Coa s t  and the Atlant ic Coast , 
so  encroachments and pol lution damage are  particularly 
harmful . The Southern Cal i fornia coastal  area i s important 
for recreational hunti ng and f i shi ng . Oi l produc tion lowers  
the value o f  the land for  such activi ties , by  di sp lac ing the 
wi ldl i fe and spoi l ing the natural  beauty . Off shore o i l 
production in a l l  regions has been known to cause foul ing of  
recreational beache s . 

Al l o f  the pric ing a l ternative s result  in the same 
l eve l o f  offshore produc tion o ff the Cal i fornia coa s t  ( 1 6 0 , 0 0 0  
barre l s  per day ) . I t  i s interes ting to note  that a l l , 
however , are  below current ( 1 9 7 5 ) produc tion leve l s  ( 2 2 0 , 0 0 0  
barrel s  per  day ) . Produc tion a long the Gul f Coa s t  would be 
inc reased by a l l  the options relative to both exi st ing 
( 1 9 7 5 )  and 1 9 7 9 Ba s e  Case  pro j ected l evel s .  

The Gu l f  o f  Mexi co i s by far the mos t  productive fi shery 
r eg ion in the Uni ted S ta tes , wi th much o f  the activi ty 
concentrated near the Mi s s i s s ippi De lta in Loui s iana . 
Landing s i n Texas and Loui s i ana in 1 9 7 3 - 7 4  total nearly $ 2 0 0  
mi l l ion ( s ee  Appendi x J ) . E s tuarine-dependent species  
compri se  9 7 . 5 percent of  the conunerci al  f i sheri e s  catch . 
They are particularly vulnerab l e  to pol lut ion produc ed by 
r iver di scharge and tidal action . 

The coas tal counti e s  f rom Santa Barbara to San D iego 
are heavi ly  urban , conta ining about hal f  the population of 
Cal i forni a .  Many pe tro leum extract ion s i tes  are located 
wi thin S tandard Metropol i tan S tati s tical  Areas , and extraction 
conf l ic t s  wi th urban and res identia l  activi ti e s . The impact 
o f  petroleum producti on on other indus tri e s  i s relat ive ly  
un important , wi th the  po s s ible  exc eption o f  the  f i shing 
indus try . Stephens 2 has shown dramatic decreases  in  the 
loc a l  waters ' produc tivi ty of pelagi c wetfi sh  and tuna , the 

2 J . R . S tephens , Jr . ,  " Bay and I n shore Fi sh , " in  Proc eedings  
o i  the Southern Cal i forni a Coa stal Zone Sympo si um , Ful le rton , 
Cal i f . , March 1 7 -1 8 , 1 9 7 2 . 

VI I - 2 2  



TABLE VI I - 1 5  

SPEC IES W I TH RARE , ENDANGE RED , OR 
PERIPHERAL S TATUS I N  THE GULF OF ME XICO 

S P E C I E S  

B ROWN P E L I CAN 

F LORI DA G RE AT WHI T E  
H E RON 

F LO RI DA EVE RGLADE 
K IT E  

S OUTHE RN B A L D  E AGLE 

ARCT I C  PEREGRENE 
F ALCON 

ATTWATE R ' S G RE ATE R 
P R;;. I R I E  C H IC KEN 

CAPE S AB LE S PARROW 

AL'1E RI CAN ALLIGATOR 

AME RI CAN C ROCO D I LE 

GRE EN T U RT LE 

RED WOLF 

FLORI DA MA.l'1ATEE 

S TATUS 

ENDANGE RE D 

RARE 

ENDANGE RE D  

E N DANG ERE D  

ENDANGE RE D  

E N DANGEF.ED 

E N DANGERE D  

E N DANGERE D  

P E RI P HE RAL 

PERIPHE RAL 

ENDANGERE D  

ENDAN GE RE D  
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D I S TRI B UT I ON 

B RE E D S  ON I S LAN DS ALONG 
GULF F ROM F LORI DA TO T E XA S  

B REEDS IN F LORIDA KEYS , 
F LO RI DA BAY AND S .  PEN I N 
S ULA OF F L O RI DA N O RT H  TO 
CAPE ROMANO 

F RE S H  WATE R  MARS H E S  O F  
S OUTHERN F LORI DA 

N E S TS I N  E S TUARI N E  AREAS 
F ROM F LORI DA T O  T E X.AS 

IN M I G RAT I ON ALONG T HE 
BEACHES OF OUTE R G U LF 
CO.AST I S LANDS 

D I S JUNCT POPULAT I ONS I N  
TEXAS 

F RE S H  AND B RACK I S H  WATE R  
MARSH E S  I N  S O UT HWE S T E RN  
F LO RI DA . 

M I S S I S S IP P I  WE S T  T O  C O RP US 
CHRI S 'T I , T EXAS 

S .  F LO RI DA AL� D  F LORI DA 
KEY S  

G U L F  C OAST WAT E R  - P RE S ENT 
DURING S UM.rviER .  MAY NES 'J' 
ON F LORI DA COAST 

S OUTHEAS T E RN TE X.AS AND 
S OUTHWES T E RN  LOUI S I A.�A 

COAS TAL A RE AS OF F LORI DA 



TABLE VI I - 1 5  ( CONT . )  

S PE C I E S  

WHOOP ING C RANE 

F LORI DA S ANDH I L L  
CRANE 

E S K IMO CURLEW 

AMERI CAN IVORY B I LLED 
WOODPE C KE R  

RED COCKADE D WOO D 
P ECKER 

F LORI DA PANTHE R 

KEY DEE R 

HOUST ON T OAD 

S TATUS 

E NDANGERE D  

RARE 

ENDANGERE D  

ENDANGERE D  

E NDANGERE D  

E N DANGERE D  

EN DANGE RE D  

E N DANGERE D  

D I S TR I B UT I ON 

WINTE RS AT ARANS E S  NAT I ONAL 
WI LDLIFE REF UGE , TEXA S  
AND N EARBY G U L F  COAS T 
I S LAND S  

WES T  P RA I R I E S  O F  P EN I N S U 
LAR F LORI DA AND S OUTHERN 
M I S S I S S IP P I  -

S P RING M I G RANT S  ON TEXAS 
COAST 

S OUTHEAST T E XA S  

OPEN , O L D  P INE WOODLANDS 
IN GULF COAST REG I ON -
F LO R I DA TO EAS T E RN TEXAS 

FOUR COUNT I E S  IN F LORI DA 

KE Y DEER NAT I ONAL WI L D L I F E  
REF UGE , F LO R I DA 

LOBLOLLY � IN E , HOUS T ON 
TEXAS 

S ource : Wi l l i am F .  Gu s ey , P e t r o l e um P roduct i on and 
F i sh and Wi l d l i fe Re s ourc e s , The Gul f o f  Mex i c o , C ook I n l e t , 
A l a sk s , S an t a  B a rb a r a  Channe l ,  C a l i forn i a ,  Append i x  6 .  
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TABLE VI I - 1 6  

ENDANGERED SPECIES OF CALIFORNIA 

Cali fornia Brown P e l i can ( P e lecanus occidentali s cali fornicus ) 
Southe rn Bald Eagle ( Hal iaeetus leucocepha�us ) 
Cali fornia Condor ( Gymnogyps cali fornianus ) 
Ame rican Pere grine Fa lcon ( Fa lc o  peregrinus anatum) 
Light-Footed Clappe r  Rai l ( Rallus longi ro s tr1s  levys e s ) 
Cali fornia Least Tern ( S terna albifrons browni ) 
Belding ' s  S avannah Sparrow (Pas s erculus s andwichens i s  beldingi ) 
Unarmored Thre e sp ine S tick l eback ( Gastervsteus aculeatus wi l l i amson i )  

Gray Whale ( E schrichtius gibbosus ) 
Blue Whale ( Bal enoptera mus culus ) 
Finback Wha l e  ( Ba l enoptera phy s alus ) 
S e i  Whale ( Ba lenoptera boreal i s ) 
Humpback Whale (Megaptera movreang l i ae ) 
Pac i f i c  Right Whale ( Bal ena ga l c i a l i s )  
Sperm Whale ( Phys terer catodon ) 

RARE SPEC I E S  

I s land Fox (Urocyon l attora l l i s ) 
Guadalupe Fur Seal ( Arctocephalus phi l ipp i i  towns end ) 
Cali fornia B l a, �:k Ra i l  ( Late rallus s amarcens i s  coturni culus ) 
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two mo s t  important commercia l  f i sh . The po l lution and 
reduction of habi tat caused by o i l extraction i s probab ly 
swamped by the presence of 10 mi l lion people , but never
theless  may have contributed to the lo s s . 

7 .  Off shore Oi l Sp i l l s  

O f f  shore oi l spi l l s  ari se from both productio n  and a l so 
transport in tanker s . Tankers are used to land imported 
c rude oi l and petro leum products  and for coa sta l  trans i t of 
c rude and petroleum products  in U . S .  water s , main ly from 
Gul f Coa s t  ports to Ea s t  Coa s t  ports . The environmental 
impact of  the var ious options wa s e s timated through an 
analys i s of expec ted magni tude o f  spi l l s  from both sources . 
Three cases  are cons idered , correspondi ng to the cases  used 
i n the ana lys i s of pr ice-induced demand changes  ( Chapter 
VI ) . Production and import  quanti tie s  corre spondi ng to 
these  cases  are given in Tab le VI I - 1 7 . 

The regiona l import  figures in Table  V I I - 1 7  are obtained 
by apportioning the net nationa l di ff erence between increased 
produc tion and decreased imports among the three coa stal  
areas  according to the fraction of  total U . S .  imports each 
received in 1 9 7 4  ( Table VI I - 1 8 ) . 

E stimates of oi l sp i l l  r i sk ( in barre l s  per day ) in the 
Gul f Coa s t  are obtained by adding the quanti ti tes due to 
transport and due to produc tion . Transpor t amounts are the 
sum of imports plus coa s tal  tra ff ic out . Coa s ta l  traf f ic 
out i s as sumed to be the net di fference of  production les s 
that which leaves the region by pipel ine ( about 2 . 9  mi l l ion 
barrel s per day ) . Spi l l s  due to transport are e s timated by 
applying a factor o f  3 5 . 5  barrel s per mi l l ion barrel s  trans
ported . 3 S imi lar ly , produc tion spi l l s  are based on a factor 
of 1 4 0  barre l s  sp i l led per mi l l ion barrels  produced . 4 The 
results of the analysi s are g iven in Tab le  VI I- 1 9 . 

3B . L .  Wa lton et al . ,  Dra ft  Environmental Impact As sessment 
of Adj ustments to Dome s tic Crude Oil Prices  Under the S econd 
Stage of the Energy Po l icy and Conservation Act ,  S tanford 
Res earc h Institute , May 1 9 7 6 , p .  2 8 . 

4 Richard D .  Wi l son , " Estimate o f  Annual Input of Petro leum 
to the Marine Environment from Off shore Production Operations , " 
in Bac kground Papers  for a Workshop on I nputs , Fates , and E ffects 
of  Petro l eum in the Mar ine Environment , Vo l . I ,  Oc ean Affair s  
Board , National Ac ademy of  Sc ienc es , Wa shington , D . C . , 1 9 7 3 . 
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TABLE V I I - 1 7  

REGIONAL P RODUCTION AND IMPORTS , 1 9 7 9
1 

TOT/\L U . S .  CAL I FORtl l /\  ( 2  & 2/\ ) GUL F COAST 

PRODUC T ! Oi� I MPORTS PRODUCT I ON I MPORTS PROOU C T I ON I MPORTS 

------ -- ·------ -----�--------- -------

9 . 7 5 7 . 55 l . 08 l .  l 8  3 . 9B l . 98 

1 0 . 4 2 6 . 39 l . 24 0 . 96 4 . 36 l . 50 

1 0 . 43 6 . 30 l .  24 0 . 94 4 . 34 1 . 4 9  

EAST COAST ( 8 , 9 , l O , l l , l l A )  

PRODUCT I ON I �IPORTS 

0 . 32 4 .  1 9  

0 . 3 7 3 . 93 

0 . 37 3 . 137 

1
Product ion f igur e s  from Chapter VI . 

2 
f '  Low igur e s  are averages for C a s e s  I IA , I I C , I IA-I I IA ,  I IC - I I IA , I IC - I I IB . 

3
H igh f igur e s  are aver ages for Cases  I IA- I I IB , I IA- I I I D , I I B - I I I D , I IC - I I I D . 



REGION C RUDE 

EAST COAST 5 1 5  

CALI F01'.NIA 3 9 0  

GULF 2 1 5  

TOTAL 1 , 1 2 0  
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TABLE VI I - 1 8  

1 9 7 4 IMPORTS (T�barrel s )  

P RODUCT S  

6 0 0  

1 4 5  

1 0 0  --

8 4 5  

TOTAL P E RCENT OF GRAND TOTAL 

1 , 1 1 5  5 7  

5 3 5  2 7  

3 1 5  1 6  

1 , 9 6 5  
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IMPORTS AND 
P RODUCT I ON 

( 1 0 6 bb l/day ) 

5 . 9 6 

5 . 8 6 

1 .  8 3  

TABLE VI I - 1 9  

S P I LL P OTENTIAL IN GULF COAST 

IMP ORTS AND S P I LL POTENT IAL S P ILLS F ROM. 
T RAF F I C  OUT F H.021 'r RANSPORT P RODUCT ION 

( 1 0 6 bb l/d ay ) ( bb l/day ) ( bbl/day ) 

5 . 0 4 1 7 9  1 9 2  

4 . 4 6  1 5 8  1 9 8  

4 . 4 2 1 5 7  1 9 8  



Both the high and low cases  would result  in reductions 
of spi l l  r i sk over the Ba se  Ca se , about 4 percent for the 
low p ric e  options and about 5 percent for the high pric e  
options . The di f ference between options ( about 1 barrel  per 
day ) i s i ns igni f ic ant in terms of the pre c i s ion  of  the 
analys i s .  

Sp i l l s  a long the East  Coas t are due entir e ly to transport 
as none of the options induce produc tion through 1 9 7 9 .  Shipments 
landed in East Coa s t  ports are e s timated by sub tracting quanti 
t ie s  pipe lined ( about 1 . 9 2 mi l lion  barrels  per day ) into the 
reg ions supp l ied f rom coa s ta l  ports ( 8 , 9 ,  1 0 , and 1 1 ) from 
demand in thes e  regions . Thes e  reg ions consume about 4 1  
percent o f  tota l U . S .  consumption . The results  are given in 
Tab le  V I I- 2 0 . Both sets of options reduce the ri sk  over the 
Base  Case  by about 2 . 5 percent . 

Results  for a s imi lar ana lys i s for the Nor thea s t  Coa s t  
(Ma ine  t o  Mary land ) a r e  shown in Tab le VI I - 2 1 . 

In gener a l , r educed imports are o f f s e t  by increased 
coa s ta l  traf fic .  U . S  ship s  and crews ( coasta l  trans i t ) are 
known to have a better spi l l  record than do foreign ships  
( imports ) . On the  other hand , coas tal  traff ic remains in 
U . S .  coas tal  waters for longer periods of  time per barre l 
landed . In  the abs ence of data on each mode , the s ame 
factor ( 3 5 . 5  barrels  per mi l l ion  barr e l s ) was used uni formly . 

8 .  Re lative Contr ibutions of  Produc ti on-Bas ed 
Emi s s ions  to To tal  Energy Re lated Ac t ivi ti e s  

The di scuss ion of  e nvironmental impact  pre sented above 
highlights the di rec t e f fects  due to production and the c lo s e ly
related transporta tion sector . Reg iona l di fferences are di s
cus sed and in s everal  cases  appear quite  large . To provide 
addi ti ona l pers pective i t i s valuab l e  to examine the impac t 
o f  petro leum product ion re lated activitie s  to overa l l  energy 
consumptio n .  

The methodo logy outl ined in Section I I I . D  was used  for 
s uch an overa l l  analys i s .  A mode l  deve loped to generate 
e nvironmental res idua l s  for Pro j ect  I ndependence was used a s  
the computationa l framework . 5 Pr imary inputs to thi s mode l 
are e s timate s of  energy production , transportation , convers ion , 

5 Energy Re source s  Company I nc . , As s e s sment of  Environmenta l  
Imp li cations o f  P ro j ect  Independence , for the U . S .  Environmental 
Protec tion Agency , 1 9 7 5 .  
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TABLE VI I - 2 0  

EAST COAST S P I LL POTENTIAL 

DEMAND 
( 1 0 6 bb l/day)  

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

BASE 7 . 7 1 

LOW 7 . 5 8 

I I I GH 7 . 5 7 

WATER 
TRANSPORT 

( 1 0 6 bb l/day ) 

5 . 7 9 

5 . 6 6 

5 . 6 5 

S P I LL 
( bb l /day ) 

2 0 6  

2 0 1  

2 0 1  
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TABLE V I I - 2 1  

NORTHEAST COAS T S P I LL POTENTIAL 

DEMAND 
( 1 0 6 bbl/day ) 

5 . 0 6 

4 . 9 7 

4 . 9 6 

WATER 
T RANSPORT 

( 1 0 6 bb l/day ) 

4 . 2 4 

4 . 1 5 

4 . 1 4 

SP ILL 
PO'l'ENTIAL 
( bb l /day ) 

1 5 1  

1 4 7  

1 4 7  

.. 



and consumption by Demand Regions , as  de fined in conj unct ion 
wi th  P ro j ect Independence ( See F igure VI I - 1 ) . Inputs are pro
vided for the three maj or fo s s i l fue l s , petroleum , natura l  
gas , and coal , as  we l l  as  nuc l ear , hydropower and geothermal . 
The bas i s for est imating con sumption i s detailed  in Section I I I . D .  
Tables  giving the breakdown among the various fuel sectors are 
p,res ented there . 

Re s idual s  o f  principal  air and water po l lutants  are 
gene�ated as output by applying a set of coe ffic ients to the 
ener�y f lows . The output set of res idual s  corre sponding to 
the 1 9 7 9  set of scenario s  i s shown in Table  VI I - 2 2 . Data 
are g iven for organic s  in water and air po l lutants inc luding 
particulate s , n itrogen oxides , sul fur dioxide , hydrocarbons ,  
and c arbon monoxide . The data presented in thi s table are 
not direct ly comparable to the data in the preceding tables  
in thi s chapter , which are  tabulated according to P roduction 
Regions ( See F igure VI - 1 ) . Thi s di screpancy , resulting from 
the use  of di f ferent mode l s  to generate production and con
sumption e s timates , does  not interfere with the s i gni f icance 
and uti l ity of the data . In view of the uncertaintie s  
associated wi th the OCS leas ing schedules , the detailed geologic 
i nformation , and the off-shore oil production technology development , 
the impact predictions and estimates presented in Table  VII - 2 2  
wi l l  b e  subj ect to s igni ficant variations in the future . 

It  i s read i ly apparent that , with only a few exceptions , 
no di f ference exi sts  between scenarios . The res idual esti 
mates are identical  to two ( and o ften more than two ) s i gn i
ficant f igure s . Only the f irst  two figures  are meaningful . 
The remaining f igure s result from the computer output format 
which was used directly in preparing the table . 

Regional di f ferences due to production are comp letely 
overwhelmed by res idual s  generated in the convers ion  and con
sumption sectors . Only in organic s  ( in water ) and in sul fur 
oxide s generation can any meaningful di f ferences  be di scerned . 
Only  Demand Region 9 ,  which corresponds exactly to the com
binat ion of Production Regions 2 and 2a , that i s ,  wes t  coast 
onshore and o f fshore production , shows d i f ference s .  These  
di f ference s can be attributed to  variat ions in s team in j ec
tion based product ion . The higher level s  o f  sul fur dioxide 
corre spond to the scenarios  d iscus sed above ( see Table VI I - 8 ) . 

. rn view of  the uncertainties  associated with the ocs 
leas ing sch E!dules , the detailed geologic in formation and �he off-shore oil production technology development 

'
the 

i�pact predictions and es timates presented in Table
,
VI I-2 2  

wil l  b e  sub j ect to s igni ficant vari ations in the future . 
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Not only are the scenar io-to-s cenar io di fferences  very 
s l ight or abs ent , but the relative contr ibutions of pe tro
leum produc tion-based emi s s ions to overall  res idua l s  genera
tion i s  also very small . For example , the national to tal 
organics  loading due to produc tion ( 1 9 7 9  Base Cas e )  is  
6 4 . 7  tons per day ; the corresponding national total for all  
energy uti l i z ation is  2 3 8  tons per day . S imi lar ly , for 
sul fur oxide generation , emi s s ions are 1 8 5 . 3  tons per day 
for product ion compared to over 1 3 2 , 0 0 0  tons per day . 
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TABLE VI I - 2 2  
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B .  1 9 8 5  Case  

1 .  Domes ti c Oi l Production 

Petro leum production in 1 9 8 5  i s sub s tanti a l ly independent 
of the pric ing po l ic ie s  in effect  unti l 1 9 7 9 ( s ee  Chapter 
I I I ) . Al l effects  of the various pric ing alternative s ,  in 
e s s ence , vani sh because  of  the effects  of  decontro l of  o i l 
p ric e s  in 1 9 7 9 ;  production leve l s  in 1 9 8 5  do not depend on 
the alternative cho s en . Production in 1 9 8 5  i s e s timated to 
total  1 2 , 2 1 0  thous and barrel s  per day , 3 , 8 3 0  thousand 
barre l s  per day above the 1 9 7 5  leve l . Thi s repre s ents a 
4 5 . 7  percent increase in product ion . Two regions  compri s e  
9 8 . 7  perc ent of  the increase - - 4 1 . 5  percent f rom Cal i forn ia ,  
and 5 7 . 2  percent from Alaska . 

Conventional onshore production contr ibutes  the larges t  
portion ( 1 , 8 1 5  thous and barrels  per day ) of  the increas e ,  
primari ly due to North S lope productio n .  Off shore deve lopment 
increase s 1 , 1 3 0  thousand barrels  per day , and the remaini ng 
di f f erence of 8 8 5  thousand barre l s  per day comes f rom increases  
i n tertiary pro j ects , pr incipally s team methods . 

I n  1 9 7 5  the Gul f  Coas t  regions  accounted for 6 5 . 9  
percent of tota l dome s tic production . Although production 
for  the reg ion i ncreases  by 1 percent in 1 9 8 5 , thi s area

'
s 

c ontribution to dome stic production drop s to 4 5 . 7  percent of  
the  tota l . A 1 4 . 7  percent decrease  i n onshore production i s 
o f f  set  by a 4 3  percent increas e  in off  shore  production . 

Total production in Reg ion 2 increase s  by 1 7 8 . 6  percent 
by 1 9 8 5 . Onshore development compri s e s  3 9 . 6  percent of the 
1 , 5 9 0  thousand barrel  per day increas e ,  2 6 . 4  percent f rom 
o ff shore deve lopment , and 2 5 . l  percent f rom s team-recovery 
proj ects . The remaining 8 . 8  percent i s contr ibuted by C0 2 in j ection and in - s itu combustion pro j ects . The regiona l 
i ncrease account s for 4 1 . 5  percent o f  the total national 
production increase . 

By 1 9 8 5 , the Alaska regions wi l l  be producing 2 , 3 8 0  
thous and barrel s  o f  oi l per day . The great bulk  of  new 
produc t ion i s from the onshore fi elds  on the Alaskan North 
S lop e , which are expected to y ie l d  2 . 0 5 mi l lion barrel s  o f  
o i l per day , 8 6 . 1  percent o f  Alaskan o i l product ion and 5 3 . 5  
percent of the total i ncrease  in national productio� . The 
r emaining 3 3 0  thousand barr e l s  per day wi l l  be produc ed from 
off shore f ie lds . 
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2 .  Environmental Impacts 

I n  genera l , the various environmental res idual s  resulti ng 
from o i l produc tion are expected to i ncrease  over the i r 1 9 7 5  
l eve l s  b y  1 9 8 5  ( se e  Tabl e s  C - 1 8  and C- 3 6 ) . Organi c s  wi l l  
increa s e  b y  6 5  percent to 9 2 . 2  tons per  day . About hal f  of  
the amount wi l l  be generated in the Gul f  Coa s t  s tates , 2 4  
percent in Region 2 ,  and 6 percent in Alaska ' s  North S lope . 
Ni nety-e ight percent of  environmental res idua l s  due to 
s team-recovery methods - - PM , NOx , and SOx -- wi l l  come f rom 
tertia ry recovery p roj ects  in Cali forni a .  The s e  res idua l s  
are expec ted to increase b y  about 2 2 5  percent . Hydrocarbon 
and carbon monoxide res idua l s  wi l l  increase  2 5 - fold  and 3 5 -
fold , re spec tively , by 1 9 8 5 . 

The effect  o f  the various po l ic ie s  on the envi ronment 
during the period of 1 9 7 9  to 1 9 8 5  may di ffer  according to 
the s tarti ng po int de f ined by 1 9 7 9  production leve l s . 
Neverthe l e s s , the di fferent impacts  as sociated with the 1 9 7 9  
a l ternat ives are  sma l l  and , due to the converging tendenc ie s  
of  the a l ternative s ,  may b e  expected t o  be sma l l er i n  each 
succeeding year . 
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CHAPTER VI I I  

MITIGAT ING MEASURE S  

The environmental impacts of o i l deve lopment o n  the 
s c a le st imulated by the o i l  pric ing pol ic ie s  are in general 
not severe . Only in a few loc a l i zed areas are the re l ikely 
to be impacts that may cause concern . The s e  potential  impacts inc lude consumption of  fre shwater supp l ie s , a i r  
pollution from therma l recovery proce s s e s , groundwater 
pol lution from rein j ected br ine s , degradation of  ae s thetic 
charac te r i s tic s , and contamination re sult ing from oil  s p i l l s . 
I n  every case , control measures would be appl ied suff i cient 
to mee t environmental contro l  regul ations . 

Beyond those  measures  which are mandated by regulation , i t i s po s s ible  to apply means to mitigate the potenti al  
environmental impacts e i ther by reduc ing the l ike l ihood or  
severity of the i r  occurrence or by  apply ing remedial measure s .  
Fo llowing are several pos s ib le me asures that could be app l ied 
to mitigate the above mentioned environmental consequences 
of  production e f fects of  price  re gulations : 

1 .  As a gene ra l me asure , conse rvat ion and reduc tion 
of  demand for pe tro leum products  would lower the 
overall  production and/or importation o f  crude oi l 
and would le s s en the likel ihood of  a l l  the poten
tial impacts . 

2 .  Produced waters  may be recyc led and s a l t  wate r may 
be obtained to minimi ze  the use  of freshwate r .  I n  
genera l ,  loc al  water suppl ie s  need not b e  dep le ted 
or d iverted from other uses  if s i tes are chosen 
care fully and the water is  used e f f i c iently . I n  
most c a s e s  the water is reus ed forming a s e l f
contained , cons tantly rec i rcul ating sys tem . Mos t  
of  i t  i s obtained from the we l l ' s  accumulated 
produc ed wate r instead of  from local groundwater 
source s .  Due t o  inevi tab le  los ses , the addi tion 
of  makeup wa � e r  i s  s oD e t ime s nece s s ary . It i s 
u s u a l l y  pos s ib l e , howeve r ,  t o  ob t a i n  thi s f rom 
no�- freshwa te r s c � � c e s  a 3  we l l , s u c h  as s a l ine 
aquifers . 

3 .  I n  stea� in j e c t i o n , new bo i l e r  Je s i gn and chemi cal  
�reatment may make i t  pos s ib le to produce steam 
� r em s a l ine wate r wi thout damaging  the bo i ler , 
� e d u c i ng fre shwater demands . 
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4 .  Re in j ection of  the br ine not only helps to mee t  
wate r supply  needs , it a l s o  mitigate s the brine 
di sposal prob lem . In j ected  water may contain 
di s s olved hydrocarbons and toxi c heavy me tal s , 
thereby pos ing potentia l  thre ats to groundwater 
supp l ie s . Reu s ing th is wate r reduce s the amounts 
of  chemicals  tha t  potential ly  enter ground water . 

5 .  I t  i s conce ivab le that  the trace materi als  in 
produced wate rs  could be chemically treated , 
recovered and reapp l ied e l sewhe re . Recycl ing 
industr ie s  and " wa ste exchange s " are only now 
beg inn ing to emerge . S tr ic ter  Federal regulation 
of wa stewater di sposal , and wider inte rpretation 
of PL  9 2 - 5 0 0  ( the  Federal Water Pol lut ion Control 
Act Amendments of 1 9 7 2 ) to subs id i ze  contro l o f  
toxic subs tances a t  the ir sources , would  as sure 
such industr ie s  a predictab le  market .  

6 .  Air emi s s ions from oi l produc tion operations must  
be contro l led to conform to all  appropr iate 
emis s ion regulations . Many s ingle fac i l itie s  are , 
however ,  smaller  than the min imum s i ze  to which 
the regulat ions apply . Emis s ions from these  s ites 
can be l e s s ened by emp loying technological  con
trols  even in the abs ence of spec i f ic regulations . 
Hydrocarbon emis s ions from conventiona l and 
advanced recovery operations , part icularly the rmal 
methods , can be contro l led by emp loying one of  
several techn iques : ad sorption , s crubb ing , after
burning , etc . Recovery of hydrocarbons would 
of fset  some of the cost of emi s s ions control . 
Good housekeep ing prac tis e s  can also  help to 
e l iminate fugitive hydrocarbon emi s s ions from 
leaky valve s , gaskets , seals , etc . S crubbers  or 
use of low- sul fur fue l can reduce s o2 emi s s ions 
from s te am recovery s ites . 

7 .  The use of e l ectrical  motors can minimi ze  the 
air pol lution prob l em presented by pump s and 
compres sors . 

8 . Adverse  ae s the ti c e f fects can be minimi zed by such 
techn iques as plac ing operations in bu i ldings 
( currently pract iced on Long Beach ) , putting 
fences and trees around fac i l ities  and bury ing 
p ipel ines . 
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9 .  Emergency spi l l  p l ans and good housekeep ing prac
t i s e s  at product ion s i te s can both l e s sen the 
probab i l i ty of sp i l l s  in the f i r s t  p lace and a l s o  
min im i ze the imp ac t i f  sp i l l s  do occur . 

1 0 . Improved s tandards for tankers and s tronge r 
enforc ement o f  exis ting regu l at ions can reduce the 
probab i l ity of sp i l l s  at s e a . 
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CHAPTER IX 

ADVERSE ENVIRONMENTAL IMPACTS WHI CH CANNOT BE AVOIDED 

O i l exp loration and production have wel l-known and f air ly 
we l l -def ined e nvironment a l  impac ts as  de scribed earli er . Even 
af ter  applying those  contro l measure s requi red by regulation and 
us ing other reasonab le  methods to mi tigate the impacts  s ti l l  to 
be f e l t , there remain adverse  environmental impacts  whi ch c annot 
be  avoided . Mo st  are chronic wi th low- l evel  e f fects , but some 
are rare events wi th potenti a l ly more s er ious  cons equence s . 
Almo s t  a l l  are  loc a l  in nature . 

1 .  I n  spite  of  a l l  contro l ef forts there  wi l l  be atmo s 
pheric emi s s ions at  product ion s ites . The emi s s ions 
c aused by o i l produc tion are no t expected to be high 
and can be  reduc ed s igni fic antly wi th appropriate 
contro l measures , but neverthe l e s s  wi l l  not tota l ly be 
e l iminated . Low level s  of  fug itive hydrocarbon emi s s ions 
from o i l handl ing proc e s ses  c annot be avoided entirely 
e i ther . 

2 .  The s te am inj ection proc e s s  r equi res  large quantitie s  
of  fre shwate r . As di s cus s ed in S ec tion VII . A . 3 ,  thi s i s not expected to be a maj or  prob l em ,  but unles s 
technique s are developed to produc e s team from s al t  
water wi thout damaging bo i lers , the use  of  freshwater i s unavo idab l e . 

3 .  Water suppl i es  can become contaminated wi th o i l or 
materia l s  in inj ected waters  from sp i l l s , wel l  f ai lure s , 
and changes in the o i l -bear ing formation . Because 
water used in crude o i l production mus t  meet  stringent 
s tandards ( to prevent corro s ion , for examp l e ) , such 
waters must  usual ly be treated be fore , as  wel l  as  af ter 
e xtraction of the o i l . Chemic a l  age nts are  frequently 
added to the proce s s  water in order to prevent corro
s ion  and s l ime accumulation , and the s e  agents -- many 
of them toxic - - then become part of the wastewater .  
Un l e s s  the in j ec tion of  thi s water proceeds careful ly , 
contamination o f  ground and sur face  waters can resul t . 

4 .  Other environmental impacts  of o i l recovery that are 
unavo idabl e  in some cases  inc lude : no i s e , surface  
d i s turbances  and  alterations in land use , subs i denc e , 
degradation of aes thetic va lues  ( " vis ual  impact " ) , and 
changes  in local plant and animal li fe . It  i s also  
po s s ib l e  that damage to  recreationa l , hi storical  or  
archec logic a l  s i tes may occur . 



5 .  The very nature o f  o i l  s p i l l s  and the cons equent environ
mental imp ac t l ead to unavo ida b l e  adv e r s e  e f f ec t s . I n  
s p i t8 o f  improvements in housekeeping prac t i c e s at 
production and p i pe l ine f ac i l i ti e s  and improvement i n  
tanker des i gn a n d  operations , s p i l l s  a r e  bound to 
o ccur . The environmenta l af termath o f  s p i l l s  i s  highly 
var i ab l e  and unpredictab l e . The immediate catastrophic 
impact of the Argo Merchant s p i l l  expected by many did 
not occur , thank s to f avo rab l e  wind and water b ehavior . 
The long- term impac t  o f  that ma j or spi l l  i s , o f  cours e ,  
not yet known . 

On the other hand , sma l ler s p i l l s  may exert much l arger 
environment a l  impact s .  A muc h  sma l ler s p i l l  in the 
C ape Cod Cana l ,  s oon a f ter the Argo Merchant d i s as t er , 
appear ed to have c au s e d  more damage a s  the s p i l l  
oc curred i n  a produc tive area , near s hore and i n  
rela tively protected waters . S p i l l s  f rom near - s hore 
o pe ra t ional p l a t fo rms , particularly a long the Gul f 
Coa s t , wi l l  incre a s e  the r i s k  o f  damage to marine 
o rgani sms ; increa s e  degradation of  we t l and s , beache s , 
and i s l and s ; and incre a s e  i nt e r f e rence w i th comme r c i a l  
f i sh ing o perations . 

Al l o f  the pr i c ing a l ternat ive s incre a s e  dome s t i c  
p roduc tion a t  the expense o f  imports . Thu s , r i sk o f  
s p i l l s  f rom tank e r s  at s e a  or in c o a s t a l  waters w i l l  b e  
decreased proportiona l l y . A s s uming , a s  e ar l i er , an 
average s p i l l  of about 3 5 b arre l s  per mi l l ion barre l s  
sh ipped , the decrease ( re l ative t o  the B a s e  C a s e ) i n  
s p i l l  r i sk in 1 9 7 9 ,  expre s sed a s  b arre l s  s p i l led per 
day , on the average range s  from about 3 5  b arre l s  per 
day for all o f  the pric ing alternative s to twi c e  tha t 
( about 701)arre l s  per day ) fo r immediate decontro l . 

The maj or dome s t i c  produc tion impact ( in 1 9 7 9 )  due to 
a l l  a l t e rnatives occur s  on- shore i n  NPC Reg ion 6 ( se e  
Tab l e s  V I - 3 through VI - 1 8 )  . Thi s  area c omp r i s e s  the 
Gu l f  Coa s t  s tates . As a f ir s t-order e s t imat e , it may 
b e  a s s umed that a l l  increa s e s  in dome s t i c  produc tion 
o f f set equ iva lent quant i t i e s  o f  imports into that 
r egion . Thu s impor t  traf f ic w i l l  shi f t  f rom the Base  
Case  d i s tribution to  favor prima r i l y  Eas t and , to  a 
l e s s e r  degree , We s t  Coas t  ports . The d i f f erent i a l  
e nv i ronmental impac t i s  d i f f i c u l t  t o  e s t imate , but , in 
very gene ra l terms , degradation of the heavi e r  c rude 
o i l  fractions and evaporation of the mor e  toxic vola
t i l e  fractions wi l l  occur a t  a lowe r rate in the co lder 
waters a long the Ea s t  Coa s t  than i n  the Gul f  of Mexico . 
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To what degree thi s e ff ec t  may b e  off  set  by changes  in 
coas tal traff ic patterns carrying e i ther dome sti c crude 
or ref ined produc ts  from Gu l f  Coast ports to East Coast 
ports  i s not known . The data nec e s sary to e st imate 
transportation by var ious modes  are not avai lab l e , so 
that even f i rst-order e s timates  are not s ati s factory 
mea sure s  o f  thi s effect . 
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CHAPTER X 

ALTERNATIVES TO PRICING INCENTIVES 

One of the purpo se s of the EPCA i s to incre ase  the 
supply of fos s i l fue l s  in the Uni ted S tates through price  incentives a n d  production requirements ( s ee Chapter I ) . 
Th i s i s one facet  of a much large r program to reduce U . S .  
dependence on fore i gn s upp l i e s  o f  ene rgy . EPCA also  pro
mote s s trateg ic s torage of petroleum and conse rvation in i tiative s wh ich , along wi th produc tion increas e s , are 
a imed at attain ing thi s goa l . In thi s  E I S  s everal  pric ing 
pol ic ie s  have been cons idered to s timulate dome s tic oi l 
produc tion (Chapter I I ) and ana ly z ed for produc tion and 
envi ronmental e f fects . Thi s chapter looks at al ternatives 
to incre ase  the supply of oi l other than pricing incentives . 

None of the produc tion e f fects  for thes e  a l ternative s 
a re quanti f ied because of the range of  potenti a l  applications 
and the unc ertainty of the magni tude of the i r e f fec t . 
Therefore , on ly  qua li ta tive e f fects are discus s ed . In any 
case , the range of production e f fects of reas onab l e  alte r
nat ives i s l ikely to fal l between thos e  of  the Base  Case and immediate decontro l .  Thi s imp lie s  no di f ferences in 1 9 8 5 
and only sma l l  di f ference s  in 1 9 7 9 . For thi s reason , 
produc tion e stimate s und�r decontrol were inc luded in the 
analys i s in Chapter VI . 

As shown in Tab le  VI - 2 0 , immediate decontro l i s almo s t  
i dentical  to cas e I IC , I I IA .  As di s cus s ed in Chapte r VI I ,  
the environmental impacts of each alternative ( and by imp li 
cat ion immediate decontro l )  are not s i gni ficantly di f fe rent 
from the Base Case in 19 7 9  and even less  in succeeding years 
unti l the re i s no di f ference in 19 8 5 .  The gro s s  impacts of 
the al te rna tives di scussed  be low are not expec ted to be 
outs ide the range between the Base Cas e and decontrol . 
Spec i f ic features of  each alte rnative are di s cus s ed , however . 
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A .  No Ac tion ( 1 9 7 9  Ba s e  Ca s e ) 

1 .  Introduc tion 

The No Ac tion p o l i cy in the con text o f  the EPCA S tage I I  
pri c ing options i s  the so-ca l le d  " Ba s e  Ca s e " de f ined e ar l i e r  
i n  Chap ter I I .  In thi s  c a s e , both the compos i te price ( $ 7 . 6 6 ) a n d  the lower t i e r  p r i c e  ( $ 5 . 1 5 ) would rema in fixed , 
forcing the uppe r tier price leve l to be ad j us ted as produc t i on 
leve l s  change over time . No in f l ationary incre a s e s  would be 
added to the compo s i te price unde r  thi s arrangement .  

Some d i s cus s i on o f  the B a s e  Case has a l re ady been 
inc luded in Chapter VI I ,  a s  a base  line for compari s on of 
the Stage I I  p r i c ing a l te rnative s . Th i s  d i s cus s i on o f  1 9 7 9  
e f fects i s  expanded in th i s  chapter to ind i c ate wha t  impacts 
mi ght be e xpected if no action i s  taken under S tage I I .  

2 .  Dome s t i c  Oi l Produc tion Le ve l s  

Total produc tion i n  1 9 7 9  under the Base C a s e  price 
p o l i cy i s  e s t imated to increase s ome 1 . 3 7 mi l l i on barr e l s  o f  
o i l  per day ove r the 1 9 7 5  production l e ve l ,  wi th mo s t  o f  the 
incre a s e  due to onshore activity in Al aska ( s e e  Tab le X- 1 ) . 
No rth S lope produc tion i s  e s t imated at 1 . 4 2 mi l l ion barre l s  
per day . Produc tion from steam ( margina l ly )  a n d  carbon 
d i oxide -mi s c i b l e  gas me thods i s  s e en to f a l l  o f f , whi l e in
s i tu combus tion , a l though sma l l  in magni tude , doub l e s  ( Tab le 
X- 2 ) . O f f shore produc tion shows about a 2 5  percent increase 
( Tab le X- 3 ) . 

On a regional basi s ( Tab le X- 1 ) , the ve ry l arge inc re a se 
in producti on from the Nor th Sl ope could account , a lone , for 
the ove r a l l  increase ove r 1 9 7 5  leve l s . Ons hore produc tion 
in NPC Re gion 2 ( We s t  Co a s t )  and Re g i on 6 , and Gul f  Coast 
o f f shore produc tion a l l  show s i gni fi cant incre as e s . These 
incre a s e s  would be o f fs e t  by subs tan ti al decre as e s  in on s hore 
produc tion in We s t  Te xas ( Re gion 5 ) and the No r thern P l ain 
s tates ( Re gions 4 and 7 ) , and in o f f shore produc tion o f f  the 
Cali forn i a  coast ( Re g ion 2 A )  . 

3 .  Air Qua l i ty Impacts 

As in Chap ter VI I ,  aggregated e s timate s of a tmo sphe r i c  
emi s s i ons we re made on ly for s te am i n j ec tion and in- s i tu 
combus t i on techno logi e s . Of a l l  produc tion me thods , the s e  
two te chnologie s ,  a s  indi c ated i n  Chapter I V , are e xpected 
to exe rt the gre ate s t  impact on the atmosphe r ic envi ronmen t .  
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TABLE X-1 

PRODUCTION LEVELSa 
- 1 9 7 9  BASE CASE ( THOUSAND BARRELS PER DAY ) 

NPC REGION 1 9 7 5 LEVEL BASE CASE  

North S lope 0 1 , 4 2 0  
1 1 9 0  1 2 0  
2 6 7 0  9 9 0  
2A 2 2 0  9 0  
3 1 4 0  1 8 0 
4 6 2 0  4 7 0 
5 2 , 0 5 0  1 , 6 6 0  
6 2 , 4 4 0  2 , 6 3 0  
6A 9 9 0  1 , 3 5 0  
7 7 3 0  5 2 0  

8 - 9 - 1 0  2 2 0  1 6 0  
1 1  1 1 0  1 0 0  
l lA 0 6 0  

National To tal 8 , 3 8 0 9 , 7 5 0  

aCornbined tota l s  for a l l  production technique s . 
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TABLE X - 2 

P RODUCT I ON LEVELS BY TECHN I QUE - 1 9 � 9  B A S E  CASE 
( THOU SAND BARRFLS PER DAY ) 

TE CHN I QUE 1 9 7 5  LEVEL BAS F CJ>.S E 

Convent ional 8 , 1 1 5  9 , 5 4 0  

S team I n j ec t ion 1 8 0  1 7 0  

I n - s i tu 5 1 0  

co 2 /�i s c ib l e  8 0  3 0  

�1i c e l  lar-Po 1 yme r  0 0 

Cau s t i c  F lood i ng 0 0 

---

Nationa l Total 8 , 3 8 0  9 , 7 5 0  
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TABLE X- 3 

OFFSHORE P RODUCTION - 1 9 7 9  BASE CASE 
( THOUSAND BARRELS PER DAY ) 

OFFSHORE REGION 1 9 7 5  LEVEL BASE CASE 

2A 
6A 

l lA 

OFFSHORE TOTAL 

2 2 0  
9 9 0  

0 

1 , 2 1 0  

X-5  

9 0  
1 , 3 5 0  

6 0  

1 , 5 0 0  



Tables  X-4  and X-5  show the quantity of  pol lutant emi s s ions ( see a l so Tables  C - 1 , C - 2 , C - 1 9 , and C - 2 0 ) , arrayed first  by 
NPC reg ion and second by technology . 

Note that the entr ies  in the tables  are identical , as  
the production estimate s fo r 1 9 7 5  and the 1 9 7 9  Base Case  
( Tables  VI - 2  and V I - 3 ) show all  steam- in j ection production 
in Reg ion 2 and a l l  in-s itu combustion in Reg ion 6 .  Carbon 
monoxide and hydrocarbon emi s s ions show a l arge increase 
( nearly doub l ing ) due to in- s itu produc tion . Reference to 
F igures J-3  and J-5  wi l l  show that a large part of NPC 
Reg ion 6 fal l s  into non-attainment areas for CO and oxidants . 
S ince CO problems ar i se  pr imar i ly  in urban centers at con
gested areas , the increases  due to o i l production , which 
would occur in remote areas , should  not be subj ect to con
straints set to meet NAAQS for CO . Hydrocarbon emi s s ions , 
on the other hand , could add to the reg ional burden and 
might be constrained under regulatory pol ic ie s  for non
attainment areas , which pol ic ie s  are currently be ing formu
lated . 

The national aggregate impact of  emis s ions from the 
tota l produc tion and consumption of petroleum production i s 
a neg l igible ( l e s s  than 1 percent ) frac tion of  the pro
duc tion and consumption of  a l l  energy forms . On a sma l ler 
reg ional scale , the petroleum-der ived emi s s ions  are also 
minor , with a s ingle  exception . S ul fur dioxide emi s s ions 
from petroleum production and consumption account for about 
10 percent of a l l  sul fur oxide emi s s ions in Reg ion 2 ( We s t  
Coast ) . 

4 .  Water Con sumption 

Recent studies have ind icated that de sp ite the high 
current level of  production a s sociated with waterf looding , 
future prospects for increased use of  the techn ique may be 
l imited . That i s ,  water flooding i s not expected to be used 
to any great extent under pric e  incentives where i t would  
not  have been used without the propos ed incentive s . One 
industry observer has noted that " opportunities  are dwindl ing 
rap id ly to add to domest ic supp l ies  from exi sting fields  by 
waterf lood . 11 1 Thi s near-saturation of  exi sting fie lds  by 
water flood ing has taken place because the techn ique was so 
economical  even at pr ices  of $ 3 . 0 0 per barrel of o i l , due to 

1T .  Ge ffen , " O i l  Production to Expect from Known Tech
no logy , " Oil and Gas Journal  (May 7 ,  19 7 3 ) . 
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TABLE X- 4 

A I R  POLLUTANT EMI S S I ONS BY REG I ON - 1 9 7 9  BASE CASE
a 

( TONS/DAY ) 

REG ION 
b 

PARTI CULATES NO 
x 

2 1 3 . 6  ( 1 4 . 4 ) 8 2 . 3  ( 8 7 . 1 )  

6 0 0 

NATI ONAL TOTAL 1 3 . 6  ( 1 4 . 4 )  8 2 . 3  ( 8 7 . 1 ) 

a l 9 7 5  value s shown in parenthe s e s . 

b . . . 1 1  h 
. 

Emi s s ions are zero in a o t  e r  region s . 

POLLUTANT 

s o  
x 

1 8 5  ( 1 9  6 )  

0 

1 8 5  ( 1 9  6 )  

HC co 

2 .  7 ( 2 . 9 )  0 . 5  ( 1 6 )  

1 2 . 7  ( 6 . 3 )  6 2 . 5 ( 3 1 . 2 ) 

-----·-

1 5 . 4  ( 9 . 2 )  6 3 . 0 1 ( 3 1 . 8 )  
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TABLE X- 5 

A I R  POLLUTANT EMI S S I ONS BY TECHNOLOGY - 1 9 7 9  BAS E CAS Ea 

( TONS/DAY ) 

POLLUTANT -

TECHNOLOGY PARTICULATES NO s o  
x x 

S t e am I n j e c t ion 1 3 . 6  ( 1 4 . 4 )  8 2 . 3  ( 8 7 . 1 )  1 8 5  ( 1 9 6 ) 2 . 7  

In- S i tu Com- 0 0 0 1 2 . 7  
bus tion 

--

TOTALS 1 3 . 6  ( 1 4 . 4 ) 8 2 . 3  ( 8 7 . 1 )  1 8 5  ( 1 9 6 ) 1 5 . 4 

a l 9 7 5  leve l s  in parenthe s e s . 

HC co 

( 2 .  9 )  0 . 5  ( 0 .  6 )  

6 2 . 5  ( 3 1 . 2 ) 

( 9 . 2 )  6 3 . 0  ( 3 1 . 8 )  



low water co s t . For examp le , in 1 9 6 5  a typ i c a l  Texas un i t  
p a i d  the We s t  Texas Mun i c ipal Wa t e r  Author i ty only 2 4  cents 
per thousand gal lons o f  freshwate r . As s umi ng a 2 0  to 1 
wa t e r  in j e c ted to oi l recovery ratio ( a  f a i rly typ i c a l  value 
in Texa s and Ok l ahoma ) , th i s  trans lates to a wate r c o s t  o f  
about 2 0  cents p e r  barrel  o f  oi l recovery . Th i s  l e d  to a 
recent s tudy ' s  conclus ion tha t  " th e  prospects that recent 
price r i s e s  wi l l  induce s i gn i f i cant increased re cove ry v i a  
conventional wa terf lood appear dim . " 

I t  i s  pro j e c ted that compo s i te national wate r- inten s i ve 
petroleum produc t i on wi l l  grow by approximately 1 6 . 5  percent 
b e tween 1 9 7 5  and Base Ca se in 1 9 7 9 .  On a regional bas i s , 
th i s  tran s l a�e s to about a 6 percent decre a s e  a long the Gu l f  
Co a s t  ( Re g ions 5 ,  6 and 6 A )  and an almo s t  5 0  pe rcent incre ase 
in Re gion 2 in the s e  enhanced-re covery operations . Wa te r 
use would , thu s , not appear to be a prob lem in the Gu l f  
Co a s t  are a . However , i t  appe ars that fre s hwater s upp l i e s  
al one wi l l  n o t  b e  able t o  mee t  a wa ter demand increase o f  
th i s  magni tude i n  Southern Ca l i forn i a  ( Re gi on 2 ) . Alte rnate 
water s ourc e s  wi l l  have to be uti l i z e d  to fac i l i tate s uch a 
g rowth in p roduc t ion . Lik e ly cand idates i n c l ude s a l ine 
aqu i fers and b r ine from othe r formati ons , s e awate r , and 
t rea te d s ewage e f f luen t . Wa ter supply should not be a 
s e rious problem i n  Ca l i forn i a , s i nce the ne arly 5 0  percent 
g rowth pro j ec ted occurs de s p i te a 1 0 , 0 0 0  barre l p e r  day drop 
in s team re cove ry operations wh i c h  p r e s e n t  the greate s t  
demand on f re s hwater . 

5 .  Wa ter Qua l i ty Imp ac ts 

Organ i c s  re leased in p roduc tion are con s i dered th e mos t  
s i gni f i c ant me asure o f  aggregated impact on water qual i ty . 
E s t imated emi s s i ons are shown i n  Tab l e s  X- 6 and X- 7 .  The 
ma j o r  po tential  prob lem areas l i e  in the Gu l f  Coa s t , b o th 
o f f s hore ( Region 6 A )  and onshore ( Re g ion 6 ) . Muc h  o f  the 
c ountry s hows a de c l ine in orgran i c  emi s s ions due to de c l i n ing 
convent ional p roduc tion in many of the in te r i o r  o i l  provinces . 
On s hore p o l lution s hows an i n c r e a s e  in Ca l i f orni a . The 
increased onshore activity could b r ing about an incre as e  in 
the numbe r of we l l  fai l ures and subs equent groundwat e r  con
tamination . Ca l i forn i a  i s  very dependent on i t s  groundwater 
s up p l i e s  and much of the produc tion would take p l ace near 
ma j o r uncon s o l ida ted aqui fers . ( S e e Appendix J . ) 

2
Mathema t i c a , Inc . , The Es timated Re cove ry Poten t i al o f  

Conventional Source Dome s t i c  Crude O i l , f o r  the U . S .  Envi ron
mental Protection Age ncy , May 1 9 7 5 ,  pp . 8 8 - 8 9 . 
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REGION 

North S lope 
1 
2 
2A 
3 
4 
5 
6 
6A 
7 

8 - 9 - 1 0  
1 1  
l lA 

TABLE X- 6 

WATER POLLUTION EMIS S I ONS  ( ORGANICS ) 
BY REGION - 1 9 7 9  BASE CASE ( TONS/DAY ) 

1 9 7 5  LEVELS 1 9 7 9 BASE 

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

2 5 . 0  3 4 . 2  
2 . 1  1 . 5  
0 . 6 0 .  5 
0 . 3  0 .  3 
0 1 . 5  

National Tota l 5 5 . 8 6 4 . 7  

X-1 0  
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TABLE X- 7 

WATER POLLUTION EMI SS I ONS BY TECHNOLOGY - 1 9 7 9  BASE CASE 
( TONS/DAY ) 

TECHNOLOGY 1 9 7 5  LEVELS 1 9 7 9  BASE CASE 

O f f  s hore 3 5 . 4  4 1 . 0  

On shore 1 9 . 6  2 3 . l  

S team I n j ection 0 . 5  0 . 5  

I n - s i tu Combu stion · 1a n i  n i l  

co
2 /Mi s c ib l e  0 . 2 n i l  

Mic e l lar-Polymer 0 0 

Caustic F l ooding 0 0 

TOTAL 5 5 . 8  6 4 . 7  

a 
Le s s  than 1 ton/day .  
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Table X- 7 shows that conventional production technique s ,  
both off shore and onshore , are by far the dominant contribu
tors to potential  water qua l i ty impacts . 

The Base  Case  f igures  ( Table X-1 ) indica te a sub s tant ial  
dec l ine from 1 9 7 5  in o f f shore Pac i fic  production , from 2 2 0 , 0 0 0  
barre l s  per day down to 9 0 , 0 0 0  barrels  per day . Thi s wi ll  
decrease the probabi l i ty of  marine spi l l s , such a s  the Santa 
Barbara " blowout " in 1 9 6 9 . Thi s may have some bene fic ial  soc io
economic implicat ion s ,  such a s  improving conditions for com
merc ial  f i sh and she l l f i sh populations , endangered spec i e s  
which inhabi t  the coa s ta l  we tland s , and recreational beache s ,  
f i shing , and hunting terr i tori e s . 

6 .  Soc ioeconomic Factors 

The maj or socioeconomic  con sequence of No Action ( Base  
Case ) wou ld be a s l ight  gro·wth in  emp loyme nt due to the increase  
i n  productior

i 
by about 1 6  percent re lative to 1 9 7 5  leve l s . No 

strong reg ional trends are indicated by the production e stimates  
( Table X- 1 ) . Offshore dec l ine s in Cali fornia  would be offset  
by increases  in  on shore produc tion , si nce d i sp lacement of  
worker s  would occur . 

In  ab so lute terms , the 2 1  percent increa se in to ta l pro 
duction i n  the P ac i f i c  Region over 1 9 7 5 i s  expec ted to increase  
employment , but s ince petroleum and ga s pre sently account for 
only 0 . 1 5 percent of the region ' s  emp loyment , the impac t  on 
the region as a who le wi l l  be mi nor . 
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B .  Immed iate Dec ontro l 

There are no economic or technolog ical barriers  to 
immed iate decontrol , but current legis lation prec ludes thi s  
cour se . Future legislation could , of  course , change th i s  
s itua tion dramatically . 

For old wel l s , immediate decontro l would remove exis ting 
inc entives to de fer produc tion . As a result , output from 
o ld wel l s  would be greater in the 1 9 7 6 - 7 9  period and lower 
in the 5 to 10 years thereafter than it  would be with con
tinued pr ice contro l s  through 1 9 7 9 . Of cours e ,  a permanent 
price control program would also remove the incentive to 
defer production . 

Inve stment in s econdary recovery at o ld we l l s  would be 
stimulated . Terti ary recovery would be stimulated relative 
to the Base  Case  or to any of the pr ic ing inc entives wh ich  
do  not  a l low tertiary output to  sell  at the market pr ic e . 

There would probably be l i ttle e f fect on production 
from exi sting upper tier we l l s  because the exis ting upper  
tier price i s  a lready more than enough to  cover produc tion 
costs . I nve stment in exploration and deve lopment activities  
would be  s l ight ly s t imulated by the immediate real  price  
increase  from S l l . 3 0 to  $ 1 2 . 0 0 .  But relative to decontro l in 1 9 7 9 , a po l icy of  immediate decontro l would have l i ttle  
ef fect on  long-run output from new di scoveries . 

Table  VI - 2 0 , above , shows that immed iate decontrol mi ght 
s timulate produc tion o f  1 0 . 6 8 mi l l ion barre l s  o f  o i l  per day in 
1 9 7 9 . This  i s  10 percent greater than the Bas e Case , but only 
0 . 5  percent greater than the best pric ing alternat ive ( 1 0 . 6 3 
mi l l ion barrels  per day in case  I IC , I I IA ) . Furthermore , it  i s 
only  1 0 , 0 0 0  barrels  per day ( 0 . 1  percent ) greater than the best  
combination of  al ternative s , I I IB , C , D ,  I IC . Be fore and a fter 
1 9 7 9 , immedi ate decontrol would exhib it even l e s s  differences 
unt i l by 1 9 8 5  the di fferenc es  would be e s s entia l ly nil . 
S imi lar ly , the differences in demand for petro leum produc ts 
wi l l  be sma l l  in 1 9 7 9  and nil  by 1 9 8 5  ( s ee S ec tion VI . B ) . 
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C .  Inst itut ional ( Federa l )  E ncouragement of  Enhanced Oi l 
Recovery ( EOR )  

It  i s entirely feas ible  for the Energy Res earch and 
Deve lopment Agency to subs tant ially  increase its R&D of en
hanced o i l recovery ( EOR) . The chie f  method for Federal 
encouragement of  EOR would be Federal funding of R&D . The 
proper compar i son i s with pr ivate funding of R&D . Unde r 
e i ther method , EOR wi l l  be used to the po int where i ts mar
ginal  cost  equal s  the price  of the o i l produced . But  under 
pr ivate fund ing of R&D , marg inal  cost  wi l l  inc lude the co st  
of R&D , whereas under Federal funding it wi l l  exc lude R&D  
co sts . Thus , Federal fund ing wi l l  induce more EOR than pri 
vate funding . 

ERDA res earch i s geared toward lower ing the techno log i 
cal  and economic barr iers  that l imit a pro fit max imi z ing firm ' s  
exp lo itation of the se  re servo irs . Pub l icly sponsored res earch 
could help reduce some of the uncerta inty involved in a pr i 
vate venture and ul timate ly he lp inve stment in th is area com
pare favorably with other investment opportunities  ava i lable 
to industry firms . At pre s ent , given the large init ial  cap ital 
outlays and severely di scounted , uncerta in ,  and far-d i stant 
future returns , pr ivate indus try ' s  compar i son of the expected 
ne t pre sent va lue of EOR inves tments generally compare unfa
vorab ly with alternate inve stments .  Thus , the goa l of  publ ic ly 
funded EOR R&D has the e f fect  of  inf luenc ing the s e  expected 
ne t  present value compar i sons . 

The mechani sm by which EOR inve s tments can be made rela
t ively more attrac tive i s ERDA ' s  furthering of  technolog ie s  
that are not only more e f f ic i ent but also  more predic tabl e  
and that decrease the amount of  t ime inve s tment cap ital i s 
tied up before real i z ing return s . I n  so do ing , ERDA research 
could favorably  inf luence ri sk d i scounted expec ted net pre sent 
value compari sons of inve s tment opportunitie s . In  add it ion , 
ERDA R&D program could s tudy methods of  reduc ing non-tech
nical  barr iers to increased inve s tment atractivene s s , inc luding 
environmental re strictions , market imbalance s ,  and bottle
necks in supply mater ial  marke t s . 

A spec i f ic ERDA R&D program has been de s igned and costed 
for the var ious EOR proce s se s  ( steam dr ive , in-s itu combus 
tion , carbon dioxide mi sc ible , s urfac tant/po lymer and water
flood ing ) . 1 Potenti al product ion est imates  from the ERDA R & D  

1Lewin and As soc iates Inc . ,  Re search and Deve lopment in 
Enhanced Oi l Recovery , F inal Report , Part 1 ,  for U . S .  Ene rgy 
�es earch and Deve lopment Admini strat ion , December 1 9 7 6 .  
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program we re made under the as s umptions o f  upper tier p r i c e s  
and current tax provi s i ons ( the S tandard Economi c s  Cas e ) . Due 
to large unce r tainti e s  involved with p roduc tion changes attri
b utab le to the prog ram , e s tima tes wer e  di s counted by a factor 
based on an expecta tion of program succe s s  for each program . 
Figure X- 1 i l l u s trate s expec ted dai ly produc ti on rate s f rom 
the var ious proce s se s  as inf luenced by the proposed ERDA pro
gram through 1 9 9 5 , whi le F i gure X- 2 presents expec ted s timulated 
cumulative produc tion . ( I ndus try Ba s e  Case i l lus trates pro
duc tivity in the absence of ERDA f unded R& D ,  and e ach l ine i n  
b o th f igur e s  i s  summed to the next lower l i ne . )  

Whi le the ul timate addi tional recovery due to the ERDA pro 
grams i s  expec ted to be 1 4 . 3  b i l l i on barre l s , the f i gure s  i l lu
s trate that the bulk of tha t inc r e a s e  comes a f te r  1 9 8 5 .  None 
the le s s , by 1 9 7 9 , total da i ly produc tion f rom the var ious pro
c e s s e s  is more than doub led by the s timul a tion . By 1 9 8 5 , tota l 
dai ly p roduc tion i s  increased by more than 1 5 0  percent f rom ap
proximate ly 6 0 0 , 0 0 0  barre l s  pe r day to 1 , 6 0 0 , 0 0 0  barr e l s  per day . 
C umu lative recovery by 1 9 8 5  incr e a s e s  by approxima tely 1 0 0  per
cent over produc tion in the absence of s timulation . Changes in 
p r i ce and tax a s sumptions can augment the s t imu lat ive power o f . 
the ERDA R&D pro grams , but the va s t  ma j or i ty o f  devi ation f rom 
the path predic ted under the s tandard economi c s  as sump tions 
comes a f ter 1 9 8 5  with v i r tua l ly no deviation by 1 9 7 9 . 

C l early , s igni f i cant increa s e s  in EOR can be r e a l i zed 
through pub l i c  f unding o f  R& D .  A c o s t - e f fective E RDA program 
is shown to produc e  dramatic r e s u l t s  by 1 9 8 5 , wi th even more 
s igni f icant s timulation ove r longer time hor i zons . 

F rom an environmental impact po int o f  view , the s ucce s s  o f  
an ERDA program would lead to greater impac ts f rom s team inj ec
tion p ro j e c ts than wou ld any of  the p r i c ing opti ons examined . 
F i gure X- 1 shows an incremen t o f  ne arly 3 0 0 , 0 0 0  bb l/day in 1 9 7 9 . 
Th i s  s hould be compared to the greate s t  increment o f  2 1 0 , 0 0 0  b b l /  
day f o r  the options invo lving thi rd s tage c a s e s  I I IA and I I I B . 
The r e s ul ting r e s idua l s  generation i s  given in Tab le X- 8 ,  com
pared to the p r ic i ng s c enario r e s u l ts . All  impacts  would occur 
i n  Cal i fornia , s o  only Region 2 appears in the tab le . 

I n f luence on C0 2 p ro j ects would be cons i de rab ly l e s s  and 
would be l e s s  than the incremental e f fects  of mo s t  o f  the 
p r i c ing options . Only the Ba s e  Case , opti on I IA ,  and options 
I I C ,  I I I C and I I C ,  I I ID are approximately the s ame . The produc
tion l eve l s  of r ema ining case s range from about 3 to 1 0  time s 
greater than tha t expec ted through R&D e f forts . R&D , a s  shown 
in F i gure X- 1 ,  i s  no t expec ted to produc e any s igni f i cant 
incrementa l produc tion , through 1 9 7 9 ,  from in- s i tu , po lyme r ,  or 
mice l l ar/po lyme r techn ique s . 
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D .  F ederal Leas ing 

Dome s t ic output c an b e  i n f l uenced by mod i fy ing both the 
rate of F ed e r a l  l e a s ing and environmental bar r ie r s  to leas ing . 

The Inter ior Departmen t ' s proc edure for a l e a s e  s a l e  i s  a 
complex s equence o f  event s . The procedure requ i re s : 

• C a l l ing for nomi nations and corrunents 

• S e l ec ting the tract 

• Writ ing a d ra f t  environmental impac t s t ateme nt 

• Holding pub l ic hear ings 

• P repar ing a f inal environmental impac t s ta tement 

• Reach ing a f inal s a l e/no sale dec i s ion 

• Conduc t ing the actual s a l e  

The Bureau o f  Land Management ( BLM , the D epartment o f  
I nter ior ' s  leas ing arm) e s t imates o f  the t ime i nvo lved in th i s  
procedure are i l lus trated i n  F igure X - 3 . BLM further notes 
that it o f ten take s a t  l e a s t  2 years from the t ime of the s a l e  
t o  b e g i n  produc t ion , and can , in some c a s e s , take mor e  than 
5 year s to r e a l i z e  produc t ion . For examp l e , o f f s hore leas e s , 
which are i s sued for a 5 -year per iod , have been frequently 
renewed b e fore p roduc t ion actua l ly has begun . Early t h i s  
year Inter ior S ec retary Andrus r epor ted that there w e r e  approx i 
ma tely 6 0  non-produc ing l eas e s  i n  the Gul f  area alone tha t 
held s uch exten s ions . 

B a s ed on t imetab le e s t imat e s  s imilar to the one p r e s ented 
above , the BLM fo rmul ates p lanning schedule s fo r l e a s e  s a l e s . 
The p ropo s ed OCS p lanning schedule through 1 9 8 1  ( a s  o f  �ugus t _  
1 9 7 7 ) i s  shown i n  F i gure X - 4 . This  p lan , however , re f le c t s  
a " b e s t-cas e "  ana lys i s  mor e  than expec ted t ime table s . T h i s  
s c hedu le i s  actua l ly a downward r ev i s ion o f  a June 1 9 7 5  ver s io n  
Increa s ed pub l i c  r e s i s tctnce to 
s a le s  force·d B Li'-'1 ·to po s tpone s everal Alas Kan s a l e s  beyond 1 9 81 
and lengthen the budge ted time for other Alas kan s a l e s . S ev
eral o ther propo s ed s a l e s  are expec t ed to me e t  with con s iderable 
oppo s it ion and thus be de layed . After the cour t ' s  dec i s ion 
to vo id the B a l t imo r e  C anyon l e a s e  s a l e  early th i s  year , I n 
terior S ec r e tary Andrus anno unc ed p l an s  t o  f irm u p  environ
mental review procedures . I n  l i ght o f  the incre a s ed t ime 
me re s tr ingent rev i ew wo uld invo lve , BLM is c urrently r e v i s ing 
the OC S p lanning schedule again . 
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I t  i s  un l ik e ly that any s i gn i f icant speed-up in the 
proce s s  f rom nomi nation to s a le can be imp lemented . Trends 
are runn ing s trongly in the oppo s i te direction . In November 
1 9 7 6 , the U . S . Geological Survey in an e ffort to p romote 
" greater d i l igence in . . .  development and product ion " mod i f ied 
its regulations for extending o f f shore l e a s e s . S e cre tary 
Andrus early th i s  year empane l led a committee to revi ew non
productive lease extens ions , and further tightening o f  
r enewal s tandards could conc e i vab ly provide a s trong i ncen
t ive for more rap id exp loitation o f  l e a s ed areas . I t  i s  
un l i k e ly , however , tha t ma j or produc tion s pe ed-up can b e  
r e a l i z ed by 1 9 8 5 ,  and vi r tua l ly impo s s ib l e  b y  1 9 7 9 . 

I n  l i ght o f  the improbabi l i ty o f  s igni f i c ant changes in 
the leas ing prob lem , no environmental impact re lat ive to 
that expected under current p l an s  wou ld be exerted through 
1 9 7 9 . I f , for rea sons unknown at thi s  t ime , thi s  program i s  
speeded up , the e f f e c t s  wou ld be increased o f f s hore p roduc tion 
and a s s o c i a ted impac t s . 

Un l ike pric ing po l i c ie s , acc e lerated OCS l e as ing w i l l  
produce broad- s ca le qua l i tative imp acts . P r i c ing po l i cy 
options wi ll result ma inly in margina l changes in rates o f  
produc tion and as soc iated impac ts a t  e x i s t ing f a c i l i t i e s . 
New o f f shore l e a s e s , on the other hand , mean the introduction 
of activities and resultant impacts to new areas . No quant i 
t a t ive e s t ima te s o f  the s e  impacts c an be made a t  p r e s ent , 
but the new and increased activi t i e s  and e f f e c t s  can be 
de scribed in gener al terms . 

Increased o f f shore production means an increase in con
s truc tion and operation o f  o f fs hore f ac i l i t i e s . D i r e c t  
e f f ects o f  th i s  act ivity inc lude prob l ems o f  b r i n e  dis charge s , 
as di s cus sed in S e ction IV . 3 ,  local ecologi c a l  d i s rupt ions , 
r e s tr i ction o f  other activi t i e s  i n  the surrounding wa ters , 
increased water tra f f i c  and increased probab i l i ty o f  o i l  
s p i l l s . Human activities  may be a f f ected by the s e  impacts 
in a number of way s . 

Sh ipp ing and navi gat ion may be nega tively a ff e c ted by 
construction and exploration activi t i e s . P l a t f orms and 
increased irregular tra f f ic may increase co l l i s i on rates and 
reduce ves sel maneuverab i l i ty . Env ironmenta l impacts o f  
such col l i s ions inc lude o i l  s p i l l s , release o f  debr i s , human 
inj ur i e s , and pos s ib ly release o f  toxi c  cargoes . Add it ional 
navigation ha zards wou ld be posed by f loating trash f rom the 
p l a t f orms . 

Commer c i a l  f i sher ies  may be advers e ly a f f e c ted by any 
dama ge to f i sh pop u lations , by r e s t r i ct ion o f  maneuve rab i l ity 
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and ac c e s s  to portions o f  f i shing grounds re sult ing from 
construction . A l so , potential d i s rupt ion of the ocean 
bottom may hinder dredging and trawl ing . Exposur e  to o i l  
s p i l l s  may a f fe c t  f i sh larvae and egg s , and she l l f ish , al l 
o f  which are unable to avo id contaminated wa ter . Near shore 
populations would be more a f f ec ted than tho s e  far o f f shore . 
D i s charge o f  format ion waters , which contain low leve l s  o f  
hydro carbons , could have a var iety o f  sub letha l tox ic e f fec t s . 
D i scharge o f  dr i l l  cutt ings and muds are expected to have a 
minima l impac t ,  except in the immed iate area o f  dis charge . l 

Sport f i s h ing wi l l  probably be bene f i ted by the a r t i 
f ic ia l  ree f e f f e c t  o f  plat fo rms . Loc al d i s rup t ions may 
occur in the event o f  an o i l  s p i l l , but no long-term adver s e  
e f fects  a r e  l ikely . 2 

I f  p ipe l in e s  are l a id through areas fouled by 
ocean dump ing , toxic mate r ia l s  and non - toxic sediments may 
be resuspended unt il the p ip e - l ay ing i s  comp l eted . 

O f f  s hore and onshore archaeo logical and h i s to r i cal 
s i tes  may be damaged or de s troyed dur ing construc t ion , 
dr i l l ing , and pipe-laying . O i l  s p i l l s  can damage such s i te s  
and inter f e re with radioc arbon dating . 

Mining o f  ocean s and and grave l , which i s  l ikely to 
deve lop mor e  in the coming years , wi l l  be imp a i r ed by 
cons truc tion of plat forms and p i p e l i n e s , and by s p i l l s , 
wh ich wi l l  r emove certain areas from cons ideration . 

Onsho r e  e f fects o f  o f f  shore o i l  deve lopment inc l ude 
direct envi ronmental impac ts , and direct and ind i rect soc io
economic impac t s . A var i ety of act ivi t i e s  would be s t imul ated 
in the on shore r egions ad j acent to the o f f shore fac i l i t ie s , 
resulting in economic and population expans ion . The greate s t  
changes would be in cons truc t ion and pr ivate inve s tment . 3 

Bo th pos itive and negat ive impac t s  would r e s u l t . 

Suppo rting indu s t r i e s  which might b e  expanded o r  e s tab
l i s hed to accommodate o f f  shore o i l  produc t ion inc lude 

1u . s .  Department of I nterior , Draft Env i ronmental S tate
ment , Propo sed 1 9 7 7  OCS O i l and Gas Lea s e  Sale O f f s ho re the 
Nor th Atlantic S tates , OCS S al e  No . 4 2 , 1 9 7 6 , p .  8 6 2 . 

2
u . s .  Department o f  Inte r io r , P ropo s ed 1 9 7 7  OCS O i l  and 

Gas Lea s e  S ale O f f shore the North Atlantic S tates , OCS S a le 
No . 4 2 , p .  8 8 5 . 

3
u . s .  Department o f  Interior , P ropo s ed 1 9 7 7 OCS O i l  and 

Gas Lea s e  S a le O f f s hore the Nor th Atlant ic S tates , OCS S ale 
No . 4 2 , p .  8 9 7 . 
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r e f inerie s ,  gas  proc e s s ing p l ant s , p ip e l ine i n s ta l lation , 
and other transportat ion sys tems . A popul a t ion i n f l ux w i l l  
probab ly occur r e s u l t ing in expans ion o f  services s uch a s  
ut i l i t i e s , s an i ta t ion , retai l s tore s , pub l i c  admi n i s tration , 
and ma s s  transport . Rea l location o f  capital to the expanding 
area would occur . All phases  o f  cons tru c t ion would probably 
be s t imulated , to meet the need s  of an increas ing popu lation . 

Land u s e  would be a f fected both by the need for space 
for s upport fac i l i t i e s  and by the add i t ional needs o f  the 
population . I n  many c a s e s , confl icts wi l l  ar i s e  betwe en the 
two . Re zoning may be neces sary to acconunodate o i l  produc tion 
and re lated activi t ie s , a s  con s iderable space i s  required 
for an on s hore operations base , gas proc e s s ing p l ant s , p ipe
l ine term i n a l s  and s torage areas , onshore p ip e l ines and 
corridors , p ipecoating yards , plat form cons truc t ion yards , 
support s e rv i c e  compani e s , and re f ineri e s . Whe ther new 
ref iner i e s  are bui l t  or e x i s ting fac i l i t i e s  e xp anded would 
depend in part on the location of the demand for ref ined 
products . 

Fac i l i t i e s  for tankers would gener a l ly be located i n  
ports already able t o  ac comodate the s e  ve s s e l s , but the 
add i t ional activity may s t i l l  prove a s train . S ince sma l ler 
tankers are used for dome s t i c  tran sport than for foreign 
s h ipments , the to tal  vo lume o f  local tanker tra f f i c  w i l l  
increas e .  Comme r c i a l  f i shing ve s s e l s  may f i nd them s e lves in 
compet i t ion with o i l  produc tion servic ing ve s s e l s  for port 
berthing fac i l i t ie s , even in ports whi c h  do no t rece ive 
tanker s . Adve r s e  e f f e c t s  on commerc i a l  f i sher i e s  wo uld in 
turn adver s e ly a f f e c t  the e conomy o f  the port area . 

Rec reat ional activ i t i e s  may a l s o s u f fer from competi t ion 
for l and w i th OC S onshore fac i l i t i e s  and with res ide n t i a l  
demands . Add i t ional impa i rment o f  recreational a r e a s  may 
result from s p i l l s  and p ip e l ine seeps . The s e  events wo uld 
damage and po s s ibly e l iminate swinuni ng areas , bo ating areas , 
and f i shing . Aesthetic degradation could further a f fe c t  
camp ing and h i k ing areas . S uch degradation inc l ude s the 
v i s ib i l e  e f f e c t s  of s torage fac i l i t i e s , p ip e l i n e s  and 
re f inerie s ,  so i l ing by s p i l l s  and a i r  po l l ution , and no i s e  
from cons truct ion and operat ion . 

E f f e c t s  on the natur al envi ronment would ar i s e  prima r i ly 
from d i sruptions  c aused by cons truc t ion , and damage from o i l  
sp i l l s . Wa ter qua l i ty may be adve r s e l y  af fec ted by runo f f  from 
on shore con s truction , wh l c h  wo uld inc rease turbidity and 
s i l tation . Gas proces s ing and o i l  r e f ining would bo th 
impo s e  add i t ional burdens on local water s uppl i e s , and could 
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a l s o  reduce air qua l i ty . Air qua l i ty could further be 
impa ired by the increased use o f  mo tor vehic l e s , e l ec t r i c i ty , 
hea t ing fue l , and s ervice s ,  a s soc iated with popula t ion ex
pan s ion . 
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CHAPTER XI  

I RREVERS IBLE AND IRRETRI EVABLE COMMITMENT OF  RESOURCES 

The goa l of  the pr ic ing actions -- to stimul ate the 
explorat ion and product ion of c rude oi l -- repres ents a one
way , i rrevers ible  proce s s . Once a s ite g ives up i ts re serve , i t c an never be so used aga in .  And once the energy content 
of  the oi l i s consumed , it i s los t  to s ub sequent reus e . 

According to a 19 7 5  report , the Nat ional Ocean Pol icy 
Study ( NOPS ) , from the Senate Commi ttee on Commerce , " the 
appropriate rate for the development of dome s tic resources  
i s dependent upon which est imates  [ of  total  Uni ted S tates  
o i l ]  are  correc t . " l If  the op timi stic ,  or high , e s t imates  
are  val id ,  says  the report , then dome st ic re serve s can be  
deve loped full  speed ahead , con fident that more long -term 
and perhaps renewable  sourc es of energy can be deve loped in 
time . But i f the pess imi stic ,  low est imate s are correc t ,  
then government needs to p lace curb s  on energy demand , to 
speed deve lopment of a lternative energy source s ,  and to 
l imit dome st ic o i l production " be low the maximum e f f ici ent 
rate . " 

Howeve r ,  as  shown in Table  XI- 1 ,  the greate st  pos s ib le 
di f ferenc e in l eve l s  of  production in 1 9 7 9  i s between the 
Base Case  and immediate decontrol .  I f  that di f fe rence ( 9 3 0 , 0 0 0  barre l s  per day ) i s maintained from 1 9 7 6  unti l 1 9 8 5  (which overe st imates  the e f fects o f  the po l ic i es because 
1 9 7 9  repres ents the po int in time of  large s t  divergence ) then 
the cumulative di f ference i s l e s s  than 3 . 4  b i l l ion barrels  ( 9 3 0 , 0 0 0  x 3 6 5  x 1 0 )  or  9 months of supply at  the 1 9 8 5  rate 
of 1 2 . 2 1 mi l l ion barre l s  per day . Thi s i s we l l  within the 
uncertainty of re serve leve l s  in terms of years of production 
rema ining . 

In addition , the prob lem of  early dep letion o f  dome s t ic 
oi l res erve s i s at least  parti a l ly offset  by the s ame pric ing 
po l ic ies . Though total absolute oi l - in-place i s fixed , proved 
reserve s and recoverable  re serve s vary with price  ( and other 
factors ) .  The pr ic ing pol ic ies  s t imu late both enhanc ed 
recovery techn ique s and new explorat ion whi ch wi l l , in turn , 

l , h Decora. Shapley , 
' Exhau s t ion ' , " Sci ence 

" Senate S tudy Predi cts  U . S .  Oi l 
(Marc h 2 1 , 1 9 7 5 ) . 
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TABLE X I - 1  

DOME S T I C  O I L  P RODUCTI ON UNDER VARIOUS P R I C I NG 
ALTE RNATIVES , 1 9 7 9  AND 1 9 8 5  

(Mi l l ions o f  Barre l s  P e r  Day ) 

C RUDE P RI CE OPT I ON 1 9 7 5  1 9 7 9
1 

Base C a s e  8 . 3 8 9 . 7 5 

S tage I IA 1 0 . 4 6 
I I B  1 0 . 4 7 
I I C 1 0 . 3 8 

S tage I IA ,  I I IA 1 0 . 5 3 
I IB , I I IA 1 0 . 4 7 
I I C , I I I A 1 0 . 6 3 

I IA ,  I I I B  1 0 . 4 7 
I I B , I I IB 1 0 . 4 0 
I IC ,  I I IB 1 0 . 5 8 

I IA ,  I I I C  1 0 . 4 9 
I IB ,  I I I C  1 0 . 5 0 
I I C ,  I I I C  1 0 . 4 0 

I IA ,  I I I D  1 0 . 4 8 
I IB , I I I D  1 0 . 4 9 
I I C ,  I I I D 1 0 . 4 0 

I I IA , C , D ,  I I C 1 0 . 6 7 

Decontrol ( in 1 9 7 6 )  1 0 . 6 8 

1 
I n c l ude 1 . 4 2 Al a s k an Nor th S lope and 0 . 2 0 NPR- 1 . 
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1 9 8 5
1 

1 2 . 2 1 

1 2 . 2 1 
1 2 . 2 1 
1 2 . 2 1 

1 2 . 2 1 
1 2 . 2 1 
1 2 . 2 1 

1 2 . 2 1 
1 2 . 2 1 
1 2 . 2 1 

1 2 . 2 1 
1 2 . 2 1 
1 2 . 2 1 

1 2 . 2 1 
1 2 . 2 1 
1 2 . 2 1 

1 2 . 2 1 
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increase leve l s  o f  recove rab le and proved res e rve s . The 
i s s ue o f  e a r l i e r  depletion of o i l  unde r the al ternatives 
s hould n o t  be a factor . 

To the extent that freshwater i s  used to a i d  o i l  
re covery i t  i s  l o s t  to othe r purpo s e s . Fo r the mos t  part 
i t s use c an and wi l l  be avo ided , but some at le a s t  wi l l  
probab ly be requ i re d  for s team in j e c tion , largely i n  Ca l i 
forn i a . S t i l l  ( a s shown i n  Sec t i on V I I . A . 3 ) , wo r s t  c a s e  
e s t imates indicate that s l i ghtly more than o n e  mi l l ion 
barre ls of wa ter per day may be used . Th i s  s l i gh t ly les s 
than 5 0 , 0 0 0  acre- feet per year i s  sma l l  compared to the some 
1 5  mi l l i on acre- feet pumpe d  annua l ly from ground waters o f  
C a l i forn i a . 
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CHAPTER XI I 

RELATI ONSHIP  BETWEEN SHORT-TERM 
USES OF MAN ' S  ENVI RONMENT AND THE 

MAINTENANCE OF LONG-TERM PRODUCT IVI TY 

The impact o f  o i l production activi tie s  on the environ-
ment are for the mo st  part short term as defi ned by the typical  
l i fetime o f  an  o i l production pro j ect  ( ranging from 2 0  to  3 0  ye? r s ) . 
When we ighed aga inst  the substantial  bene fi ts  o f  o i l as  an enerc � 
source , they appear to be o f  minor importance , espec ia l ly when 
a l l  the precautions  avai lable to producer s  are taken . However , 
i t should be real i zed that the use  o f  o i l i s a l so short term , 
al though it may bridge the gap to advanced energy-producing 
techno logie s . 

The water demand s of  secondary and tertiary recove ry in ar id 
reg ion s ,  in parti cular for steam f looding pro j ects  in Cal i forn ia ,  
may pose  a short-term demand on loca l water supp li e s . In  genera l ,  
however ,  suff ic ient produced water and salt  wate r makeup i s 
ava i lable . S til l ,  the wa stewaters  produced by the operation 
might contaminate surface and ground wa ters . When the . pro j ect  
ends , local  wa ter re source s  are  app l ied to  other uses  and po l lutants 
no longer enter the streams , although pol luted water s  may require 
many year s to purge themse lve s of  the ir load s . S ince water i s a 
renewable  re source , i ts  avai labi l i ty in the long term should not 
be j eopardi zed . 

The air-po l luting e f fects  o f  o i l recovery are not severe and 
are l imi ted to the duration of  the pro j ect . The re fore , the long
term productivi ty of  a ir as a re source wi l l  be maintained . 

Di sruption o f  the land , and change s in loca l  land use , may 
l a s t  only a s  long a s  a given we l l  i s produc tive . Wi thout ter
t iary recovery , the average duration of  the proce s s  i s 2 0  to 3 0  
year s .  I n  some areas  another 2 0  years  might be required , i f 
restoration began immediate ly after depletion , for the total  
revegetation o f  the area . The implementation of  tertiary recov
ery , in mo st case s , would remove l i ttle addit ional land for other 
use s , but would extend the l i fe of  the we l l  and thus would de lay 
restoration of  the land . I t s  long -term productivi ty , however ,  i s 
maintained with rec lamation . 

The mo st  we l l -known environmenta l  impact o f  o f f shore o i l 
recovery i s the e f fect  of  o i l sp i l l s . The se are l imited to the 
durat ion of the pro j ect . Because of increasing awarene s s  and 
concern , tighter contro l s  on offshore r ig s  and transportation 
s ystems have been imposed to l imi t the numbe r of  sp i l l s  and 
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volume o f  o i l  s p i l led . The s i tuation has improved cons iderably 
over the year s , but o i l  s pi l l s  continue to threaten e sp e c i a l l y  
l o c a l  environment s , and the ir e f fe c t  should n o t  be over looked . 
But , excep t for the po s s i b i l i ty o f  dramatic reduc tions in biota 
tha t may be caused by chron ic o r  accidental re l e a s e s  o f  o i l , the 
resource s s hould regenerate over the long term and the i r  produc 
t iv i ty be ma intained . 
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CHAPTER XI I I  

CONS I DERATIONS OFFSETTING THE ADVE RSE ENVI RONMENTAL 
IMPACTS OF THE PROPOSED ACT I ON 

The empha s i s  o f  the p r i c e  i ncentive s on tertiary recovery 
should permit more e f f ic ient uti l i z a tion o f  re source s .  Some o f  
the o i l  usua l ly l e f t  in the ground a f ter primary and se condary 
re covery ( some time s two -thirds of the res ervo i r ' s o i l ) may now be 
tapped . Thi s not only carr i e s  i t s  own direct economic advantage s ,  
but e f fec tive ly extends the p o s i t ive " secondary '' economic e f fects 
a s  we ll . Local economies  that are dominated or s igni f i c antly 
i n f luenced by crude oil  produc tion are obvious bene f ic iari e s . 

Furthermore , price incre a s e s  i n  o i l  wi l l  st imu late energy 
conservati on . As a r e s u l t  of recent p r i c e  increa s e s , o i l  con
sump tion in thi s country is dropp ing . The use o f  petro leum 
overa l l  f e l l  1 . 9 percent in 1 9 7 5 ,  and the Ame rican P e troleum 
I n s ti tute repor ted an 8 . 9  percent decrease in the demand for 
r e f inerie s '  produc t s . 

De spite the fact tha t total pe troleum u s e  f e l l , net crude 
o i l  imports increased 1 5 . 1  percent in 1 9 7 5  and o i l  continued to 
be Amer ica ' s  larg e s t  energy source ( supp lying 4 6  percent of total 
e nergy ) . The United S tate s i s  not only s t i l l  vu lnerable to an 
o i l  embargo , but is perhap s mo re vu lnerable than i n  1 9 7 3 . 
Thirty- seven percent o f  imports come s from Arab members  o f  OPEC 
( a l l  OPEC countr i e s  toge ther supp ly us with 8 2  percent of our 
impor ts ) .  Thus , the s hi f t  toward more dome stic product ion o f  
crude o i l  should reduce the degree o f  contro l that o ther coun
t r i e s  may exerc i se . 
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APPEND IX A 

IMPACTS OF T RACE METALS AND HYDROCARBONS 
D I SCHARGED INTO COASTAL WATERS 

The principal c aus e for concern regarding the d i s charge 
of o i l f i e l d  brine s into co a s t a l  waters i s  the met a l s and o i l  
hydro carbons pre s ent in trace quant i t i e s . Trace me tal s 
pre sent in o i l f ie ld br ine s inc l ud e  ar s en i c , c admium , chromium , 
coppe r , l e ad , mer cury , n i c ke l , s i lver , and z inc . Tab l e  A-1  
( pre s ented above a s  Table IV- 8 ) pre s ents the concentrations 

of the se me t a l s  as mea s ured in o i l f i e ld br ine s in var ious 
geogr aphi c a l  region s . Also inc l uded in Tab l e  A-1  are the 
s e awater concentra tions of the s e  me ta l s , the i r  common c hemi 
c a l  forms , and the EPA maximum acceptab l e  concentrations . 

In contr a s t  to the trace me t a l s  for which s ome , a l though 
d i s tinc t l y  l imited , data are avai lab le regarding the i r  con
centrations in p roduced wate r , a lmo s t  no information is 
ava i l ab l e  on the quant i t i e s  of spe c i f i c  o i l  hydroc arbon 
components in o i l f ie ld brine s . Perhap s the mai n  r e a son for 
thi s  is  that both F ederal and s tate regul ations r e gard i ng 
br ine d i scharge are expre s sed in terms o f  the maximum total 
o i l  a l lowable in d i s charged produced water and not in terms 
o f  spec i f i c  o i l  hydroc arbon components . 

The re lative proportions o f  various hydrocarbons in 
p roduced water are probably no t repre sentative o f  the pro 
port ions found in the parent crude o i l . Tho s e  hydro c arbons 
whi ch are mo s t  so luble in water -- for examp l e , the aroma t ic 
hydrocarbon components - - would be pre ferenti a l l y  concentrated 
in the br ine s , s ince the br ine s e s sent i a l l y  con s i s t  o f  a 
wa ter extract o f  crude o i l .  De s p i te the ab senc e  o f  actual 
me a s urement s  o f  s pe c i f i c  o i l  hydro c arbon components in 
produced water , it is po s s ib l e  to e s timate the s e  quan t i t i e s  
on t h e  b a s i s  o f  compo s i tion d a t a  o n  art i f ic ia l  "water-

· s o l ub le fract ions " of crude o i l . Ander son e t  a l . l prepared 
wate r - s o luble fractions o f  two crude o i l s , and anal y z ed the 

1
J . W .  Ander s on e t  a l . ,  " Character i s ti c s  of D i sp e r s ions 

and Water -So luble Extra c t s  of Crude and Re f ined O i l s  and The ir 
Tox i c i ty to E s tuarine Crustacean s  and F i s h , "  Mar ine Biology 
2 7  ( 1 9 7 4 ) . 
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TABLE A - 1  

P RODUC E D  WATE R CON S T I TUENTS 

PARAMEH R  � E AllAT E H
a BR! llES WAT E R  QUAL I T Y  C R I T L R I A  L I M I T S

f 

MA X I MUM MI N I MUM 

FORM
b ALASKA

d 
LA . A K .  ACCEPTAO L E  R I SK 

FORM PPM LOU ! S I ANAc CAL I FORN I A  c T E XASc COll C E N T . e CONC EN T . e CONCENTRAT I ONS Tl lRESllOLO 

( ppm) ( ppm) ( ppm) ( ppm) RAT I O  RAT I O  ( ppm ) ( ppm) 

Ag A9C 1 2 
. 0003 < . 01 0 . 03 < . 0 1 - . 1 0 < 3 . 3  . 005 .001 

A s  A,0
4

fl - - . 003 llAs02 
- , H2As0

4 
- - < 1 - l . 404 . 00 1 - . 08 < . 0 1 - < . 02 < 3 3 3 -468 . 05 . 0 1  

C d  CdH . 000 1 1 CdS0
4

,CdC 1
2 

< . 005 - . 675 . 00 1  . 02 - .  1 8  < . 02- . 1 93 < 4 5 - 6 1 36 7 36 . O l
h . 0002 

Ct! < . 0 1 - . i O 0- . 004 . 0 1  . 00 5  

C r  
) t  

. 00005 . o5 1 C r·04 , C r  < . 01 - . 1 0  . 02 - . 04 < . 0 1 - . 2 3  < 2 00-< 200 . 1  
Cu Cutt . 003 Org . Ac i d  Sa l t  . 006 . 05 - . 1 1 6 < . 0 1 - . 38 28 . 7  . 05

h 
. 0 1  

- -Ilg HgC l 2
, HgC l

4 . 00003 < . OQf}5 < . 002-< . 0 1 0  . 0005 - . 002 < . 0001 - . 1 3  < 1 6 . 7  < 4 - < 20 . 0001 

N i  N i t t . 0054 . 005- . 4 30 . 1 - . 29 < . 0 1 - . 44 . 9 - 7 9 . 6  . I  . 002 

:>' I Pb Pbtt , PbC l + . 00003 Pb{ f!C0
3

) 
2 

< . 0 1 - . 39 0 - .  28 < . 01 - . 2 2 < 3 3 . 3 - 1 300 . 05 . 01 
N 

Zn Zn< + . 0 1  Z n C 1 2 , Z nS04 
. 2 7 7  . 05 - 3 . 2  . 1 - .  27  2 7 .  7 . l h  . 02 

Ca CdH 400 2 , 4 7 39 3 , 7 2 5  6 . 2  9 . 3  

Mg Mgt t  1 , 350 Mg++ 7 4 79 1 4 5 . 8 . 55 . 1 1  
Ila fjaH 1 0 , 500 N a +  4 4 , 607 9 7 . 650 4 . 2  . 7 3  

C l  C l  1 9 , 000 C l  5 1  , 0009 1 3 , 9 5 3  
1 7 , 2 3 0 - 4 2 , 000- 3 . 2  . 7 3  

2 1 ,000 6 2  . ooo 
Ot l & Grease 2029 3 6  56-359 

Pheno l s  3 . 1 00 . 35-2 . 1 5 . 3  

BOO 683 370-1 • 920 1 26 - 3 4 2  

coo 1 , 6 7 1  400-3 , 000 1 82 - 582 

T o t a l  So l i ds 34 . 325 1 1 0 .  200 2 3 ,842 3 . 2  . 69 

TOS 1 1 0 , 000 23 , 402 2 1 , 700- 806-
40 , 400 1 69 ,000 

TSS 2 2 - 390 99 1 -60 1 2 -656 

TOC 4 1 3  

NOTE : Footnotes are on t he f o l l ow i ng page . 



FOOTNOTE S TO TABLE A - 1  

a M . G .  Gros s ,  Oce anography : A View o f  the Earth ( Engl e -
wood C l i f f s , N . J . : P rent i c e -Ha l l , 1 9 7 2 ) . 

b
Gene A .  Co l l i n s , Geo chemi s try o f  O i l f ie l d  Waters ( New 

York : E l s e v i e r  S c i enti f i c  Pub l i shing Co . ,  1 9 7 5 ) . 

c
u . s .  E nv i ronment a l  P ro te c t i on Age nc y , Deve lopmen t  

Document for Interim F i n a l  E f f l uent L i m i t a t i o n s  Gui de l i n e s  
and New Source P e r formance S tandards for the O f f  s hore S e gment 
of the Oi l and Gas Extra ction Point Source C a tegory , 1 9 7 5 .  

d 
Val ue s  a r e  aver a g e s o f  val u e s  f rom f o u r  p e rm i t app l ica-

t io n  f o rms s ub m i t t e d  to U . S .  Army Corps of E n g i n e e r s . S e e  
t e x t . 

e
Conc e n t r a t ion Ra t i o = ( ppm B r i ne ) / ( ppm S e awa te r ) . 

f
Wat e r  Qual i t y  C ri t e r ia l imi t s , O c to b e r  1 9 7 3 ,  f rom 

Environmen t a l  S tudi e s  B o a r d , U . S .  Env i r o nme n t a l  P ro te c t io n  
A g e n c y  - W a t e r  Q ua l i ty C r i t e r i a  1 9 7 3 , 1 9 7 3 . 

g
Gene A .  C o l l i ns , " Geochem i s try o f  S ome P e tr o l e um  

As s o c i ated Wa t e r s  f rom Loui s i ana , '' U . S .  B u r . M in .  Rep . Inve s t . , 
No . 7 3 2 6 , 1 9 7 0 . 

h
Syne r g i s t i c  e f f e c t s  h ave b e e n  o b s e rved 

c o p p e r , and z inc are p r e s e n t  s imul tan e o u s ly . 
condi t io n s  Maximum Ac c e p tab l e  Concentrat ions 
reduced b y  a n  o rd e r  of  magn i tude . 

whe n  c admium , 
Unde r tho s e  

s ho u l d  b e  

i 
Whe n  o y s t e r s  a r e  p r e s e n t  t he Max imum Ac c e p t ab l e  

C o n ce n t r a t i o n  should b e  reduced t o  0 . 0 1 ppm . 

S o urc e : Ene rgy Re sourc e s  C o . I nc . , Bene f i ts S tudy o f  
E f f l uent Limitations for the O f f s hore S egmen t  o f  the O i l  and 
Gas Ex trac t i on P o i n t  Source C ategory , p .  3 - 6 . 
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water f rom the s e  two preparations for spec i f i c hydroc arbon 
content . The wat e r - s o lub l e  f raction ( WS F ) wa s prepared by 
mixing o i l  and s e awater g ently for 2 0  hours a t  2 0 °  c ,  and 
then al lowing the mixture to s eparate for 1 to 6 hour s . The 
water wa s then analy z ed for hydrocarbon content . The r e s u l t s  
o f  the analy s i s  a r e  s hown in Tab le A- 2 .  T o  determine the 
degree to whi c h  the water - s o lub l e  fraction of o i l  is enri ched 
in aromatic hydroc arbons as compared to the parent o i l , 
Ander son compared concentrations o f  the C 1 2 -C 2 4 n-paraf f in s , 
and the C 1 0- C 1 7  aromati c s  i n  the who l e  o i l s  and the WSF s  
prepared f rom them . The r e s u l t s , s hown i n  Table A- 3 ,  s how 
that the ratio o f  aroma t i c s  to para f f i n s  i s  1 4 . 2 9 t ime s a s  
great i n  the W S F  a s  i t  i s  i n  South Lou i s iana crude o i l , and 
1 2 5 . 0 0 time s as great in the WSF prepared f rom Kuwa i t  o i l  as 
it i s  in the parent o i l . Henc e , the greater solub i l i ty o f  
aroma t i c s  compared t o  para f f ins i s  a key f ac tor i n  deter
mi n i ng the compo s i tion of the hydrocarbon content of the 
o i l f i e ld water s .  

A compar i son o f  the concentrations o f  trace met a l s  and 
o i l  hydrocarbons that have been repo r ted in produc ed water 
( s ee Tab l e  A- 1 ) , with concentrat ion leve l s  of the s e  s ame 
sub s tanc e s  that have been demons trated to have tox i c  ( l e thal 
and s u b l e tha l )  e f f e c t s  o n  ma rine and e s tuarine organi sms , 
s hows that p roduc ed water concentrations o f  trace me tal s and 
o i l  hydroc arbons are cap ab l e  of i nduc i ng a wide rang e o f  
toxic e f f e c t s  o n  o rgani sms expo sed to them . The l i terature 
o n  the toxic e f f e c t s  of o i l  hydrocarbons and t race meta l s  i s  
exte n s ive and rap id l y  expanding . A f ew examp l e s  w i l l  s e rve 
to i ndicate the k inds of impac t s  that have been a s s oc i ated 
with concentrations of trace me tals  and o i l  hydroc arbons 
actual ly f ound i n  produced water ; a much mo re de tai led 
p r e s entat ion c an b e  found i n  Energy Resourc e s ' s tudy o f  2 
e f f luent l imitat ions for the o i l  and gas extraction indu s try . 

1 .  An expo sure o f  k i l l i f i sh ( Fundu l u s  he teroc l i tus ) 
to conce ntrations o f  s i lver o f  0 . 0 4 mg/ l  resul t ed 
in 5 0  percent morta l i ty within 9 6  hours ; 3 deve lopmental 

2
Energy Resour c e s  Co . I nc . , B ene f i t s  S tudy of E f f l uent 

L imitations for the O f f s hore S egment of the O i l  and Gas Ex
trac t ion P o in t  Source C ategory , Repor t submi tted to U . S .  E nv i 
ronmental P rotection Agency , 1 9 7 7 . 

3
E .  Jac k im et a l . ,  " E f fects o f  Metal P o i s oning on F i ve 

L iver E n z yme s in the K i l l i f i s h  ( Fundu lus heteroc l i tus ) , " 
Journa l of the F i s her i e s  Re s earch Board o f  C anada 2 7  ( 1 9 7 0 ) : 
3 8 3 - 3 9 0 . 
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COMPOUND 

AL KAN ES 

TABLE A-2  

HYDROCARBON CONCENTRATIONS 
OF CRUDE OIL WATER-SOLUBLE FRACTIONS 

SOUTH LOU I S IANA 
CRUDE OIL  

E thane 0 . 5 4 
P ropane 3 . 0 1 
Butane 2 . 3 6 
I sobutane 1 . 6 9 
Pentane 0 . 4 9 
I sopentane 0 . 7 0 
Cyclopentane + 2 -Me thylpentane 0 . 3 8 
Me thy l cyclopentane 0 . 2 3 
Hexane 0 . 0 9 
Me thyl cyc lohexane 0 . 2 2 
Hep tane 0 . 0 6 
c 1 6  n-Paraffi n 0 . 0 1 2  
c 1 7  n-Paraff in 0 . 0 0 9  

TOTAL c 1 2 -c 2 4  n-paraff ins  0 . 0 8 9  

AROMATICS 
Benzene 
To luene 
E thylben zene + rn- , p-Xy lenes 
o -Xy lene 
Tr irnethy lben z ene s 

6 . 7 5 
4 . 1 3 
1 . 5 6 
0 . 4 0 
0 . 7 6  

KUWAIT  
C RUDE OIL  

0 . 2 3 
3 . 3 0 
3 . 6 6 
0 . 9 0 
1 . 3 1 
0 . 9 8 
0 . 5 9 
0 . 1 9 
0 . 2 9 
0 . 0 8 
0 . 0 9 
0 . 0 0 0 6 
0 . 0 0 0 8 

0 . 0 0 4 

3 . 3 6 
3 . 6 2 
1 . 5 8 
0 . 6 7 
0 . 7 3 

Source : ;>.nder son  et  al . ,  " Character i s tic s  o f  Di spers ions 
and Water-So lub le Extracts , " 1 9 7 4 . 
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TABLE A - 2  ( CONT . )  

C OMPOUND 

AROMAT I C S  ( CONT . )  

Naphthal ene 

1 -Me thyl naphtha lene 

2 -Methy l na ph thal ene 

D imethy l naphtha l en e s  

T r ime thy lnaphtha l e n e s  

B iphenyl 

Methy l b ipheny l s  

D imethyl b ipheny l s  

F luorene 

Me thy l f  luoren e s  

D imethy l f l uo r en e s  

Diben z othiophene 

P he nanthrene 

Met hy lphenanthrenes 

D imethy lphenanthrenes 

TOTAL SATURATES 

TOTAL AROMATICS 

TOTAL D I SS OLVED HYDROCARBONS 
MEASURE D  

SOUTH LOU I S IANA 

C RUDE O I L  

0 . 1 2 

0 . 0 6 

0 . 0 5 

0 . 0 6 

0 . 0 0 8  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 2  

0 . 0 0 1  

9 . 8 6 

1 3 . 9 0 

2 3 . 7 6 
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KUWA I T  

CRUDE O I L 

0 . 0 2 

0 . 0 2 

0 . 0 0 8  

0 . 0 2 

0 . 0 0 3  

0 . 0 0 1 

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

0 . 0 0 1  

1 1 . 6 2 

1 0 . 0 3 

2 1 . 6 5 



OIL 

S outh 

TABLE A-3 

AROMAT IC AND n-PARAFF IN CONTENT OF 
SOUTH LOUIS IANA AND KUWAIT CRUDE O I LS AND 

THE I R  WATE R-SOLUBLE FRACTIONS ( WS F )  AND 
CALCULATED AROMATIC -ENRI CHMENT FACTORS ( AEF ) 

P..Rm!P.T ICS/ 
AROMATICS n-PARAFFINS n-PARAFFINS 

Oil WSF O i l  WS F O i l  WS F 

( % ) ( p pm )  ( % ) ( ppm )  

Lou i s iana 0 . 9 4 0 . 3 0 5  3 . 9 8 0 . 0 8 9  0 . 2 4 3 . 4 3 

Kuwait 

NOTE : 

0 . 6 0 0 . 0 7 5  4 . 0 0 0 . 0 0 4  0 . 1 5 

( Aromat i c s /n-para f f ins )
WS F 

AEF = 

(Aroma tics/n-para f f ins )
O i l  

1 8 . 7 5 

ASF 

1 4 . 2 9 

1 2 5 . 0 0 

S ource : Anderson et al . ,  " Charac te r i s tics o f  D i s pe r s ion s 
and Water-So lub le Extrac t s , "  1 9 7 4 . 
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abnorma l i t i e s  in the s ea urch in Arb ac i a  have b e en 
induced by exposure to s i lver concentrations o f  
0 . 0 0 0 5  mg/ 1 . 4 (Me a s urements o f  s i lver i n  p roduced 
water have y i e lded concentrat i on s  a s  high a s  0 . 1  
mg/l in Texas and a me an leve l o f  0 . 0 3  mg/ l in 
C a l i fornia . s ) 

2 .  Copper , whi c h  typ i c a l l y  occur s  in p ro duced wate r 
a t  a c oncentration leve l o f  0 . 1  mg/ l , has b een s hown 
to inh i b i t  the growth o f  a lgae and p o lychaete s a t  
concentrations o f  0 . 0 0 0 6 8  mg/ l and 0 . 0 0 0 2 5  mg/ l  
r e s p e c t ive ly . 6 

3 .  Exp o sure o f  the c rus tacean Mys idops i s  a lmyra to 8 . 7 
mg/ l  d i s s o lved o i l  hydrocarbons induc ed S O  percent 
mor t a l i ty with in 4 8  hours ? and s ub l e thal e f fe c t s  
have b e e n  a s s o c i ated with s olub l e  aroma t ic s at con
centrations down to 0 . 0 1 ppm . 8 As s hown in Tab le 
A-2 , the total d i s s o lved hydrocarbon concentration 
in an extra c t  prepared from Loui s i ana crude o i l  i s  
2 3 . 8  mg/ l and the total d i s s o lved aromatic fraction 
is 1 3 . 9  mg/ l . S ince current EPA BPCTCA r e gu l a t ions 
c a l l  for a maximum leve l of 4 8  mg/ l total o i l  hydro 
carbons in di scharged p roduced wate r , i t  i s  s a f e  to 
a s s ume that the p roduced water , even after treatment , 

4
Nationa l Academy o f  S c ienc e s  and National Academy o f  

Eng ineer ing , Water Qua l ity C ri t e r i a , Washington , D . C . , 1 9 7 2 , 
p .  2 5 5 . 

5 . 1 
. 

1 U . S .  Environmenta P ro t e c tion Agency , D eve opment Docu -
ment f o r  Inter im F inal E f f luent L imitat ions Guide l in e s  and 
New Sourc e s  P er fo rmance S tandards for the O f f  s hore S egment 
of the O i l  and Gas Extrac tion P o int S ource C ategory , S ep tember 
1 9 7 5 . 

6
M .  Bernhard and A .  Z attera , "Ma j or P o l lutants i n  the 

Marine Env i ronment , "  in E . A .  P earson and E .  Frangipane , e ds . , 
Mar ine P o l lut ion and Mar ine Was te D i s p o s a l  ( Oxford : P ergamon 
P re s s , 1 9 7 5 ) . 

7
Ande r s on , " Character i s ti c s  o f  D i s pe r s ions and Wate r 

S o l u b l e  Extrac t s  o f  C rude and Re f ined O i l s , "  pp . 7 5 - 7 8 . 

8
w .  Harr i son e t  a l . , " Crude O i l  S p i l l s  - D i s app e ar ance 

of  Aromat i c  and Aliphatic Components from Sma l l  S e a - S ur face 
S l icks , "  Environmental S c i ence & T echno l ogy 9 ( 1 9 7 5 ) : 2 3 1 - 2 3 4 . 
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i s  genera l ly s aturated with d i s s o lved o i l  hydro 
c arbons and hence the leve l s  o f  approxima t e ly 2 0  
ppm d i s s o lved o i l  hydroc arbons and 1 4  ppm d i s s o lved 
aromatic s a re to be expected . 

The l i terature on the toxic e f fects o f  trace me ta l s  and 
o i l  hydroc arbons thus s upports the a s s ertion that the c on s t i 
tuents o f  o i l f ie ld brine , taken a t  concentrations at whi c h  
they common ly occur in o i l f ie l d  brine , are poten t i a l ly capab l e  
o f  induc ing both l e th a l  and s ub lethal e f fe c t s  on c e r ta i n  
organi sms exposed t o  them . Admi ttedly , however ,  great c aution 
s hould b e  u s ed in extrapol at ing f rom laborato ry tox i c i ty data 
to the pred i c ti on of impact in the f i e ld , and it is no t the 
intent here to c la im that spec i f ic impacts w i l l  i n  fact r e s u l t  
f rom b r i n e  d i s charge . Although exper imenta l data a r e  undoubt
edly u s e f ul i n  g iv ing some idea o f  the r i sks that may b e  p o s ed 
by var ious concentration l eve l s  of particular o i l f i e ld brine 
cons t i tuents , i t  is  also important to keep c learly in mind the 
l imitations of the data . A f ew of thes e  l imitations are : 

1 .  The reaction o f  an organi sm to toxic po l lutants 
w i l l  b e  mod i f i ed by a n umber of environmenta l 
factors , s o  that the wide dive r s i ty o f  pos s ib l e  
environments , comb ined with the even gre ater 
d i f ference between any natura l mar i n e  environment 
and a laboratory bioas s ay sys tem , make it extremely 
d i f f ic u l t  to s a f e ly extrapolate tox i c i ty data 
obtained i n  one exper iment a l  s y s tem under a highly 
spec i f i c  set o f  condition s  to any other s y s tem o r  
any other s e t  o f  condi t i on s . 

2 .  Synergi s t i c  or antagoni s t i c  e f fe c ts are not taken 
into accoun t . 

3 .  Laboratory anima l s  used i n  bioas s ay exper iments 
are o ften chosen on the bas i s  o f  b e in g  easy to 
ra i s e  or maintain , rather than on the b a s i s  of 
eco lo g i c a l  impor tance in an area actual ly being 
impacted . 

4 .  Toxic i ty r e s u l t s  may vary wid e ly depending on the 
age o f  an organ i sm o r  the s ea s on when it was 
co l l ec ted . I n  chroni c a l ly po l luted waters , s e le c 
t i on pre s sures may r e s u l t  in strains o f  organ�sms 
whi c h  are unu s ua l ly adapted to re l at ively h i gh 
po l lutant concentrations ,  and whi c h  may thus give 
m i s leading impre s s ions i f  u s ed in tox i c i ty e xper i 
men t s . 
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5 .  Tox i c i ty o f  a p o l lutant may vary greatly depending 
on the mode o f  pres entat ion . Benthic organi sms 
exp o s ed to trace me ta l s  in s ediment s are a f f e c te d  
q u i t e  d i f ferently than f i sh e xpo s ed to t h e  s ame 
pol lutant in the water co lumn . 

Mo s t  o f  the reported e f f e c t s  are lethal in n ature . 
Thi s , however , s hould no t be taken as  me an ing that l e thal 
e f f e c t s  are the ma in c aus e o f  concern . I n  fact , s ub le tha l 
e f f e c t s  may be o f  much greater concern , in par t becau s e  they 
can occur over a range o f  concentrations much wider than 
tho s e  required to ac tua l ly k i l l  organi sms , and in part 
becau s e  they are more ins idious . Direct k i l ls are easy to 
observe . S ub l e thal e f f e c t s  whi c h  may impair the ab i l i ty o f  
a population o f  a s p e c i e s  t o  ma intain i t s e l f  ( e . g . , by 
reduc i ng reproduc tive capac i ty )  whi le not directly k i l l ing 
individua l organ i sms , may man i f e s t  thems e lves  only a f te r  
cons iderab le p e r i od s  o f  t ime . The principal reason f o r  the 
preponderance of l e tha l e f fe c t  s tud i e s  in the toxi co log ical  
l i terature is  s imp ly that i t  i s  f ar e a s ier to per form acute 
toxi c i ty exper iments than i t  is to per form long-term chronic 
b i o a s s ay experimen t s . 

Among the impo rtant potenti a l ly s ub lethal e f fects o f  brine 
po l lutants are the fo l lowing : 

1 .  " Economic e f  f e e t , "  i . e .  , e f  fee t s  which reduce the 
marke t ab i l i ty of e conomi c a l ly important marine 
organ i sms . An examp l e  is the " greening " o f  
oy s te r s  i n  s o lution s  contain ing moderate con
centrations o f  copper , due to the bioaccumu l a ti on 
o f  copp er by the organ i sm .  

2 .  H i s to - and c y topathology - - Expo s ure to subl ethal 
concentrations of trace meta l s  and hydrocarbons 
has been s hown to produce extens ive t i s s ue damage , 
at the l ight or e lec tron mi cro s cope l eve l s , in 
g i l l , kidney , and l iver t i s sue . S uch damage can 
reduce l i f e  expectancy and product i v i ty and , i f  
i t  occurs i n  lateral l in e  o r  tas t e  bud t i s s ue s , 
can reduce the extent to which a f i sh c an f ind 
food or avo id predation . 

3 .  Biochemi c a l  al terations - - Some s tudi e s  have been 
concerned with the e f fect o f  trace me t a l s  on the 
as s ay l eve l s  of  c e rtain key en z yme s in f i s h , and 
other s tudi e s  have t r i ed to de termine by e le c tro
phore s i s  the e f f e c t  of s ub l e thal e xp o s ures  on the 
conc entrations of various s erum pro t e in s . The u s e  
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o f  ace ty lcho l ine s te ra s e  leve l s  as  an ind icato r  o f  
expos ure t o  cer tain organophos phorus p e s t i c i d e s  
has rece ived particular atten t ion . A l though s uc h  
b iochemic a l  parame ters a r e  hard to interpre t  in 
terms o f  e f f e c t s  on ecosys tems , they s e em to 
indicate patho logical condi tions which have the 
po ten t i a l  of reduc ing the survival rate s , f e r t i l i ty , 
or adaptab i l i ty o f  a s pe c ie s . 

4 .  P hy s iological parameters - - I n c l uded in th i s  
c ategory a r e  e f fe c t s  o n  b lood i o n  concentration , 
EKG rate s , b lood c ho le s te r o l  leve l s  o r  hemato c r i t  
leve l s  o f  a f fec ted f i s h  popu l a t ions . A sma l l  
numb e r  o f  s tudi e s  have b e e n  c onducted o n  the 
e f fe c ts of p o l lutants on the s e  parame ters , par 
t icularly on f r e s hwate r f i s h ; an exc e l lent revi ew 
i s  provided by S prague . 9 Again , data s uc h  as 
the s e  are hard to interpret d i re c t ly , but they c an 
b e  used as " e ar ly warning s igns " o f  potential ly 
dangerou s toxic cond i t ions . 

5 .  E f f e c ts on growth and produc tivity . 

6 .  E f f e c ts on viab i l i ty , as  ind i c a ted by rates o f  o 2 
consumption , part i c ularly in g i l l  t i s s ue . 

7 .  A toxic s ub s tance , even i f  i t  c reates no notice
able toxi c  e f f e c ts by i t s e l f , c an s ign i f icantly 
reduce the re s i s tance of an organ ism to o ther 
environmental s tr e s s or s , inc l uding DO s tre s s , 
s a l in i ty s tres s ,  and thermal s tr e s s .  

8 .  Behavioral e f f e c t s  - - Inc l uded in thi s  category 
are e f f e c t s  on mat ing or swimming behavior which 
might affect s urviva l and growth rates of  the 
organism and spec ie s . Another important s ub le thal 
behavioral re spon s e  to po l lutants i s  the avo i dan�e 
respons e ;  that i s , the avo idance by f i s h  of waters 
which contain particular leve l s  of a trace me tal . 
Such an e f fe c t  i s  impo rtant because i t  can prevent 
spawning migrations of f i s h . Sprague et a 1 . l O  

9
J . B .  S prague , " Me a s urement o f  Pol lutant Tox i c i ty to 

F i sh -- I I I , S ub le thal E f fects and ' S a f e ' Concentration s , "  
Water Re s earch 5 ( 1 9 7 1 ) : 2 5 7 . 

l O  1 I . . 1 J 1 f A .  d J . B .  Sprague e t  a . ,  nternationa o urna o i r  an 
Water P o l lut ion 9 ( 1 9 6 5 ) : 5 3 1 - 5 4 5 . 
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no te that " in the l aboratory , avo idance re spon s e s  
c an b e  obta ined at l e s s  than one - tenth o f  the 
inc ip i ent l e thal l eve l ( i . e . , thre s ho l d )  concen
trations . '' Such behavioral e f f e c t s  are mo s t  
impor tant i f  they a f fect behavioral  patterns 
important for s urviva l . S tephenson and Taylor , 
for examp l e , have noted a decre a s e  in burrowing 
ac tivity of c lams a s s o c iated with s ub lethal c opper 
toxic o s i s l l  and in an e l egant exp e r imental s y s tem 
invo lv ing the u s e  of a radioact ive me rcury tracer , 
Kan ia and O ' Hara demon s trated that s ub l etha l 
expo sures to mercury ( I I )  reduced the e f f ic i ency o f  
the mo s qu i to f i sh Gambus ia in e s cap ing predat ion b y  
the b a s s  Micropteru s . 1 2 

9 .  Reproductive e f f e c t s  - - Exper imenta l data inc lude 
s ome e f f e c t s  of trace met a l s  on deve lopment . S uch 
e f fe c t s  c an range from l e thal i ty of eggs and 
embryos to minor deve lopment de fect i n i t i ation 
( teratogene s i s )  wh ich could reduce the s urvival 
rate of the hatched young . Genera l ly , s uc h  e f f e c t s  
occur a t  l eve l s  f a r  b e l ow the l etha l concentrations 
for the organ i sms . 

1 0 . Aggregate e f f e c t s  o n  produc t ion in communi t i e s  - 
A few exper iments have b e e n  done o n  t h e  e f fec t s  o f  
pol lutant s  o n  harve s table crops , produc t iv ity , and 
dive r s i ty in natura l  f r e s hwater e c o s y s tems ; pre 
s umab l y , in the near f uture s imilar s tud i e s  w i l l  
b e  i n i t iated in mar ine o r  e s tuar ine s y s t ems . 

1 1 . E f fe c t s  on per formance ( e . g . , swimming ab i l i t y )  

1 2 . E f fe c t s  on d i 3 ea s e  re s i s tance . 

1 1  
R . R .  S tevenson and D .  Taylor , " I n f l uence o f  ETDA on 

Morta l ity and Burrowing Act i v i ty o f  C l ams (Venerup i s  decus s ata ) 
Expo s ed to S ub l e thal Concentrations o f  Copper , "  B u l l e tin o f  
Env i ronmental Contamina tion and Toxicology 1 4 ( 3 ) ( 1 9 7 5 ) : 
3 0 4 - 3 0 8 .  

1 2
Kania and O ' Hara , " Behavioral A l terations i n  a S imp l e  

Predator-Prey S y s tem D u e  t o  S ub le thal Expo s ure t o  Mercury , '' 
Tran s ac tions o f  the Amer ican F i sheries  Soc i e ty 1 ( 1 9 7 4 ) : 
1 3 4 - 1 3 6 . 
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Each o f  the e f fects di scus s ed above i s  important i n  
that i t  can produce gro s s  alterations i n  t h e  popu l a t ions , 
produc t i v i ty , and d ivers ity o f  a communi ty w i thout produc ing 
any s igni f i c ant mor ta l i ty e f fect i n  a l abo ratory b io a s say 
s y s tem . 

The impac t exerted by contaminants pres ent i n  d i scharged 
produced water depend s on the concentration leve l s  of the 
contaminant s to which b iota in the rece iving water s are 
expo s ed . The concentrations wi l l  in general b e  a max imum 
in the immedi ate v i c i n i ty o f  the d i sc harge point , and wi l l  
dec r e a s e  with increas ing d i s tance from the point o f  d i s c harge . 
An analy s i s  o f  the ava i l ab l e  data on the e f fects  o f  br ine 
toxicants on marine and e s tuar i n e  organi sms , taken in conj unc
t ion with data on produc ed water contaminant concen tr a t ion s , 
s ugge s t s  that a d i l ut io n  o f  appro x imately 1 , 5 0 0  part s  
rece iving water t o  1 part o i l f ield b r in e  can be cons idered 
" s a fe " ; i . e . ,  o i l f i el d  brine d i luted to th i s  extent should 
produce no s ign i f i c ant l eve l o f  l ethal or s ub l e thal e f f e c t s  
on res ident organ i sms and wi l l  no t r e s u l t  i n  t h e  b ioacc umu
lation o f  br ine c o n s t i tuent s to dangerous leve l s  in orga n i sms 
u s ed for human food . Needl e s s  to s ay , uncerta i n t i e s  in the 
knowledge of br ine toxic ant concentrations , the cons iderab l e  
var i ab i l i ty that has been r eported in br ine compo s i t ion , and 
a l l  the prob l ems i nvo lved in extrapo l a t ing from laboratory
der ived tox i c ity data to f i e ld cond itions make i t  impo s s ib l e  
t o  regard a 1 : 1 , 5 0 0  r a t i o  a s  a hard-and- f a s t  f i gur e . I t  
s hou ld , ra ther , b e  r egarded as  a " be s t -gue s s " e s t imate o f  a 
s a f e  l evel o f  d i l u t ion con s i s tent with c urrent ly ava i lab l e  
i nformat ion . 

The 1 : 1 , 5 0 0  d i l ution ratio i s  bas ed on the f o l lowing 
cons ider a t ion s . The d i lution factor nec e s s ary ( NDF ) to br ing 
the concentration of a par t icular br ine toxi cant i n  produced 
water down to a s a fe l ev e l  is g iven by the r a t io of the con
c entration of the toxicant i n  produc ed water to the concen
tration of the po l l utant that can b e  cons idered to have no 
s ign i f i cant tox i c o logical e f f e c t s . For examp le , it can b e  
s een in Tab l e  A - 1  that cadmi um ha s b e en meas ured in produced 
water up to c on c entrations of 0 . 6 7 5  ppm . A tox i c o log i c a l l y  
s af e  l evel f o r  c admium can b e  e s t imated ( by app l i c a t ion o f  
a 0 . 0 1 fac tor to 9 6  hour LC 5 0  �atal 3 ) to b e  0 . 0 0 3 2  ppm . The 
rat io of 0 . 6 7 5  to 0 . 0 0 3 2  is 2 1 0 . Hence a d i lution on the 

1 3
The u

· 
se of 1 · t · f t 1 0 0 1  an app � ica ion ac ·or , common y . , to 

der ive an e s t imate of a s a f e  concentration leve l from 9 6  hour 
LC S O  data for the mo s t  s ens it ive spec i e s  l i ke l y  to be a f f ected 
i s  fr equently recommended by the EPA as  the bas i s  for e s tab
l i s h ing qua l i ty cr iteria for water . S e e , for examp l e , EPA 
Qua l i ty Cr i teria for Wa ter , 1 9 7 3 ,  1 9 7 6 . 
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order o f  2 1 0  par t s  wa ter to 1 part produc ed wa ter i s  nec e s 
s ary t o  bring the o i l f ie ld br ine cadmium conc entration down 
to a reasonably s a fe leve l , a s suming an i n i t i a l  cadmi um 
conc entrat ion i n  b r i ne o f  0 . 6 7 5  ppm . I f  cons iderab le in for 
mat ion i s  ava i l ab l e  concerning the e f f e c t s  o f  chronic expos ure 
o f  organi sms to low l eve l tox i c ant concentrat ions , then this 
i nforma t ion c an , of  cour s e , be u s ed d irectly i n  de termining 
a s a f e  l evel rather than u s ing the appl i cation fac tor approach . 

To take into account the presence o f  s ever a l  toxic sub
s tanc e s ,  i t  is  a s s umed that the e f f ec t s  are addi tive . To 
quote f rom the NAS -NAE repor t : l 4  

When two o r  more tox i c  mate r i a l s  are pres ent a t  
the s ame t ime i n  the r ec e iving water , i t  should be 
a s s umed unl e s s proven otherw i s e  that the ir individua l 
tox i c i t i e s  are add i tive and that some reduc tion in 
the perm i s s ib l e  concentrat ions is nece s s ary . The 
amount of reduc tion required is a function of both the 
number o f  toxic mate r i a l s  pre s ent and the ir conce n 
trat ions in r e s p e c t  t o  t h e  permi s s ible concentrat ions . 
The fol lowing re lationship w i l l  a s sure that the comb ined 
amoun t s  of the s evera l  s ub s t anc e s  do not exc e ed a 
perm i s s ib l e  conc entration : 

Thi s  formu l a  may be app l i ed where C a , C b , . . .  Cn 
are the mea s ured or expected concentrations o f  the 
s everal toxic mate r i a l s  in the water , and La , L b , L n 
are the r e s pec t ive concentrat ions recommended or tho s e  
der ived b y  us ing recommended app l i c a t ion f ac to r s  o n  
b i oa s s ay s  done under l o c a l  Cond i t ions . S hould the s um 
o f  the s everal frac t ions exc e ed 1 . 0 , a local r e s tr i c tion 
on the concentration o f  one or more o f  the s ub s tanc e s  
i s  nece s s ary . 

The above formu l a  c an e a s i ly b e  s hown to b e  equiva l en t  to 
s umming the NDF ' s  for each of the toxi c  con s t i tuents to 
obta in the tot a l  NDF needed for the br ine . Thus , i f  
B a , Bb , . . .  , Bn are the concentrations o f  the var ious toxicants 
in the und i luted brine , and N i s  a g iven l eve l of d i lut ion 
of the br ine ( i . e . , N par t s  water to 1 part br ine ) , then the 
concentrations of the brine tox icants in the d i luted br ine 
are s imp ly 

1 4
Nat ional Ac ademy o f  S c i ences and National Academy of 

Engineer ing , Water Qua l i ty C r i t er i a , 1 9 7 2 , p .  1 2 2 . 
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. . .  , B /N n 

But then i t  i s  required that the s e  conce ntrations s a t i s fy the 
above formul a ,  or that 

and henc e 

B /N n 
L n 

B B
b 

B 
� ( �  + + �) 1 0 -- . • ... + 

L 
< • 

N La Lb n 

S ince Ba/La , Bb/Lb , etc . are the NDF ' s  for the ind ividual tox i 
cants , we have the requirement that the NDF o f  the brine a s  
a who le s hould be equal t o  o r  exc e ed the s um o f  the individual 
NDF ' s  of the toxic brine cons t i tuent s . I f  the NDF ' s  for the 
ind ividual brine toxicants are c a lculated s tarting with the 
rea sonab ly cons ervat ive as s umption that the ini t i a l  conc en
trat ion o f  a toxicant is  the mean of the maximum concentrations 
tabulated in Tab l e  A-1 , and the NDF ' s  are then s ummed , a total 
NDF on the order of 1 , 5 0 0  i s  obtained . 

That an e s t imate o f  1 , 5 0 0 : 1  di lution i s  rea sonab l e  c an 
b e  s hown independently o f  the above ca lculation by r e f err ing 
to the fact that , as  ment ioned above , water s o l ub l e  aromat ic 
hydrocarbons may have sublethal e f f e c t s  on mar ine organ i sms 
at concentrations as low as 1 0  ppb . 1 5  S in c e  the conc entration 
o f  water s o lub l e  aromat ic hydroc arbons in o i l f i eld brines can 
b e  e s t imated to be 1 3 . 9 0 ppm ( Table A- 2 ) , an NDF of approxi
mate ly 1 3 . 9 0/ 0 . 0 1 or 1 , 3 9 0  is  obta ined for the aroma t i c  water 
s o luble frac tion a lone . This of cour s e  neg lects cons ideration 
o f  the impacts of the non-aromatic water so lub l e  f raction and 
the emu l s i f ied portion o f  the hydrocar bo ns p r e s ent in 
o i l f ield brine s , which can be expected to incre a s e  the NDF . 

As s uming that a 1 : 1 , 5 0 0  ( . 0 6 6  percent ) d i lution o f  
produced water r e s u l t s  i n  toxico log ic al ly s a f e  l eve l s  o f  the 
toxic con s t i tuent s , a conven ient me asure of the impact 

15 ' 
1 H ar r i son e t  a . ,  " Crude O i l  S p i l l s . "  

A- 1 5  



a s so c i ated with a g iven br ine d i scharge i s  the area around 
the d i s c harg e po int that can be exp e c t ed to be s ub j ec ted to 
produced wat e r s  at concentrations greater than or equal to 
. 0 6 6  percent . I t  s hould be noted , however , that the 1 : 1 , 5 0 0  
s a fe l eve l i s  b a s ed on the mean o f  the maximum produced 
wate r contaminant concentrat ions which have been me a s ured . 
S ince data on contaminant l eve l s  in produced waters are 
s ke tchy , and s ince contaminant concentrat ions are h ighly 
var iable , even between d i f ferent s it e s  in the s ame geo 
graphi c a l  reg ion , " s a f e '' leve l s  a t  a l l  s it e s  w i l l  not nece s 
s ar i ly occur a t  the 1 : 1 , 5 0 0  d i lution leve l . I t  doe s , however ,  
repr e s ent a r e a s onab l e  e s t imate o f  s a f e  conc entrations for 
use in impact a s s e s sment . 

The area o f  the . 0 6 6  percent d i lution z one depend s  on a 
number o f  h ighly s it e - spec i f ic f actor s . S uch f ac tor s 
inc l ud e  the rate a t  which produced water i s  d i s c harged , the 
depth of the rece iving water , c urrent s ( t ida l , fre s hwater , 
dr i f t ) , and d i f fu s ion c oe f f i c ients . O ther s i t e - s pec i f ic 
proc e s s e s  a l s o  a f fect contaminant d i spers ion but c anno t b e  
read i ly quant i f ied . Proc e s s e s  in t h i s  c a tegory inc l ude 
ads orption of contaminants on suspended part i c l e s , s ed imen
tation and trans port of s ed iment s , chemical trans formation , 
and b iodegradat ion . S ever i ty o f  impac t  depend s  not only on 
the numer ical s i z e  o f  the a f f ec ted area but a l s o  on i t s  
eco logy . Eco logical c haracter i s tic s are important i n  that 
they de termine the value of the area be ing impacted in terms 
of the pr imary produc t ion the area s upport s , the comme rc ia l ly 
impo rtant spec i e s  which l ive there , and the importance o f  
the reg ion t o  particul ar l i fecyc le stages o f  o ther economic a l ly 
or e c o l o g i c a l l y  impo rtant organi sms . F inal ly , impacts may 
a l so be eva luated in terms o f  the s i z e  o f  the impacted area 
re lative to the s i z e  of the rece iving waterbody . The s ame 
area may repres ent a much s everer impac t in a re lative l y  
sma l l  bay than i n  a larger , l e s s  enc l o s ed wa te r body . 

1 6  
As part o f  an Energy Resourc e s  Company s tudy o f  the 

propo s ed EPA regulations on o f f shore br ine d i s charge , a 

1 6  
Ene rgy Re3our c e s  Co . I nc . , Bene f i ts S tudy o f  E f f l uent 

L imitat ions . 
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compute r i z ed d i spers ion mode 1
1 7  

ha s been deve l oped and u s ed 
to e s t imate the areas at s everal d i scharge locations which 
would b e  s u b j ec ted to average brine concentrations down to 
. 0 6 6  percent d i l ut ion of the d i sc harged br ine . The s i te
spec i f ic fac tor s o f  d i s charge rate , depth of  receiving 
water , currents , and d i f fus ion coe f f ic ients are incorporated 
into t h i s  mod e l . 1 8  Four s p ec i f ic s it e s  were stud ied . One , 
Hackberry Bay , Lou i s iana , ·  i s  an enc lo s ed , shal low ( average 
depth equa l s  3 f e e t )  coastal bay approximately 7 s quare 
mi l e s  in are a . I t  i s  the location o f  a comparatively l arge 
br ine d i s charge f rom the Bay de Chene o i l  f ie ld . The s econd 
loc a t ion s tudied wa s the o i l f ie ld area of Cook I n l e t , Ala ska , 
which rece ive s br ine d i s charge s  from s everal product ion 
fac i l i t i e s . Both Hackberry Bay and Cook I nl e t  are c l a s s i f ied 
a s  near s hore locat ions ; i . e . , they l i e  within the coastal 
b a s e l ine . EPA regulat ions have not y e t  been i s s ued for 
nearshore d i s charges but they are expec ted to b e  s imi lar to 
the regul a t ions for near o f f s hore d i s charge s ( i . e . , water s 
between the coastal bas el ine and the 3 -mi l e  l imi t ) . For near 
o f f  shore waters a s it e  was cho s en i n  the Grand I s l e  o i l  
f ield , i n  Gul f  o f  Mexico waters o f f  o f  Grand I s le , Lou i s i ana . 
For f ar o f f s hore water s , a s ite was cho s en in the S h ip S hoal 
oil f ie ld i n  the Gul f o f  Mex ico approx imately 2 7  miles from 
the Lou i s iana s hore . I n  a l l  c a s e s  a leve l o f  treatmen t  corre s 
pond ing to the EPA BPCTCA regulations was a s s umed . S everal 
s en s i t iv i ty analy s e s  were performed for each s it e  i n  order 

1 7
The d i spers ion mode l  u s ed i n  th i s  s tudy was o r i g i na l ly 

deve loped by K .  S to l z enbach and E .  Adams a t  M . I . T .  in the ir 
work on mode l ing therma l plume d i spers ion . It c an b e  app l i ed 
with equal va l id i ty to mode l i ng the d i s pe r s ion o f  any conserva
t ive d i s so lved subs t ance d i scharged into a rece iving waterbody . 
The mode l  i s  d e s c r ibed i n  deta i l  both i n  the Energy Res ourc e s  
report ( c i ted above ) and i n  the f o l lowing re ferenc e s : ( 1 )  E .  
E r i c  Adams , Ke i th D .  S to l z enbach , and Donald Har leman , Near 
and Far F i e ld Ana lys i s  o f  Buoyant S ur f ace D i scharge s i n� 
Large Bod i e s  o f  Water , Repor t  No . 2 0 5 , Ra lph M .  P ar s on s  
Laboratory , M . I . T . , Augus t ,  1 9 7 5 ; ( 2 )  Ke i th D .  S to l z enbach 
e t  a l . , Ana lyt i c a l  and Exper imenta l S tud i e s  o f  D i s charge 
D e s igns for the C ayuga S ta t ion at the S omer s e t  Alternate S ite , 
Report No . 2 1 1 , Ralph M .  Parsons L aboratory , M . I . T . , May , 1 9 7 6 . 
The mod e l  i s  currently being u s ed by Adams and S to l z enbach i n  
the i r  work on mode l ing t h e  d i spers ion o f  br ine d i s charge i n  
connect ion with t h e  FEA S trategic P etro l eum Re s erve progr am . 

1 8 
d . 1 d d .  . +: h . . f . . f h A e t a i . e i s c us s ion o �  t e J us ti ication or t e 

va lue s u s ed i s  g iven in the Energy Resources  bene f i t s s tudy 
of o f f shore product ion e f f l uent l imitat i on s  r e f erenced above . 
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to a l low for unc e r ta i n t i e s  in ava ilable data o n  input param
eter va l u e s  and for s imp l i fy ing a s s umptions incorporated 
into the mode l .  The r e s ults  o f  the c omputations for the 
four s i t e s  are s ummar i z ed in Tab l e  A - 4 . 

An important conc lus ion to be dr awn from the computa 
tions for Hackberry Bay and for Cook I n l e t  i s  the h i ghly 
s it e - s pec i f i c  nature o f  the impac t s  in near s hore regio n s .  
I n  the c a s e  o f  Hackb erry Bay , a large b r i ne d i scharge c omb ined 
with a r e la t ively sma l l  d i luting vo lume of water and s lugg i s h  
f lush ing r e s u l ti ng from low t i d e s  and s ma l l  fre s hwater f low 
g ives  a l evel equal to or greater than 0 . 1 perc ent brine 
concentrat ion . Added to thi s  is the f ac t that the bay is a 
highly product ive area . Hence the imp ac t s  o f  brine d i s charge 
are s ign i f icant . I n  mid Cook I nl e t , o n  the o ther hand , not 
only i s  the ava i la b l e  d i luting vo l ume far l arger than i t  i s  
i n  the c a s e  o f  H ackberry Bay , b u t  the extreme ly vigorous 
tidal current s a l s o  s erve to d i spers e p o l l utants over a 
large area so that concentrations f a l l  o f f  rapidly away from 
the d i s charge po int . E co logica l ly , mid Cook I n l e t  has a 
rather low product iv i ty a s  a re sult o f  tidal bo ttom s couring 
and h igh natur a l  turbid ity leve l s . H ence , the imp ac t s  o f  
br ine d i sc harge into mid Cook I n l e t  d o  no t appear t o  b e  the 
caus e for concern . 

As f ar a s  near o f f shore Gul f o f  Mexico water s are con
cerned , the computations performed for a s in g l e  s it e  are not 
s u f f ic ient to s erve as a comp l e te bas i s  for e s t imat ing 
reg ional imp ac t s . I n  o rder to extrapo late f rom impac t s  a t  a 
s ingle p l a t form to reg ional impac ts , data on p l a t form locations 
and d i s charge rates  throughout the region are needed . How
ever , a very rough e s t imate o f  total impac ted area can b e  
made b a s ed o n  t h e  r e s u l t s  i n  Tab le A - 4 . I n  order to o b t a i n  
th i s  e s t imate , i t  i s  a s s umed t h a t  impac ted area var i e s  
l i ne a r l y  with the rate o f  d i s charge . The e s t ima te s o f  
impac ted area s g iven i n  Tab l e  A - 4  for near o f f  s hore waters 
were b a s ed on a d i sc harge r ate of  1 c ub ic foo t per s econd 
( equiva l ently , 2 6 , 9 3 0  g a l lo ns/hr or 1 5 , 3 9 0  bb l/day ) . Hence , 
to obta i n  an e s t imate o f  total impac ted are a , the total 
br ine d i s charge rate in a region can b e  d ivided by 1 c ub ic 
foo t per s econd and mul t ip l i ed b y  the e s t ima t e s  o f  area 
impacted a s  a result o f  the 1 c ub ic foot per s econd d i s charge . 
An e s t imate o f  total o i l f ield br ine s d i s cha rged into near • 
o f f s hore Gul f o f  Mex ico wate r s  has b e en made b y  S ackett and 
Brook s . 1 9  They g ive a f igure o f  1 5  x 1 0 7 l i ter s/day o r  

1 9
w .  Sackett and J .  Brook s , ' ' O r i g i n  and D i s tr ibutions 

o f  Low Mo lecular We ight Hydrocarbons in Gulf of Mexico Co a s ta l  
Wa ters , '' 

in Mar ine Chemi s try i n  the Coa s ta l  Environment , ed . 
by T .  Churc h� Amer ican Chemi cal S o c i e ty S ympo s ium S e r i e s  1 8 , 
1 9 7 5 . 
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:i:-1 
I-' \.0 

S ITE 

Hackberry Bay 

Cook I n l e t  

Grand I s le 
( Gu l f  o f  Mex ico ) 

Ship Shoa l 
( G u l f  o f  Mex ico ) 

TABLE A - 4  

S UMMARY OF I MPACTS I N  OFFSHORE AREAS 

LOCATI ON 

N ear s ho re 

Near shore 

Near O f f  shore 

Far O f f s hore 

P ROBABLE AREA 
OF IMPAC T  Z ONE 

Entire bay 2 
( ca 1 9 2 , 0 0 0 , 0 0 0  f t  ) 
( 6 . 8 8  mi 2 ) 

( ca .  5 , 0 0 0 , 0 0 0  f t
2

) 
( 0 . 1 8 mi 2 ) 

2 
4 0 0 , 0 0 0 - 4 , 7 0 0 , 0 0 0  f t  
( . 0 1 4 - . 1 7 m i 2 ) 

2 , 0 0 0 , 0 0 0 - 2 
4 , 0 0 0 , 0 0 0  f t  
( . 0 7 - . 1 4 mi 2 ) 

ECOLOGY 

H ighly product ive , suppo r t s  
blue crab , panae id shr imp , 
and o ther commerc i a l ly 
impo r tant s pp . 

Re l a t ive ly i n fe r t i l e  due to 
continuous bo ttom scour i ng 
by t i d a l  currents and to 
h i gh turbid ity 

H ighly p roduc t ive , s upport s  
s eve r a l  commerc i a l ly impor
tant or spo r t  spec i e s  

H ighly product ive , s uppo r t s  
several  comme rc i a l  or s port 
spec i e s  

Sourc e : Energy Resourc e s , O f f s hore Report , p .  8 - 4 . 



about 9 0 0 , 0 0 0  bbl/day . D ivid ing 9 0 0 , 0 0 0  by 1 5 , 3 9 0  g ive s a 
fac tor o f  approximately 6 0 . The near o f 2 shore results  in 
Table A - 4  mul tipl ied by 6 0  give an e s timate o f  from 0 . 8 4  to 
1 0 . 2  s quare m i l e s  o f  near o f f s hore Gul f  o f  Mexico waters 
adve r s e l y  impac ted a s  a result of the c urrent l eve l of br ine 
d i s charge . 

For far o f f shore Gul f o f  Mex ico water s , the s ame c orrunents 
hold regard ing the e s t ima tion of reg ional impac ts from the 
results  g iven in Tab l e  A - 4 . For far o f f s hore Gul f o f  
Mex ico water s , Sacke tt and Brooks given a n  e s t imate o f  4 . 6  x 
1 0 7 l iters/day o r  2 7 4 , 0 0 0  bbl/day for the to tal brine d i s 
charge rate . D iv id ing by 1 5 , 3 9 0  a s  above g ives a fac to r  o f  
1 8  b y  wh ich to mul t iply the e s timates o f  impac ted area g iven 
in T ab l e  A-4 for far o f f shore wa ters . The r e s ul ting e s t imate 
of to tal impac ted area is from 1 . 3  to 2 . 6  square m i l e s  in 
far o f f shore Gul f o f  Mexico water s . 
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APP END I X  B 

SUPPLY PRICES AND MARKET P RI CE S  
F O R  PETROLEUM P RODUCTS 

As s uming tha t  the supply price of each r e f ined produc t 
r i s e s  by the facto r  ( 1  + µ ) , cons i s tent with approxima te ly 
cons tant pas s throughs o f  cos ts on the s upply s i de , a s imp l e  
l inear market model i s : 

Before Af ter 

Demand : 
d d 

q = a + Bp l 
q = a + Bp 2 

S upply : 
s 

q = y + o p 1 q = y + 0 ( 1 + - 1  s µ )  P 2 

Ma rke t  Clearing : 
d s d s 

P 1 
= P 1 P 2 = P 2 

where q i s  quanti ty and p i s  p r i c e  ( i n real value s ) . 

The equi l ibr ium prices  ( pe ) i n  the s e  two s i tuations 
are : 

and 

e a - y 
P 1 = o - S 

e = ( 1  + µ ) ( a  - y )  
P 2 o - S ( l  + µ )  

s o  tha t  the proportiona l  increase in mark e t  price cons equent 
upon the given increase in supply pr i c e  i s : 

� =  
p 

= µ o  
o - S ( l  + µ )  

As the variab l e s  are mea sured i n  logar i thmi c uni t s , 
only the price e la s ti c i ti e s  o f  demand ( S ) and supp ly ( o )  
inf luence the degree o f  pa s s through o f  supp ly price increases  
o nto marke t  prices . 
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I t  can be seen tha t : 

Limit [6P J = )J S-+O  P 

and 

Limit [6 P) = 0 S-+co P 

whi l e  

Limi t  [ Lp l = 0 o-+O  p j 

and 

Limit /6P ) = )J o-+co ·, P 

and 

0 < � < )J p 

for )J > 0 .  

The importance o f  the supply e las tic i ty can be i l lu s 
trated geometric a l l y  ( F i gure B- 1 ) . The upwa rd s h i f t  in the 
s upply curve for the spec i f i c  product by a fac to r  o f  ( 1  + µ )  
f rom S 1 to s 2 creates exce s s  supp ly equa l to ( ab )  a t  the new 
s upply price . S e l l er s , there fore , accept a sma l le r  price 
increa s e , wh ich , by s timulating supp ly and reduc i ng demand , 
eventua l l y  e liminates the exce s s  supp ly . I f  the supp ly 
curve i s  price- ine l a s tic , as imp l i ed i n  the production 
analys i s  ( o  = 0 . 1 8 comparing B a s e  Ca s e  and S ta ge I I  produc tion 
leve l s ) ,  marke t prices rise only s l i ghtly , from Pf to p� . 
I f , howeve r , the abi l i ty o f  the o i l  compan i e s  to r e s t r i c t  
competi tion i s  sub s tanti a l , l the price e la s ti c i ty o f  supp ly 
in the downwa rd direc tion may be much greater than i n  the 
upward one ( S i and S � ) .  The new equ i l i brium price p� 1

i s  
corre s pondingly greate r . 

1 
f . 1 

. 
I i t  were tota , as i n  the carte l , th e concept o f  a 

s upply curve i ts e l f  would become i nva l i d . 
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p 

D 

a b 
q 

F igure B - 1 .  S upply e l a s t i c i t i e s  and market p r i c e s . 
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Accordingly , a dis continu i ty in supply e l a s ti c i ty a t  
preva i l i ng ma rke t prices wi l l  be a s sumed , and a middl ing 
value ( o  = 1 )  a s s igned to the s upply e la s t i c ity for movements 
down the supply curve . 
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RES IDUAL LOAD INGS FROM O I L  P RODUCT I ON 
BY PETROLEUM SUPP LY REG I ON AND BY METHOD OF RECOVERY 

FOR EACH ALTE RNAT I VE PRIC ING POL I CY 





APPENDIX C 

RES I DUAL LOAD INGS FROM O I L  P RODUC T I ON 
BY PETROLEUM S UPPLY REG I ON AND BY METHOD OF RECOVE RY 

FOR EACH ALTERNAT I VE P R I C I NG POLICY 

The 3 6  tabl e s  i n  thi s appendi x  s how the pre l iminary 
i n formation that i s  input to the Environmenta l Re s i�ua l 
A l location Mode l d eve loped for P ro j ec t  Independence and 
sub s equently mod i f ied to inc lude the impac t s  o f  tertiary o i l  
recovery . The tab l e s  are o f  two forms . There are 1 8  
t ab l e s o f  each form corre sponding to 1 9 7 5 , the 1 6  a l terna
t ive s for 1 9 7 9 ,  and 1 9 8 5 .  The f i r st form ( Table s C - 1  to 
C - 1 8 )  s hows leve l s  of r e s idua l s  gene rated by o i l  produc tion 
f o r  e ac h  P e troleum S upply Region ( se e  F igure C - 1 ) . The 
s e cond form ( Ta b le s C - 1 9  to C - 3 6 )  s hows nationa l r e s idual 
loading s  f rom o i l  produc tion by me thod of recove ry . In 
a dd i t ion to provid ing i nput to the environmental a s s e s sment 
mode l ,  the s e  tab l e s  p rovide in them s e l ve s  in summary f a shion 
informat ion on the regional and technological e nvi ronmental 
imp l ications o f  o i l  produc t ion unde r the a l te rnative pr i c ing 
po l i c ie s .  

1
Energy Re sourc e s  C ompany I nc . , A s s e s smen t  o f  the Environ

!!lental Imp l i c a t ions of P ro j ec t  Independence , prepared for the 
U . S .  Environmenta l P r otec tion .Agency , ,Ju l y  1 9 7 6 . 
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N P C  
P HODUC'f I ON 

HEC I ON 
( l , U O O  b b l s /  

d a y ) 

N m.· th S l ope 
l) 

1 9 0 
() 2 
I Vi () 

w 2 /\  
2 2 0  

] 
J lj l) 

4 
b 2 0  

'j 
2 0 5 0  

6 2 /j ll lJ  
6 1\  

9 9 0  

., 
7 30 

8 - 9 - 1 0  
2 2 0  

l J  1 1 0 

11 /\  0 

Na t i on a l  'fo l a l s  8 3 8 0  

'l'ABLE C- 1 

REG I ONAL POLLUTI ON LOADINGS FROM O I L  P RODUCTI ON 

1 9 7 5  

OHG/\N I CS P J\ R'l' I -
NOx SOx 

l l Y  DHO-
( 1 0 0  t o n s /  C lJ J  ,/\'l'ES 

( t o n s /da y )  ( to n s/nil �' ) 
C /\ H BON S 

d a y )  ( to n s /d a y ) ( to n s /d a y ) 

0 0 0 0 0 

() . O IHJ o 7  0 u 0 0 
0 . 0 1 'J 5 h ll J lj , lj 8 7 . 1 2  1 % . �! 2 . B 8 

0 .  0 '.) 5 (i G  () () 0 () 

O . O O 'I O Bil 0 0 () 0 

0 . 0 1 8 1 0 '1 0 0 0 0 

0 . 0 � 9 8 6  0 0 0 0 

0 . 0 7 1 2 '1 8 0 0 0 (> . 3 ') 
o . 2 5 o q 7  0 0 0 0 

0 . 0 2 1 3 1 6  0 0 0 0 

0 . 0 0 6 lj 2 ll 0 0 0 0 

0 . 0 0 3 2 1 2  0 0 () () 
() () 0 0 0 

0 . 5 5 8 0 1 6 1 4 . 4  8 1 . 1 2 1 9 6 . 2 Y . 2 3 

C/\HllON V I X IW 
MONOX l DE ! .l\N l l  

( t o n s / d i1 y )  ( J O I) il C l <' O. )  

() u 

0 11 . ' ) ' J B  

() .  1J 7 b  1 .l 'J . F> 

0 ') . ) / II 

0 ;' <) . ];-' 

0 ) ,-' I\ . ' ) (> 
0 11 ; • r  • •  11 

3 1 . 2 '.J ·) u ·,1 . c) ;_· 

0 ;J � .  9 1 .> H 

0 l ' i 1 . 1 \ l j  

() i i ' ) . 7 b  

0 c'? . B H 

() ( )  
3 1 . 8 2 6  1 4 8 5 . 7 2  



N P C 
P HODUCT I ON 

H EG J ON ( l , 0 0 0  b b l s /  
d a y )  

No r t h S lope 
1 1 1 ;: 0  

1 
L ! O 

() 2 
I ') ') 0  

.!'> 
2 1\  

') 0  

] Hl O 
4 

lj '1 0 

5 1 () G 0 
G 

2 l> 3 0  

6 1\  
1 3 5 0  

7 
'.) 2 0  

fJ - 9 - 1 0  l b O  
Jt 

1 0 0 

1 1  /\ 0 0  

Na t i o n a l  'l'ot<1 l s  9 7 5 0 

TABLE C- 2 

RE GI ONAL POLLUT ION LOADHlGS FHOI-1 O I L  PH.O DUCTI ON 

BASE CASE 
( 1 9 7 9 )  

O HC/\N I CS l' /\ R'f l -
NOx sox 

l l Y D HO -
( 1 0 0 t-.o n s /  CUJ./\'l'ES 

( to n s /d a y )  ( ton s /L1 a y )  
C/\ HBON S 

d a y )  ( t o n s /cl a y ) ( to n s /da y )  

() . 0 11 1 11 0 11 0 0 0 0 

0 . 0 .3 0 3 ii 0 0 0 () 
0 .  0 2 /J 'J U IJ 1 3 .  u 8 2 . �><J 1 W>- 3 ; . 7 �!_ 

0 . 0 2 2 7 7  () () 0 0 

o . o o s 2 •.J u  0 0 0 0 

0 . 0 1 3 7 ;2 1.1 IJ () 0 0 
0 .  () IH\11 7 2  0 0 0 0 

o .  0 7 & 7 ')6  0 0 0 1 2 .  7 
u .  J ll 1 '.J '.i  0 () 0 () 
() . 0 1'.J  lil ll 0 0 0 0 

O . Q 0 11 fl 7 2 0 0 () (J 
(J .  0 0 2 9 2  () 0 0 0 

o .  o 1 5  rn 0 0 () {) 
0 . 6 4 7 2 5 6  1 3 .  6 8 2 . 2 8 1 8 5 . 3  l 'J .  4 2 

C/\ IWON r·· 1 x 1m 
MON O X I DE l./\N l l  

( to n s /d ;l y )  ( t o o  .1 r · � c' :> )  

() ? '. } 1) .  :\1 1  

0 ·' . ') ( )  11 

0 .  'j ll lj ;_1 ( ) I  J • {) ;! 
0 ;; � I ? : )  
u ) ",' • 11 IJ 

() l) 7 . '/ {) 
() ) 11 '.i . �.'H 
() 2 . '.i ') 11 · r . (j lj 

0 '\,: • () '.7 

0 l U ll . l t > 

0 � ") • �> ( ;  
0 / f ) . ,() 

() J • 11 1) r 1 

6 3 . 0 � 4  1 7 3 0 . 7. 4  



N P C  
i ' HODUCT I ON 

( l , 0 0 0  bb l s / 
in:caoN 

d a y ) 

No r- t h  S l ope 
1 11 2 0  

l 
1 20 

n 2 
I 1 0 '.) 0  Vl 2 /\  

1 b 0 

] 
m o  

'1 ') ll O 
5 

1 6 9 0  

G 
2 9 8 0  

6 /\  
1 39 0  

7 
5 6 0  

0 - 9 - 1 0  2 1 0  

l J  1 00 

l l l\ b O  

N o t i o n a l  T o ta l s 1 0 4 6 0  

TABLE C- 3 

REGIONAL POLLUTION LOADINGS F ROf� O I L  P RODUCTIOH 
I IA 

( 1 9 7 9 )  

ORG/\N I CS P /\ RT I - l l Y DHO-
( 1 0 0  t o n s /  NOx SOx C ! I I./\'l'ES 

( t o n s /d a y ) ( to n s /n a y ) 
Cl\ RBONS 

d a y )  ( Lo n s /d a y )  ( to n s / da y )  

o .  O il 1 4 (J lj 0 0 0 0 

0 . 0 30 3 6  0 0 0 () 

0 . O J O (l 6  1 3 .  (J 8 2 . 20 1 8 ') .  3 2 B . 1 2  

0 .  0 11 () 4 /.l 0 0 0 0 

0 .  0 0 5 2 'i 6  0 0 0 0 

0 . 0 1 5 7 6 8  0 0 0 0 

0 .  0 11 9 3 1 1 8  0 0 0 0 

0 . 0 8 7 0 1 6  0 0 0 2 5 . IJ 
0 . 3 5 1 6 7  0 0 0 0 

0 . 0 1 6 3 5 2  0 0 0 0 
0 . 0 0 6 1 3 2 0 0 0 0 

0 . 0 0 2 9 2  0 0 0 0 

0 . 0 1 5 1 8  () 0 () 0 

0 . 6 9 2 6 0 6  1 3 . 6  8 2 . 2 8 1 8 5 . J  5 3 . 5 2 

Cl\Hl lON F I X E D  
MONOX J DE J .l\ N D  

( t o n s/<l d y )  ( 1 0 0  i l C H' S )  

0 ;>9 '_;, • 3 (> 

() ;' • <) () I J  

1 2 '.) . 5 1J lj ;> l ll . 11 

0 :.i . B7 / 

0 Tl . 11 11 

0 1 j;J .  :v 
() 3' i  1 • 'J ;' 
l . ) [ L .) b 1 ') . (l lJ 

() j J . b ] B  

0 l l b  . 11 /l 

0 113 .  hi\  

0 ;>() . ii 

() l . 11 ' > ,: 

2 5 0 . 5 4 4  l fl 5 7 . 7 1 



!W C 
P HO D U CT I ON 

HEC:I ON ( l , 0 0 0  bb l s /  
d <1 y ) 

N o r l h  S l ope 
1 11 ;: 0  

I. 
1 20 

0 2 I 1 0 6 0  °' 
2 /\ 

1 G O 

) 
l H O  

4 1_; 11 0  

5 
1 h 9 0 

6 
2 9 1l 0  

6 /\  
1 39 0 

7 5 6 0  

3 - 9 - 1 0  2 1 0  

11 1 00 

1 1 /\ GO 

N o t  i. o n a l  'l'o l a l s  1 0 4 7 0  

TABLE C - 4  

REGIONAL POLLUTI ON LOADINGS F ROM O I L  P RODUC T I ON 

I IB 
( 1 9 7 9 )  

O HG/\N I CS P /\ HT I -
NOx Sox 

l l Y DHO-
( 1 0 0  ton s /  C U L/\ TES 

( ton s/da y )  ( ton s/clil y )  
C/\HBONS 

d a y )  ( to n s / d a y ) ( to n s / d <i y )  

0 .  O 'l 1 '1 6 11 0 0 0 0 

o . 0 3 0 3 b  0 0 0 () 
0 . 0 3 0 ') '} 2  

111 . 
11 WI . 1 2 1 9 6 . 2 2 8 . 2 8 

o . o iw 11 u  0 () 0 0 

0 . 0 0 5 2 5 6  0 0 0 0 

0 .  0 1 5 7 f> H  0 0 0 0 

0 . 0 11 9 3 11 8  0 0 0 () 
O . O ll 7 0 1 b  0 0 0 2') . lj 
0 . 3 5 1 6 7 0 0 0 0 

0 . 0 1 6 3 5 2 0 () 0 () 
0 . 0 0 6 1 3 2 0 0 () () 
0 . 0 0 2 9 2  0 0 0 () 
0 .  0 1 ') 1 1! 0 0 0 () 
0 . 6 9 2 8 9 8  1 4 . 4 8 7 . 1 2 1 9 6 . 2  5 3 . 6 8 

C/\ !UlON F J X E D  
MONOX l Df. l./\N D 

( tn n s/dil y )  ( J 0 0  .i c n• s )  

() ? <) 'y . 3 h  
0 2 .  9 0 11 

1 2 ') .  '> 7 6  2 2 0 . IJ ll 

0 3 . w7 ;: 
0 37 . 1 1 1 1 

0 1 1 ? .  3 2  

0 3'>  1 .  ') ;>  
1 2 ') () j • ) .  (j lj 

() 3 ) .  (, J I\ 

() 1 l h . 11 1) 
0 11 3 .  r , 1 ;  

() ? U . H  

0 J .  1p, ,' 
2 5 0 . 5 7 h  U l 5 9 . 7 9  



N P C  
P HODU C'l'ION 

HEG T ON 
( l , 0 0 0  bb l s /  

day ) 

N o r l h  S l ope 
1 4 2 0 

() l 
I 1 2 0 

-.J 
2 

1 0 20 

2 1\  
1 6 0 

3 
l ll O  

� 
'> ll O 

5 
1 6 7 0  

6 
2 9 5 0  

6 1\  
1 39 0  

7 
'j G O  

0 - 9 - 1 0  
2 1 0 

11 
1 00 

1 1 /\ bu 

N n t i o n a l 'l'o ti:i l s  1 0 3 8 0  

TABLE C- 5 

REGIONAL P OLLUT I ON LOADINGS F ROM O I L  P RODUC T I ON 
I IC 

( 1 9 7 9 )  

O RGAN I C S  P l\ RT I -
NOx SOX 

l l Y DRO-
( 1 0 0  t o n s /  C U L!\ TES 

( ton s/da y )  ( ton s /<1il Y )  
Cl\HBON S 

d a y )  ( to n s /d a y ) ( to n s /d a y )  

o .  0 11 1 4 6 '1 0 0 0 0 

0 . 0 3 0 3 6  0 0 0 0 

0 . 0 2 9 7 (1 4  1 3 .  G 8 2 . 2 8 1 8 5 . 3 2 . 7 2 

0 .  0 4 U ll ll 0 0 0 0 

0 . 0 0 5 2 5 6  0 0 0 0 

0 . 0 1 57 6 B  0 0 0 0 
0 ,  O tJ U7 (i tj 0 0 0 0 

O . O B 6 1 4  0 0 0 1 2 . 7  

0 . 3 5 1 6 7 0 0 0 0 

0 . 0 1 6 ) 5 2  0 0 0 0 

0 . 0 0 6 1 3 2 0 0 0 0 

0 . 0 0 2 9 2  0 0 0 () 

0 . 0 1 5 H l  0 0 0 0 
0 . 6 9 0 2 9  1 3 .  6 8 2 . 2 8 1 8 5 . 3  1 r; .  4 2 

Cl\RnON 
MONOX I DE 

( t on s /t lc1 y )  

() 
0 

0 • 5 1p1 

() 

0 

0 

0 

6 '' r L • _) 

0 

0 

0 

0 

f) 
6 3 . 0 � 4  

fo' J X lm 
l.l\N 11 

( 1 0 0  iHT C' S )  

2 ') ') . 3 (> 
2 .  ') I I  II 

? 1 ? .  l li 

3 . 1.n "· 

:p . 11 11 

1 1  �� • 3 ?  

3 11 7 . l <• 
b 1 3 .  (, 

3 ·� . 1. _w  
1 1 1 > , IJ B 

11 3 .  6 B  

�.) ( ) • ; s 

1 .  II ' > <"' 
1 R 4 l . 0 7 



N P C  
l' HODUC'l' I ON 

( l , 0 0 0  bb l s /  
HEG J ON 

d a y ) 

N o 1� t h  S l ope 
1 4 20 

1 20 

n 2 
1 1 1 0 I 

00 
2 l\  1 6 0 

) 1 8 0 

4 5 4 0  

s 1 750 

6 2960 

6/\ 1 3 8 0  

7 5 4 0  

0 - 9 - 1 0 2 1 0  

1 1  1 00 

l ll\ 60 

Na t io n a l T o t a l s  1 0 5 ) 0  

TABLE C- 6 

REG I ONAL POLLUT I ON LOADINGS F ROM O I L  P RODUC T I ON 

ORG/\N I C S  P /\ RT I -
( 1 0 0  t o n s /  ClJf,l\'l'ES 

d a y )  ( to n s/day ) 

0 . 0 4 1 4 6 4  0 

0 . 0 3 0 3 6  0 

O . O J 2 4 1 2  1 6 . 8  

0 , (, 4 0 4 8  0 

0 . 005256 0 

0 . 0 1 5 7 6 8  0 

0 , 05 1 1  0 

0 .  0 8 6 4 :3 2  0 

o . 3 4 9 1 4  0 

0 , 0 1 5 7 6 8  0 

0 . 006 1 3 2 0 

0 . 002'7 2  0 

0 . 0 1 5 1 8  0 

0 . 6 9 2 4 1 2  1 6 .  0 

I IA I I IA 
( 1 9 7 9 )  

NOx 
( ton s /da y )  

0 

0 

1 0 1 . 6 4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

l O L  6 4  

l l Y DHO-
Sox 

Cl\IUJONS 
( ton s /a ay )  

( to n s /d a y ) 

0 0 

0 0 

2 28 . 9  4 1 . 4 6 

0 () 

0 0 

0 0 

0 0 

0 30 • .l 

0 0 

0 0 

0 0 

0 0 

0 0 

2 2 0 . 9  7 9 . 5 6 

Cl\ 11llON F J X E D  
MONOX l l>I' L/\ND 

( t: o n s /d i1 y )  ( 1 0 0 il c r e s )  

0 2</:.\ . 3 6 

0 2 . '704 

1EIB , 1 7 2 230 . 88 

0 3 . 0 7 2  

0 3 7 . 4 4 

0 1 1 2 . 3 2 

0 31. 4 . 

l ff7 . 5 b l '..\ . bO 

0 :11 3 , :vn, 

0 1 1 2 .  :11 2 

() 4 3 . 1.1 8  

() 20 . B  

0 1 .  4 �:.:; 2 

3 7 5 . 6 7 2  1 8 7 4 . 1  



N P C  P RODUCT I ON 
( l , 0 0 0  bb l s /  

HEG I ON 
d a y )  

No r l h  S l ope 
1 4 2 0  

1 

0 1 2 0 

I 2 
l.D 1 1 1 0 

2 11  
1 6 0 

3 
1 8 0 

4 
5 4 0  

5 
1 '750 

6 
2 'J 1 0  

6 11  
1 3 8 0  

7 
5 3 0  

ll - 9 - 1 0 2 1 0  
1 1  

1 00 

1 1 11 
6 0  

Na t io n a l  'l'o t a l s  1 0 4 7 0 

TABLE C - 7  

REG I ONAL POLLUT I ON LOADINGS F ROM O I L  P RODUC T I ON 

I I B  I I IA 
( 1 9 7 9 )  

ORGl\N I CS P l\ RT I - I I Y DHO-

( 1 0 0  t o n s /  C U J,l\'r E S  
NOx Sox 

( t ons/da y )  
Cl\R nONS 

d a y )  ( to n s /d a y ) 
( ton s /�1 a y )  

( tons/ d n y )  

0 • .) 4 1 4 6 4  0 0 0 0 

o . o 3 0 3 b  0 0 0 0 

0 . 0 3 2 4 1 2  1 6  . IJ 1 0 1 . 6 4 2 2 8 . 9  4 1 . 4 6 

0 . 0 4 0 4 8  0 0 0 0 

0 . 005256 0 0 0 0 

0 . 0 1 5 '768 0 0 0 0 

0 , 05 1 1  0 0 () 0 

0 , O B 4 'i'"72 0 0 0 3 13 . 1  

0 , 3 4 9 1 4  0 0 0 0 

0 . 0 1 5 4 '7 6  0 0 0 0 

0 . 00 6 1 3 2 0 0 0 0 

0 . 0 0 2 9 2  0 0 0 () 

0 . 0 1 5 10 0 0 0 0 

0 . 69 0 6 6  1 6 .  ll 1 0 1 . 6 4 2 2 8 . 9  7 9 . 5 6 

Cl\ HOON F I X F: D  

MONOX I rm I ,/\N D 

( t o n s /cf a y )  ( 1 0 0  il C l:-C' S )  

0 2 9 5 . 3 6 

0 2 . 9 0 4  

1 8 0 .  1 '7 2  2 3 0 . 0fl 

0 J , ff/2 

0 37 , 4 4 

0 :L 1 2 .  3 2  

0 3 6 4 . 

ln7 . �'i 6 0 '.'i . 2 B  

0 3 3 . 3 '7 6  

0 l l 0 . 2 4 

0 4 3 . 6 B 

0 20 . n  

0 l .  4 �:;; 2 

3 7 5 . 6 7 2  1 8 6 1 . 6 2 



N P C  
P RODUC'r I ON 

H EG I ON 
( 1 ,  o o o  b b l s /  

d a y ) 

No r t h S lope 
1 4 20 

1 
1 2 0 

() 2 I 1 1 1 0 

I-' 
2 /\  0 

1 60 

J 
1 00 

4 540 
5 

1 7 50 

6 
3030 

6/\ 1 3 90 
7 

56() 

8 - 9 - 1 0  
2 1 0  

1 1  
1 0 0 

1 1 /\ 60 

Na t io n a l  'l'o ta l s  1 0 6 3 0 

TABLE C- 8 

REGIONAL POLLUTI ON LOADINGS · ·FROM O I L  P RODUCT I ON 

·I I C  I IrA 
( 1.9 7 9 ) 

ORG/\N I CS P /\ R1' 1 -
NOx SOx 

llY DRO-
( 1 0 0 tons/ ··cu r./\'rES 

( tons/da y )  ( tons/oay ) 
C/\RBONS 

day ) ( tons/day ) ( to n s /dR y )  

0 . 0 4 1 4 6 4  0 0 0 0 

0 . o :�W 3 6  0 0 0 0 

0 , 0 3 2 4 1 2  1 6 ,  B 1 0 1 . 6 4 2 2 B . 9  4 1 . 4 6  

0 , 0 4 0 4 0  0 0 0 0 

0 , 005256 0 0 0 0 

0 . 0 1 �'i 7 6 0  0 0 0 0 

0 . 05 1 1 0 0 0 0 

0 , 0 0 8 4 7 6  0 0 0 30 . 1  

o . :35 1 6 ? () 0 0 0 

0 .  0 1 6 3 '.'") 2 0 0 0 0 

0 . 00 6 1 3 2 0 0 0 0 

0 .  0 0 2 '12 0 0 0 0 

0 . 0 1 '.) 1 8  0 0 0 0 

0 . 6 9 7 ') 7  1 6 . 8 1 0 1 .  6 4  2 2 8 . 9  7 9 . 5 6 

C /\ H IJON F J Xlm 

MON OX I DE J./\N D 

( ton s/day ) ( 1 0 0  a c re s )  

0 2<J�j . �� (,, 

() 2 . 9 0 4  

l lJ B . 1 7 2  2 JO , B B  

0 J , B 7 2  

() 3 7 . 4 4 

0 1 1 2 . 3 2 

0 J t. 4 . 

1 0 7 . 5  6 �rn . 2 4  

() 3 3 . 6 J B  

() 1 1 6 .  4 0  

() 4 3 . 611 

0 20 . n 

() 1 f 4 �5 ?  

3 7 5 . 6 7 2  1 3 9 1 . 0 7 



N P C  
P llOl>UCl' I ON 

ru;G I ON 
( l ,  0 0 0  bbl$/ 

day ) 

Nor t h  S lope 
1 4 20 

1 20 

() 
2 I 1 1 20 t--' 

t--' 2/\ 
1 60 

] 
1 80 

" 
540 

5 
1 780 

6 
2890 

6 /\  1 3 70 

7 
520 

0 - 9 - 1 0  2 1 0  

l J. 1 00 

1 1 /\ 60 

N il t io n a l To ta l s  1 0 4 7 0  

TABLE C - 9  

REGI ONAL POLLUT ION LOADINGS F ROM O I L  P RODUCT I ON 

! IA I I I B 

( 1 9 7 9 ) 

ORGAN I CS P/\H1' I -
NOx SOx 

llY UHO-
( 1 0 0  tons/ CUL/\'l'ES 

( tons/da y )  ( tons/a a y )  
C/\HIJONS 

d a y )  ( tons/d a y )  ( tons/da y )  

0 . 0 4 1 4 6 '1  0 0 0 0 

0 . 0 3 0 :1 6  0 0 0 0 

0 , 032704 l b , 8  .t o .t  . 6 4 228 . 9  4 1. . 4 6 

0 . 0 4 0 4 0  0 0 0 0 

0 . 005256 0 0 0 0 

0 . 0 1 5768 0 0 0 0 

0 . 05 1 '7"76 0 0 0 0 

0 , 004300 0 0 0 30 . 1  

O d 4 6 6 1  0 0 0 0 

0 , 0 1 5 1 8 4 0 0 0 0 

0 . 0 0 6 1 3 2  0 0 0 0 

0 .  00 2'72 0 0 0 () 

0 . 0 1 ::1 1 0  0 0 0 () 

0 . 6 0 8 4 2 2  1 6 . 0 10 l .  6 4  2 2 8 . 9 7 9 . 5 6 

C/1 1!1\0N F' J x rm 
MONOX l l lE !,/\NIJ 

( t ons/d<1y) ( 1. 0 0  il C r <' S )  

0 2r15 • ��b 

0 2 . 90 4  

1138 . 1 72 2 3 :: . .  9 6  

0 3 .  ff72 

0 3 7 . 4 4 

0 1 1 2 .  J :> 

0 .F0 . 2 4 

1 8 7 . 5  6 0 1 . 1 2 

0 :n . 1 :·.1 4 

0 1 0 B . 1 6  
0 4 3 . 60 

0 :w . u  

0 1 • 4 �:; ::.> 

3 7 5 . 6 7 2  l fl (, l .  1 6  



N l' C 
P HOIJUC'J' [ ON 

( J , 0 0 0  hh l s /  
IU :< ; I  ON o il y ) 

No1: l h  S l ope 
l. '1 2 0  

1 :•o n 
2 I 

1 1 2 0  f-' N 2 1\  
1 60 

HJ() 

3'10 

J 
1 7 0 0  

6 
2EJ .l0 

(, /\ 
. t :l 6 0  

7 
5 2 0  

B - 9 - 1 0  
2 1 0  

1 1  l ()() 
11 1\ 60 

N a t i o n a l  To t a l s  1 0 4 0 0  

TABLE C- 1 0  

RE G I ONAL POLLU'l'I ON LOADINGS FROM O I L  P RODUCT I ON 

I I B  I I I B 
( 1 9 7 9 )  

OHGl\N I CS Pl\HT I - l l Y IJHO-

( 1 0 0  t o n s /  CULl\'l'ES 
NOx sox 

( t on s/<la y )  ( Lon s /nay ) Cl\IUJONS 

d a y )  ( l on s/<l a y )  { tons/da y )  

0 , 0 '1 1 '1 6 '1 0 0 () 0 

o .  o:rn :v, 0 0 () () 
0 . 0 3 2 7 0 '1 1 6 . n  1 0 1 . 6 ·1 2 2 0 , 9  4 .1.  ' '1 6  

0 , 0 '1 0 '1 0  0 0 () (\ 

() ' (\Q�)2'.'J6 0 0 0 () 
0 . 0 1 5 7 6 13 0 0 () 0 

O , O '.'d '? 7 6  0 () () () 
0 . 0 0 2 6 3 6  0 () 0 :rn ,  1 

() , 3 '1 '1 0 11 0 I) () (l 

() . 0 1 '.j l 8 '1 () (l () 0 

() , ()()6 1 3 2 () () 0 �) 

o , o o: .. !<;12 () () () () 
o .  o·.1 •; t o  0 () () () 
0 . 6 8 4 1 4  1 6 . B  1 0 1 . 6 4 2 2 !1 . 9 7 9 . 5 G  

Cl\ JHlON F I XEll  

MONOX l lJE I .l\N ll 
( to11;; /d a y ) ( J O O il C r f' S )  

() ::.>q '.:J . :·� 6 

0 2 .  (1 0 4  

L O O , l 7'.'  2�)�.' ' <.J f> 
() --� I t J / �.) 

() ,1 ,1 , 4 '1 

0 :I ·1 2 I --� ::) 

0 : 570 ' '..:' 'I 

t n ? . �; '.) 1 1 11 . 6 '1 

() J :.1 . 9 .1. 2 

(l l (\fl ' 1 6  

(\ '1 3 . MI 

() :? O , H  

() l ' 'I '  . . <.> 

3 7  r, .  r, 7 2  I fl s o . 7 4 



N l' C  
P HOIJUCT I ON 

IH-:G l ON 
( l , 0 0 0  bbls/ 

d a y )  

Nor th S lope 
1 4 20 

l 

0 1 20 

I 2 
f-' 1 1 2 0 w 

2 1\  
1 6 0 

3 
1 80 

5 4 0  

5 
1 7 00 

G 
2970 

61\ 1 3 8 0  

7 5 4 0  

8 - 9 - l O  2 1 0 

lL 1 00 

J I I\ 60 

N a t  i o1 1 a l  Tota l s  
1 0  5 8 0  

TABLE C- 1 1  

REG I ONAL POLLUTI ON LOADINGS F ROM O I L  P RODUC T I ON 

I I C I I I B  
( 1 9 7 9 )  

OHGl\N I CS p l\ll1' 1 -
NOx SOX 

llY DHO-

( 1 0 0  ton s /  CU!J/\'fES 
( to n s /da y )  ( ton s /a a y ) 

C/\HllONS 

d a y )  ( ton s/day ) ( tons/cla y )  

0 . 0 4 1 4 b •1 0 I) 0 0 

o . o J 0 3 6  0 0 0 0 

0 . 0 3 2 7 1) 4  1 6 . 0  1 0 1 . C. 4  22B , <7 •1 l .  4 b  

0 , 0 4 0 4 8  0 0 0 0 

0 .  0052�) 6  0 0 0 () 
o . v t 5 7 l1 B  0 0 () 0 

o . 0'.) 1 '7 7 6  0 0 0 () 
O , O B 6 7 2 4  0 0 () 313 . 1 

0 . 3 4 '1 1 4  I) 0 0 () 
0 . 0 1 5 7 6 0  0 0 () () 
0 . 006 1 3 2 0 0 0 (� 
0 . 00 2 •1 2  () () 0 0 

0 . 0 1 5 t B  0 () () () 
0 . 6 9 J R 7 2  1 6 .  B 1 0 1 . 6 4 2 2 R . 9  7 9 . 5 6 

C /\ H IJON Fl X E D  

MONO X l DE 1.1\NIJ 

( Lo n s /d a y )  ( 1 0 0  a c ne s )  

() :.:.! </�:.:; . �� 6 

() ::.> . 9 0 �1 

1 B B , 1 7 2 2 J 2 , 9 6 

() 3 , B / 2  

() 3 7 , 4 4 

() l 1 2 . 3 :J 

() 3 70 I ::�,, 
1 0 7 . '."; b l l , 'lb 
() :B . J '? b  

() 1 1. ::• , :.1 ? 

() 4 3 , Ml 
() ��o . P 

() l . 4 ' <' 

] 7 C, . G 72 l R ! H . 5 



N J> C  
l' HOIHJCT I ON 

IU·:c I O N  
( l , 0 0 0  l>IJ l s /  

<l a y ) 

Noi: L h  S l o[H' 
1 11 2 0  

1 2 0 
0 2 I 1 0 • ,o I-' ,JO. 21\ 

l (J (J 

W O  

') Jj () 
') l b <J O  

(; 
2 9 B O  

(1 1\ 
1 11 2 0  

., 
5 b 0  

H - <J - 1 0  
2 1 0  

I J 1 0 0  
I l ll  GO  

N a t i o n a l · 'l'q t u l B  ] 0 � 9 0 

TABLE C- 1 2  

REG I ONAL P OLLUT I ON LOADINGS FRO�'. O I L  P RODUCTION 

I IA I I I C 
( 1 9 7 9 )  

OI<Gf\N I CS l ' f\ HT I -
NOx SOx 

II Y DHO-

( 1 0 0  ton s /  Cl lLllTES 
( t ons/rl a y ) ( t o n s /n a y )  

ClllHlONS 

d a y )  ( to n s / d a y ) ( L o n s / d a y )  

() . ()IJ l lj (J Jj IJ () () I )  
0 .  ( )  3 0  j(J () () 0 (I 

0 . 0 3 0 b b  1 3 .  (J u ;' . 2u 1 H 5 .  3 2 B . 1 ;_1 
0 .  lJ li () Jj [l 0 u ( )  0 

0 .  J O ':i �."J b () () () () 
0 .  ()  1 •, 7 () 1 \  () () (l ( )  
0 .  () II '} j li tl () ll u () 
O . O W,' O l b  0 I) 0 2 ') . ,, 
() . 3 5 ') �' (> () I) () 0 

0 .  0 I h 3 '> 2 0 I) 0 (j 
0 . O O b 1 3" u 0 fJ () 
(I . O U ? ') ,} () I) () 0 

I ) . (J ] '.J l i\ (J () 0 0 
0 . 7 0 0 1 9 6  1 1 .  6 8 2 .  2 8  1 8 5 . 3  ') 3 .  5 2 

C f\ P llON VT X lm 
MONOX I m: Lf\N I J  

( l. f l l l S /<l il y ) ( ] 0 () ;H T <' S ) 

I) ,) \) I ) • H> 
() ; ' , ' ) f ) i l 
1 �) (.) . 1.J 11 1 1  ,' 1 1\ . 11 

I) ) . W.' I 

I )  r' .  Jj Jj 

() 1 1 . ' . v 

0 { I 1 1 • f } ( )  

J / l }  b 1 'J .  }l lj 

() ) II . '{ (1  Ji 

() 1 l b . Ji ll 

() 11 J .  r, u 
I) , ' IJ . H  
() 1 : 11 • ) ; )  

2 S O . S tl  t1 l H S  fl . �  1 



N l'C 
P HODUC'l' t ON 

i l , 0 0 0  bb l s /  
HE(; l Oi l  

day ) 

Nn r l h  !":i l opt� 
1 '1 2 0  

0 1 2 0 
I 2 

f--' l lJ IJ U  (.fl 
2 /\  

1 (, 0  

3 l lJ O  
';; l lfJ  

') 
1 IJ<J lJ 

6 2 9 1J O  

6/\ 1 � ! 0  

., '.) (, () 

8 - 9 - 1 0  2 1 0  

ll l U (i 

l l/\ GO 

Na t i o n a l  'l'o l a l s  1 0 5 0 0  

TABLE C - 1 3  

REG I ONAL POLLUT I ON LOADINGS F RO!I O I L  P RODUCTI OH 

I I B I I IC 
( 1 9 7 9 ) 

OflG/\N I CS P/\HT I - sox l lYDHO-

( 1 0 0  t o n s /  CUL/\TES 
NOx 

C/\HOONS 
d a y )  ( tons/d a y )  

( tons/rl <i y )  ( Lon s/o a y )  
( tons/da y )  

0 . 0 11 1 11 (, lj 0 0 0 () 
0 . 0 3 0 J b  0 () () 0 

O . O :JO<p, ; 1 11 . 11 U 7 . 1 ,! l <)(i . ?  ?t: . ;) ll 
0 . () ll ( ) IHJ 0 () 0 () 

O . U U 5 2 J b  0 0 () () 
() . 0 1 5 '{ b lJ 0 () 0 0 

o . 0 � 9 3 11 1J () () 0 0 

0 .  O IJ '7 U  1 b 0 0 () 2'> . � 

lJ . 3'.J 9 2 b  0 0 0 () 

u .  () 1 b ] '_J 2 0 u () 0 

u .  0 0 (> 1 3 2  () 0 0 f) 

0 . 0 0 2 <) 2  0 0 0 ( ) 

ll . lJ l 'j J U  lJ 0 () ll 

0 . 7 0 0 4 0 8  1 4 . 4 fl 7 .  1 2  1 9 6 . 2  S 3 . 6 A 

C/\IHION l" I  X E D  
MONOX I DE l./\N ll 

( lons/d,1 y )  ( J 0 0  '1 c t e ,, )  

lJ ; •<)') . J l> 
I)  �, . <J U  'I 

1 ;� '.> . 1) 7  b ? I U . 'I H 
(I ) . H7 '-) 
u l',' . 11 11 

0 1 1 .' .  3 �' 
() 3 I) 1 • I ) �  I 

1 2 ') f, ] '} . /; 11 
(I ) II . lh 'I 

ll j ] 1 , . ll r\ 

( )  I J � • (, � � 
( )  , i t J  . H 
I) J . ll ' > r l 
2 r1 0 . S 7 f) 1 H r, o . s l 



N l'C 
i '  i\OIJlJC'I' I ON 

H l·:(; L ON ( l , 0 0 0  bil l s /  
day ) 

N o 1· th S lope 
1 4 :co 

J 
n 1 2 0 

I 7 f-' 
1 0 2 0  m 2 11  
l b O 
W O  
'J Iii) 

') l l> 'I O  
G 

29 '.J O  

r. 11 
1 11 2 0  

1 'J GO 
fl - '1 - 1 0  

2 1 0 

J J l iJO 
l l  II Go 

Na t i on a l  'l'o la J s 1 0 4 1 0  

TABLE C- 1 4  

RE G I ON AL POLLUT I ON LOADINGS F ::10M O I L  P RODUC T I Oi'J 

I I C I I I C 
( 1 9 7 9 )  

O HG/\N r es i'll H'l' I -
NOx sox 

l l Y IJFO-

( 1 0 0  Lon s /  ClJJ,/\TES 
( Lo n s /da y )  ( ton s/t1 <1 y )  

C/\JUIONS 
d a y )  ( L o n s /d a y ) ( to n s /rlil y )  

0 .  O lj 1 IJ IJ ll () 0 () 0 
0 . 0 3 0 3 b  0 () () 0 
o .  o ;! <J ? tl l i 1 3 .  G IJ 2 .  2 t\ lb ') .  3 2 .  7 2  
0 .  () ll U 4 ll () () () 0 

() . 0 0' .i <' ') b  () u 0 LI 
() .  o 1 ')/ 61J ll () () () 
IJ .  O ii CJ 7 t • 'i () () ( )  0 
o . u u r, 1 11 () () () l ? . 7  
() . ] 'J ') ? h  () () 0 () 

0 . 0 1 6 3 'J 2 () () () () 
0 .  OOG 1 32 () () () (I 

0 . 0 0 2 9 ;> () () () () 

() .  () 1 5  1 1) () 0 0 () 
0 . 6 9 7 8 6  l 3 .  6 8 2 . 2 8 1 8 5 . 3  l'> . 4 2 

C /\ 11 1\0N 

MONOX I I m  

( l o n s /d <> y )  

0 
() 
o . • i l i lJ 

0 

() 
() 
() 

( ') t-' '� . ) 

() 
() 
0 

IJ 

f) 

() ] .  0 4  4 

F f  X l': D 
J .ll N I J  

( 1 0 0 il < Tr> f< )  

�)()' ) .  H> 
�) . 9!J 1 1  

�1 1 r1 • I <> 

j . H°I ; > 

lI .  l i ll 
1 1 ; ' . V  
j " 7 .  i (1 
Ci 1 ,, . (, 
j Ii . j ( 1  I i  
1 1 1 • .  1 1 1 1  

Ii l . (, I� 
? O  . .' \ 
l . 1 1 ' J t '  

l B 4 l . 7 'l 



N l' C  P ROUUCT J ON 

n;;<_; l ON ( l , 0 0 0  1 ,b J s/ 
J a y ) 

N o r t h  S l ope' 
1 11 �! 0  

1 , ,  () 
() L 
I 1 U 7 U  

f-' 7 1\  -._) l (J () 
J Ib o  

') ll lJ 
') 

1 1> 9 0  

(, <'') l llJ 

GI\ 1 3 'J ll 
1 

'..> G O  

0 ·- 'J - 1 0 
2 1 0  

1 J 1 0 0 

J. ] {\ (J (J  

N a l  i o ili l l  Tol. ;i  l s  i o 4  n o  

TABLE C- 1 5  

REG I ONAL POLLUT I ON LOADINGS F H.OM O I L  P RODUCT I ON 

I I A I I I D  
( 1 9 7 9 )  

O RG ll N I CS P /\ HT I -
NOx sox 

l l Y D fHl -

( 1 0 0  t o n s /  CUL/\ TES ( t: ons/d;i y )  ( ton s/u a y )  
C/\Hl\ON S 

d a y )  ( tons/d a y ) ( tons/cl;i y )  

0 .  O ll 1 11 (, ll 0 () () () 
0 .  O .J 0 3 b  0 0 () () 
() . 0 3 1 2 11 11 1 3 . (J  8 2 . 2U 11) ') . 3 ;l () . 1 ?  
U . () ll () IJ U  () () () IJ 

() . () ()'_) ;; •, () ll 0 I) I J 

() . 0 l ') '( b /J u () 0 u 

O . O li 9 _l ll t) () () 0 0 

0 . U il 'I O  l b  (J 0 () 'H) • I� 

() . :J 'j  1 (, 7  () u 0 (J 

() . u 1 b .J '., ,! () () () u 

0 .  U U G  1 3 <'  (J () 0 0 

0 .  O U ? 'J <'  () [) 0 0 

() . IJ 1 '.J HJ 0 IJ () I )  

0 . 6 9 3 1 0  1 3 . 6 8 2 .  2 8 1 8 5 . 3  S ] . 5 2 

C /\ ll l \ON I" J X l� D  

MONO X T IJE 1 ,1\N I> 
( t 0 1 1 !:-< /d ;i y )  ( 1 0 0  i\ < T f' S )  

0 �! (-} I} ' ) ( > 

IJ ;> . q 1 1 1 1 

1 ? Lj • f) J� Jj ; ' , ' ,_1 . r 1 ( J 
() 1 . < \ '1 ( > 

() r.' . " "  
0 1 1 / . ) r) 

ll � I )  1 • l } I ' 

1 ") 1 ' ' ) 1, l ' J . <l l l 
0 � � 

. 
/) ) ; � 

u 1 1 1 , . 11 1 1 

0 11 .) .  I i i � 
() �'  ( i • l� 

0 1 . 1 1 r ) , ' 

2 S 0 . 5 4 4  J n r, l . fl 7  
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I 

1--' co 

N l ' l :  

J !J:(;  i ON 

No1  L i l S l o pe 

2 

2 11  

'.j 
6 

(, /\ 

., 

fl·- 'l - 1 0  
l l 
ll /\ 

P HOIJU C'J' I ON 

( 1 , 0 0 0  hh l s /  
<l il y )  

J lJ .cU 

1 2 0 

l ll B U  

l b U  

l lJ O  
') lj () 

] (> <)() 
;c 'J iHJ 
1 J 'J O  

� ) ( 1U 

t! 1 i ) 

1 0 0 

(JO 
Nil l i u 11 rl I 'J'ot .1 l s  1 0 4 9 0  

-------

TABLE C - 1 6  

REG I ONAL P OLLUT I ON LOADIHGS FEOM O I L  P RODUCTI ON 

I I B  I I I D 
( 1 9 7 9 )  

O HG/\N l CS P /\ H'l' I -
N O x  s a x  

1 1 Y rrno-

( 1 0 0  ton s / Cl!L/\'J'ES 
( to 11 s /d ci y )  ( l.o n s /ll u y )  

Cl\ llfJON S 

clil y )  ( to n s /d a y ) ( ton s/da y )  

0 .  0 11 1 11 u il ll u () ll 

0 . 0 3(J "j h  u 0 () I) 

() . 0 j l '5 31 J  1 IJ • 1� W/ . 1 2 1 9  (j . :! ;> i! . , ' i l 
o .  0 11 0 11 H  (J (J 0 (J 

0 .  O U 'j ,' 'j fJ u u 0 () 

() . (J 1 ') 7 11 tl  I )  0 0 ( )  

() . f.J l i 'J 3 '1 il (J (J 0 (J 

O . O WI U  J (, () (J ( )  ? 'J • If 

(J . J '.i 1 r, 7 u () (J () 

O .  U I (1 3 ' , , '  u () u u 

O . U lJ u l ) .' u u (J () 

l) . 0 0 ? ' 1 ; '  (j () (J () 

0 . 1 1 1 •, w  (j () () I )  

0 . 6 9 3 4 8 2  1 4 • 4 R 7 .  l 2 l 'J f, .  2 'i 3 .  (, R 

C/\ IWON 
MON OX 1 I J E  

( l o n s /<l ;, y )  

f)  

0 

J � ' r) . '.-) ? l. 1 

( ) 
() 

ll 

0 

1 ? r) 
( )  

( ) 
() 

f )  
() 

7 s o . ') 7 (,  

F l X l-: I J  
l ./\N I J  

( 1 0 () il < : I P S )  

, ) • J ' > · H, 
.' . ' } ! I l l 

, > , ' II . h 'I 

1 \ / ' /  ) . • J .  ( 

l'' . 11 11 

1 l e ' .  ) /  
j '  J J • I 1 , ' 
f, 1 1) . il l l  

� \ .  (i ) ( :  
I I f • .  11 1\  

'I l . 1 1 : ;  

. ' f ) . H 
I .  '1 ' 1 . '  
I fl 6 l . 'J r,  



'!'ABLE C - 1 7  

RE GI ONAL P OLLUT I ON LOAD INGS F ROM O I L  P RODUC T T ON 
I I C I I I D  

( 1 9 7 9 )  

N l' C  P HOIJ\JCT I ON O HGTIN I C S  P TI HT l -
NOx SOx 

l l Y JJ HO- Cl\ lll \ON F l X l-: l l  
m·:c 1 0 N  ( l , 0 0 0  hh l s / ( 1 0 0  t ern s /  C U I  ,!\TES 

( t o n s / d i1 y )  ( t o n s /<li1 y )  
CTI RLIONS MotH )X 1 I J I·: I .Miil 

cl.:i y )  <l i1 y )  ( L o n s /cl a y ) ( t o n s /<li1 y )  ( t o11 s/<l,1 y )  ( ] O i l  il fT<:c; ) 

N o 1  l l ; S l O[lC 
1 11 ;• 0  0 .  ( ) 11 1 4 6 11 0 I) 0 u I) ; >q • ) .  � b  
L'O 0 .  u 3 1 1 3 (, 0 0 0 f) 0 , ' . ') I J  1J 

} 
() l (J lj() o . u :j(J J G U  1 3 .  (, U �! .  � O  1 0 ', . 3 ? • 7 ?  0 . ' > 11 ' 1 ; · 1 1 • .  v 
I 2 ll  t-' Hi O 0 .  (j lj () ll U 0 0 0 0 () { . (� 7 �) \.D J 

1 (\ () U .  O O' _i ? ') b  () () 0 () () 1 '.' . 1 1 11 

'j Ill) u . o  l ')! b H  0 () () () ( )  1 1 ! .  V 
'.) ] /, ? ()  O . O IJ B '.' (1 11 () () 0 () I J  . \ I I  I . _l(J 
(i 

�: () 'J u O .  O ll i; 1 11 () () () 1 ? . 7  ( I  ; 1 . '.> " 1 � . (> 
(i  Tl 

1 3 'J 0  0 .  3 'J 1 (J '7 0 () () () I )  i L l> W 
7 ( ) {J {J O .  O 1 G J 'J ?  l) 0 0 () I) 1 1 1, . 1 1 /j 

H - 9 - 1 0  
? 1 0  U . IJ O G l J ? () 0 () () I I 1 1  ·i .  " "  

11 1 IJI) o .  o o ;• y ;i () () () I) ( )  ; • I J . il 

ll ll h o  u .  ( )  1'J  1 U  () () () () ( )  1 . 1 1 1 ) ; 1  

N a t i on a l  To l i1 l s  1 0 4 0 0  O . G 9 0 8 S 4  l 3 . 6 0 2 . 2 8  l B S .  3 1 5 . 4 2  f, J . 0 0 �  l H •V i . 2 3 



N P C  l' HODlJC'l' J ON 

H J: l ; J  ON ( l ,  0 0 0 i > l > l s /  

<Lt y )  

N o t· L. 1 1  S lope 
? 0 ') 0  

() 1 3 0  
I /. 

N 1 1\ 11 () 
0 2 1\  

(J /j (J 

) IH) 

')'){) 
'i 

l J J O  

(, <'WI O 
(i l\ 

1 11 ;> ()  

7 11 /HJ 
fl ·· ') - ]  0 

W O  

l 1 l ? U  
ll /\  

J lf () 

N<1 I· i on<1 l Tot a l �> 1 2 2 1 0 

Tl\BLE C- 1 8  

flEG I ONAL POLLUT I ON LOA D I N GS F ROM O I L  P RODUCT I ON 

1 9 8 5  

OHG/\N l C S  

( 1 0 0  tons/ 
d a y )  

0 .  U ', < ) lj (, 
f) . 1 ) / ;  l 'I ') 

(J . () •, 37 ;>/J 

0 .  1 1, 1 ') 2  

( )  • 0 (J 11 () /l ll 
IJ . O ) (, o r, 

0 • () j /I ll 3 ,, 

o .  Oil 3/HJ 1 1  

() . 3 ' > '1 2 1J 
0 . U l 'I O l u  

O . O O B'/ IJ 

P . o o y, 1J 11 

() . IJ J 'J lj ;> 
0 . 'J 2 2 7 4 G  

P /I R'l' l -
C l lI ./ITES 

( Lons/d il y )  

(J 

0 

lj (, . 11 

() 
(J . 
0 

0 

O . H  

u 

() 

IJ 

IJ 

() 
4 7 . 2  

NOx Sox l l Y IJHO-

( t on s/cl a y ) ( l: o n s /n a y ) 
C/llUIONS 

( to n s /d a y ) 

0 () () 

n 0 () 

(_l () ( J . 7 C/ V:V .  2 1 l h . 2 1l 

0 (J (I 

(J 0 () 
I) 0 () 
() 0 () 
11 . (l ll 1 0 . ') /l <J . 0 6  

() () I) 

(J (J L' . 7 
() () I) 

() IJ I ) 

(J () I) 

2 8 5 . 5 6  6 � 3 . l  2 3 8 . 0 4 

( ' /\ H l lON F .1 X l-: t l  

MON O X  1 1 > 1-: ! ./\ N i l  

( t nn o./cl a y )  ( ) 0 (1 '1 C l  P O. )  

0 1 1 :!t> . li 
I )  ' l . q ;.) () 
() ,> ( i . � � 1) fi 1 <L1 • '.' , i  

() 1 ! ) • 11 1 j : � 
( )  , " ) . 1 .-' 

I) I 1 11 . 11 

0 , · '.' f J . { > 1 1 

11 T.' . r ) � ;..' 1 1 1 ) 1 1 . <){1 
() ) If . j ( > lj 
{J () , f) (J q .  ,1 1 1 1  

() 1, , • . 1 1 

() , ' l ) , ' / (J 
I ) ) .  � i� () 
l l 2 6 .  fl <)  2 0 '/ � . (, � 



0 P HOllUCT I ON 
I ( 1 , 0 00 b!J l s /  N d a y )  1--' 

01,.Ff; l lOIU': 1 4 00 

ONS l lOHE b 'f 1 'J 

STE/\M INJ ECT I ON H\ O  

I N  S l 'J'U COMDUST l ON ., 

C02 /MI S C J Bl.,E : w  

M l C E ! . L /\ H - P O LYMi':H () 

C/\U�;·n C F LOOD ING () 

'J'OT/\J. tHU U  

TP.BLE C- 1 9  

NAT I ONAL P OLLUTI ON LOADINGS F ROM 
O I L  P RODUCT I ON BY RECOVE RY METHOD 

19 7 5  

OHG/\N I CS P /\ HT I -
NOx S O X  ( 1 0 0  t o n s /  C U L/\TES 

( to n s /d a y )  ( tons/day ) 
d a y ) ( to n s / d a y ) 

0 .  3 '> '1 2 0 0 () 
cl .  l 4 b U 7 iJ () ( )  ( )  
0 .  O U �> ;-:::, t1 1 '1 . 4 tl 7 .  1 C' 1 l) (J . 2  

0 . 0 0 0 1 %  0 () 0 

o .  o u ; •  3 3 1 ,  u f )  (J 

() () 0 0 

u () () (J 

0 .  •, • , l \ o  I l> 1 11 . 11 H ? . 1 / ] l) (1 . ;1 

l l Y llHO-

C/\ Hl10NS 

( tons/da y )  

0 

(I 

� . B B 
(1 . l 'J 
( /  

I) 

I I  

'J . ,' .l 

c11 1moN 

MONOX I DE 

( t < > n s/<l a y ) 

0 

( ) 

() .  '> '/ { J  
l I . ;> ' ,  

! )  

I) 
u 

l l . i\ ; ' l i  

l' I X ICIJ 

T./\N ll 

( I  0 0  . 1crP s )  

·; ) . � \ :  \ 

1 � t )  i J • '/ () 

\ ' '  . 11 11 

l . ' J 'I 
) ( , • h 11 

() 
f l  

I i 1  ; � 1 )  • '/ / 



P RODUCT I ON () ( l , 0 0 0  IJ b l s /  
I d a y ) N N 

OFF S l l O llE l b 2 0  

ONSllOHE 7 9 20 

S'l'J . .;/IM l N,JEC'l' l ON p o  
I N  S I 'l'U COMlllJS'J' I ON l lJ 

C02 /MI S C I IJ LE 3 0  

M I  C F:  f ,! ,J\ H- l'OLY M E H  i) 
C/IUS'I' I C  F J.OOD I NG () 
TOTJI J, 'J 7 'j lJ 

TABLE C- 2 0  

NA'l' I ONAL P OLLU'r I ON LOADINGS F ROM 
OI L P RODUC'l' I ON BY F.ECOVE RY [ 1ETHOD 

BASE CASE 
( 1 9 7 9 )  

ORGAN I CS PA!lT I -
( 1 0 0  t o n s /  CULll'fES NOx SOX 

d a y ) ( to n s /cl a y )  ( ton s/cl a y )  ( ton s/ d ay ) 

() . llLJ ') l\(J 0 0 0 

() . " 3  1 ;, (J lj 0 () I) 

0 .  lJlJ ll <J (J ll 1 3 .  6 tL! .  ;> tJ 11.J 'J . 3 

0 . 0 0 0 2 l) ,> 0 0 0 

O . O O O W/ b  0 () ll 

() 0 () () 
() 0 lJ () 
0 .  b lt '( � 1 ) b  l j .  b tJ 2 . 2 B l ll 'J .  3 

l l Y D !lO- C/\HllON F I XED 
C/\HllONS MONOX I DE 1.1\N l l  

( to n s /cl a y )  ( to n s /da y )  ( 1. 0 0  ,-,en"> ) 

0 () � �) • ,) I )  1 1  

0 0 l b li '/ . l b  
;: • 7 C! o . • , 1 1 11 l ' o . j(, 
1 ' > rT ' . ' (J ,,-' . r, .. ' . l i t\ 
() () ( ) . ,) ll 
f) 0 I )  

0 () I )  

l 'J .  11 ! () j . ( ) 11 1 1 1 ·1 i u . ; • 11 



P HODUC'l' I ON 
0 ( J. , 0 0 0  b b l s /  I N day ) w 

OFFS l l O HE 1 7  3 0  

O N S l l O HE tJll 3 0  

STEllM IN,J EC'l'I ON 1 7 0  

I N  S I TU COM O U S T I ON 4 0  

C0
2

/M I S C 1 0LE 9 0  

M I  C E LI.llH- POLY M E H  0 

Cll U S 'l' I C  FLOO D I N G  0 

TOT/IL 1 0 11 6 0  

'i:'ABLE C- 2 1  

NAT I ONAL P OLLUT I ON LOADINGS F ROM 
O I L  P RODUCT I ON BY RECOVERY METHOD 

I IA 
( 1 9 7 9 )  

OHGl\NI CS P ll HT I -
s ox ( 1 0 0 t o n s /  CUL/\ TES 

N Ox 

( tons/d a y ) ( tons/d a y )  d a y )  ( to n s /day ) 

0 . 11 3 7 b 9  0 0 0 

0 . 2 % 1 5 b 0 0 0 

o . oo 4 'Jb 4  1 3 . b  l\ 2 .  2 ll J b 5 , 3 

0 .  0 0 1 1 6 l\ 0 0 () 
0 . 0 0 2 6 2 13 0 0 0 

0 0 0 0 

0 0 0 0 

0 . 6 l) 2 6 0 (J 1 3 . b  l\ 2 . 2 ll 1ll 5 .  3 

I I Y D HO- C l\ HBON V J  X E D  
Cl\HBONS MON OXI DE Ll\N D  

( to n s / d a y )  ( to n s /d a y ) ( l O O  acr<' s )  

0 0 11 1 .  b (i ( i  
0 0 1 'l '. >3 . 11 11 

2 . 7 2 0 .  ') 4 11 3 '> . J fi 
') 0 . 13 2 'i 0  B • .  1 �� 

0 0 W . ',' ! 
0 0 () 

0 0 u 

') 3 .  5 2  2 ') 0 . r_; 11 11 1 l\ ')7  • •  , I 



0 P HODUC'fI ON 
( l , 0 0 0  bb l s /  I N day ) 

'""' 

O F !" S I J O H E  1 n o  

ONSl lORE tJIJ :J O  

STE/\M INJECT I ON W O  

I N  S I T U  COMBUSTION lJ O 

C0
2

/ M I S C I BLE <JO 

MJ CE LJ./\H-POLYME:R 0 

C/\US'l' J C  FLOODING 0 

TOT/IL I U � 7 0  

TABLE C- 2 2  

NAT I ONAL P OLLUT I ON LOAD INGS F ROM 
O I L  P RODUCTION BY RECOVE RY METHOD 

I IB 
( 1 9 7 9 )  

OHG/\N I CS P/\HT I -

( 1 0 0  t o n s /  CUL/\ TES 
NOx SOX 

( ton s / d a y )  ( to n s /d a y )  
d a y )  ( to n s /d a y )  

0 . 11 :J 7 L 'J  0 () () 
0 . 2 1! L 1 5 G 0 0 0 

0 . 0 0 5 2 5 G  J ll . ll l'i 7 . 1 2  1 % . 2  

0 . 0 0 1 1 G 8 0 0 0 

o .  u u 2 b ;!B 0 0 0 

() ( ) I I  () 

IJ 0 0 0 

0 .  6 9 21! 9 13 1 � . 11 8 7 . 1 2  l <J b . 2 

l l Y D HO- C/\HI30N F I X E D  

C/\HflONS MONOXI llE L/\ND 

( tons/day ) ( to n s /day ) ( 1 0 0  acr e s )  

0 () 11 1 .  l l (J b  
0 0 1 '1 '> 3 . i1 11 
2 . U U 0 . 5 7 G  :J 7 . 11 11 
s o . tl 2 5 0  t\ . 3 ;> 
0 () 1 :� • "' �l 

(\ I I  I I  

() 0 (J 
'i:J . 6 1J 2 1�' 0 . S 7 U  I :· ) l 1  �J . 7 ' !  



P J lODU <.:T l Oil n ( J , o o o  lil > l s /  I N d a y ) 
(Jl 

ov v;; 1 10HE ] "( j O  
ON�; I I  Ol q.; :Pr 1 1 o 

S'l'l·:/\M l l'J,J EC!' l ON l '! lJ 
I N  �; I T U  COMBU ST I ON ] (I  
co2 / M J �> C I  IJ J ,E ) U  
M ! n :  l , J ,/\l(- l'Ol,YMirn u 

C/\ll S'l' .I C F Ll.){ J f )[ N C  l) 

'l'O'l' /\ L, 1 u m o  

TAB LE C- 2 3  

NAT I ONAL POLLUT I ON LOAD INGS F ROM 

O I L  P RODUC T I ON BY RE COVE RY METHOD 

I I C 

( 1 9 7 9 )  

OHG/\N I CS l ' /\ HT I - NOx SOX ( 1 0 0  ton s/ C I J L/\TES 
( tons/d a y )  ( tons/cl<•Y ) 

d a y ) ( to n s /cl a y ) 

0 ,  / ( )'I t , ') I )  IJ 0 

o . �! ' I r ,  1 1  i i B I) ( ) () 

u ,  1 ) 1 ) /j •J IJ l ( 1 3 .  (1 u �� . ? � )  1 1\ '; • j 
l) , 1) ( ) ( ) ,H J ;.! l) (J ( ) 

() , l) l ) (J <l '.' b IJ () (J 

l) (J [) () 

IJ I )  (J I) 

() , (J ')IJ /( 1 ') . fJ }) ? • ;, 1H 1 tl " . 'l 

l l Y DHO-
C /\ ill\ONS 

( I o n s /d a y )  

u 

u 

, ' . 7 ;> 
1 )  ·7 ' . ' 

I) 

I) 

I I  

l 1 .i • / �  o! 

C/\ HllUN 
MONOX I ( , I·: 

( 1· 011 s / c l ;1 y )  

I I  

1 1  

( ) . 1 ) 1 1 11 

b , ' . 1 1  

I )  

I I  

I I  

I i  \ , i ) l ( lj 

I' I X IW 
1 . 1\N I >  

( 1 () ( )  (\(.' 1- p �� ) 

1 1 I .  l \ ! d i  

J ' ' 1 , 1 1 . r 1 , J  

}f 1 l · 1 { )  
, ' , ! ) / ', 

l )  • .  > l j 

I )  

I )  

j l \ / j ] . i J ' '  



PHOllUC'l' l ON n ( 1 , 0 0 0  bb l s /  I 
l' J  day ) 
O'I 

OFl'S llOHI:: 
1 720 

ONS l lOHE 
8350 

S'J'J:: /\M IN,JEC'l' I ON 
2 1 0  

I N  S I Tll  COMOUS'l' I ON 60 

co
2

/ M I S C I BLg 1 90 

Ml CEJ.J./\ H - l'OLYMlf:({ 0 

C/\IJS'l' I C  f"J.OOOING 0 

'J'OT /\ J ,  1 05 3 0  

TABLE C- 2 4  

NATI ONAL POLLUTI ON LOADINGS FROM 

O I L  P RODUCT I ON BY RECOVERY METHOD 

I IA I I IA 

( 1 9 7 9 )  

ORG/\N I CS P/\R'l'I -
NOx SOx ( 1 0 0  ton s /  CU L/\'fES 

( tons/d a y )  ( tons/day ) 
day ) ( tons/da y )  

0 . 4 35 1 6  0 0 0 

0 . 2 4 3 8 2  0 0 0 

0 , 006 1 3 2 1 6 . 8  ·1 0 1 , 64 228 . 9  

0 . 00 1 752 0 0 0 

0 , 005548 0 0 0 

0 0 0 0 

0 0 0 0 

0 . 6 92 4 1 2  1 6 . 8  1 0 1 . 6 4 22B . 9  

ll Y D RO- C/\llOON I" r X l':D 

C/\HLlONS MONOX l. 1.11' t ./\NIJ 
( to n s /dn y )  ( ton s/<lfl y )  ( l ()0 i'lCTf>S)  

0 0 4 1 . 6 24 

0 0 1 73 6 , 8  

3 . 3 6 0 . 6 72 4 3 . 6 8 

7 (., . 2  3 7 5  1 2 , '1 0 

0 0 �'i 9 . �52 
0 0 0 

0 0 0 

7(1 . 56 S75 , 67 2  1 El 7 4  . 1  



P HODUC'l' l ON 
0 ( 1 , 0 0 0  bb l s /  
I day ) N 

--J 

OF l"Sl lOHE 1 7 20 

ONSllOHE 0290 

S'J'f:;/\M IN.J EC'l' J ON 2 1 0  

I N  S I 'J'U COMIJUST I ON 60 

co2 /Ml SC IBLE 1 9 0  

M I  CE J .I,/\H-POLYMEH 0 

C/\US'l' I C  l' f.,OODING 0 

'1'0'1'/\ L  1 0 4 7 0  

TAB LE C- 2 5  

NAT I ONAL P OLLUT I ON LOADINGS F ROM 
O I L  P RODUC T I ON BY RECOVE RY HETHOD 

I I B I I IA 
( 1 9 7 9 )  

ORG/\N ICS P/\RT I -
NOx sox 

( 1 0 0  tons/ CUL/\ TES 
d a y )  ( ton s/day )  

( t on s / d a y )  ( tons/day ) 

0 . 4 :3 5 1 6  0 0 0 

0 . 2 4 20 6 0  0 0 0 

0 . 00 6 1 3 2  1 6 . 0  1 0 1 . 6 4 2 2 8 . «J 

0 . 00 1 '7 52 0 0 0 

0 .  005�5 4 8  0 0 0 

0 0 0 0 

() 0 0 0 

() , 6 9 0 6 6  1 6 , B  1 0 1 . 6 4 2 2 B . (7 

H Y D RO- C/\ ll!lON F I X l"1 
C/\ RIJONS MON OX I DE J./IN D 

( ton s /d a y )  ( ton s /d o y )  ( l 00 ,,c rc s )  

0 0 4 l .  6 2 4  

0 0 :l / 2 4 . 32 

3 . 36 0 . 6 7 2  4 3 . 60 

7 b . 2  37�) 1 2 . 4 8 

0 () 3 <7 , �·.:;2 
0 0 0 

0 () () 
79 , 5 1> 3/3 . 6 / 2  l B 6 l . 6 2 



--
·
---·�--------··---------- .. � 

n 
I 

:-. ,  
'O 

--·-� - - - -

( ) i. "fc; , ; i ( J J(; 

\ :n 1 : 1 ! ( ) P I ·; 
; 1  i T !' H  I r ! . J  J: ( :"J' J ' ..tJ 

! f  i :; I T l J  C ( 1M i l i J :i T  I ON 

1 · r ·· ·
�!

/M r ! ; c.· r n r y  

r·: I. Ci:: I . J  ,,\ H -· l'(J L Y  t·l lrn 

C/\U �i ' J '  f ( F l .OO I J J  N <i  

' l 'U' l'/\ L 

-- � · -�--.. 

l' IH)!)UCT I ON 
( l ' ;1 0 0  bi ;  l s/ 

d ,·, y ) 

1 7 J O  

! ! -1 10 
:·� 1 <; 

6<> 

1 9 0 

0 

() 
l OtdO 

'I'A B LE C - 2 6  

NAT I ONAL P OLLUT I ON LOA D IN G S  FROM 

O I L  P RODUCT ION B Y  RE C OVE RY :.lET C O D  

OHG/\N r es l' /\ H1' I -

( J 0 0  L o n s /  CU L/\'l'Efi 
d a y )  ( L o n s /d a y )  

() ' 4 3 1 6 9  0 

() , �-' 4 6 4 4 0  () 
() , ()1) 6 1 3 '.' I 6 ,  0 

0 .  () () 1 1�;:• 0 

() . ()1)'."'i '.) 4 0  0 

() I) 

0 0 

() ' (,<J 7'.".J?  1 ti .  n 

I I C  I I I A  

( 1 9  7 9 )  

NOx 
( t-orn; /da y )  

() 
0 

1 0 1 . 6 4  

() 
0 

() 

() 
l () :L . .  ',·1 

S O x  
( to n s /d a y )  

() 
() 
:?:.>n . If 

() 
0 

() 
() 
22 !J , 'J 

l l Y I J HO- C/\ HllON I' I X l< J J  

C/\ IHIONS MONOX l I ll-: L/\N l l  

( L < m s /d <1 y )  ( l o n s / rl a y ) ( I  0 0  il ( . l ( '  � l ) 

() () 4 I , ll f, 6  
() () I /'. .. j,..; • '.:·; : �  

J .  3 t.i 0 I 6 } :) 4 .l . Ml 

7 6 . 2  J J '.".'i 1 '." ' 4 11  

() () J I/ f �·:j : . .> 

() () () 

() () I) 

7 (? . �if, J / '.:� . l.1 / ',._> l. ll 'J J . () / 



l ' HOIJUCT T ON n ( l , 0 0 0  bbls/ 
I 

N d<I ;' ) 
l.D 

O fT S l l O H E  1 7 1 0  

ONSllOHE 0 2 4 0  

S T E l\M I N,J l::C'l' I ON 2 1 0  

I N  S I 'l'U CUM O U ST I ON 6 0  

C0
2

/ M l S C I B LE  250 

Ml CE J ,f,I\ ll- POLY M E R  0 

C l\ U ST I C  l' l.OOl>ING 0 

'l'O'l' l\ J, 1 0 4 7 0  

TABLE C- 2 7  

NAT I ONAL P OLLUT I ON LOADINGS F ROM 
O I L  P RODUCTION BY JiliCOVERY METHOD 

I IA I I I B  
( 1 9 7 9 ) 

O HGl\N I CS P l\ RT I -
NOx sox 

( 1 0 0  t o n s /  CULl\TES 
( to n s /d a y )  ( ton s/d a y )  

d a y )  ( to n s /tl <1 y )  

0 . 4 3 2 6 3  0 0 0 

0 , 2 4 0 6 0 B  0 0 0 

0 , 0 0 6 1 J 2  1 6 . n  1 0 1. . 6 4 :UB , 9  

() , 00 1 7 5 2  0 () () 
(.\ . 0 0 7 3  () () () 
0 0 0 0 

0 0 0 0 

0 ,  6 11 B 4 ::>2 1 6 . B  1 0 1 . 6 4 2:�0 t 9 

l l Y DHO- Cl\IUlON l' I  X E I J  

Cl\HIJON�; MONOX I DE 1 .1\ N  ll 
( to1 1 s / d <1 y )  ( tom; /tl ,, y )  ( I () () < l fT<' S )  

0 0 4 1  • .  m �.· 

0 () 1 / LI . 92 
3 .  J f, O , b / 2  4 :·1 , MI 

7 6 . 2  37 '.'i j ::! . 4 0 

() () �'j2 ' 
() () () 
0 () () 
] 9 , 5 6 3 7 �':J . I.) 7�1 Hl f.J . 4 6  



P RODUCT I ON 
0 ( l , 0 0 0  b b l s /  

I d a y ) w 0 ---
OFFSl lOl\E 1 70 0  

ONS l l O H E  El l flO 
S'L'Ef\M INJ EC'J' l O M  2 1 0  

I N  S l 'J'U COMBUSTION 6'o 

C0
2

/MI S C J BLE 2 �:i0 

M I  CELL/\ ll- POI,YMJ::H (} 
CAUST I C  l"J.OOIJ J N G 0 

'l'OT/\ L 1 0 4 0 0  

TABLE C- 2 8  

NAT I ONAL P OLLUTI ON LOADINGS F ROM 
O I L  P RODUCTI ON BY RECOVERY �1ETHOD 

I I B  I I I B 
( 1 9 7 9 )  

OllG /\ N I C S  P /\ HT J -
sox ( 1 0 0  t o n s /  CU Lll'l' ES 

NOx 

d a y ) ( to n s /d a y )  
( to n s/cl a y )  ( to n s /d a y )  

0 '  4 3 0 :[ 0 0 0 

0 . 23!3 0 5 6  0 0 0 

0 , 006 :l 3 2 1 6 . 0  1 0 1  ' 6 4 2 2 0 . 9  

0 . 00 1 1 �; :� 0 0 0 

0 '  0 0 7 3  0 () () 
0 0 0 () 
() 0 0 0 

0 . 6 B 4 1 4 1 6 , IJ 1 0 :1. . 6 4  :�28 t C? 

ll Y D l\0- C/\ HllON F I X IW 

Cll HHONS MON O X T IJF. l .llNIJ 

( to n s /day ) ( t on s /d a y )  ( ]  () () <l C I  P C. )  

0 0 4 I ,  1 4  
0 0 l /O l . 4 4 
:3 ' 36 () . 6 7 :.� 4 3 , Ml 
? 6 . 2  37'.; l ? . 4 0 
() 0 ,.. ,., .. , .: ' 

() () () 
0 () 0 

/9 f �:.:; 6 3/�j . 6 72 .I l:l'.10 . / 4  



P HODUCT I ON n ( 1 , 0 0 0  bb l s /  I day )  w I-' 

OFFSl lORE 1 7 2 0  

ON S l lOHE 8 3 4 0  

STE/\M JN,JEC'l 'ION 2 1 0  

J N  S ITU COMIJUS'l'ION 60 

Co
2

/MI S C I B LI> 2�;0 

M I CJo: J, 1 ,f\H- POJ..YM E H  0 

C/\lJS'l' I C  l,. LOODJNG 0 

TO'l' f\ L  1 0�)1)0 

TABLE C - 2 9  

NAT I ONAL P OLLUT I ON ·  LOADINGS F ROM 
O I L  P RODUCTI ON BY PECOVERY METHOD 

J:IC I I I B 
( 1 9  7 9 )  

ORGAN I CS PJ\RT I -
NOx SOx 

( 1 0 0  t o n s / CUI./\ TES 
day ) ( to n s /d a y )  

( tons/day) ( to n s /d a y )  

0 . 4 :3'.H 6 0 0 0 

0 , 2 4 3 :J2B 0 0 0 

() . 0 0 6 1 3 2 1 6 , B  1 0 1 . t. 4 2 2B , 9  

O , O O :l /52 0 0 0 

0 . 0 0 7 3  () () 0 

0 0 0 () 
() 0 0 �� 

0 , 6 '? 3 D / 2  1 6 . 0  1 0 1 . 6 4 228 , '') 

l lY !lHO- Cl\IUlON F ! X lm 
C/\HIJONS MON O X l lJE ! . /\ N i l  

( to n s /da y )  ( t- n n s /<l a y )  ( 1 0 0 il C H' !; ) 

0 0 '1 l .  t.::•11 

() () l 'l .l 'I ' ; ::• 

3 , 3 6 () I 67:? '1 3 , 1,0 
7 1.> 1 2  3 / 'j L'. 'l lJ 

(\ 0 '.··; ::i . 

0 (\ I) 

0 (\ () 
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AP PEND I X  D 

IMPACTS OF O I L  S P I LLS 

1 .  Chara c te r i s t i c s  o f  Crude O i l  

Crude o i l  i s  a mixture o f  hundred s o f  organ ic compound s - 
mo s t  o f  them hydrocarbo n s  - - formed over mi l l ions o f  year s o u t  
o f  organic ma tter . The e xa c t  compo s i tion o f  crude o i l  varie s ,  
not only f rom we l l  to we l l  but a l so within we l l s , depending 
on the s trata f rom which o i l  is being produced in the r e s e rvo i r . 
Environmental impac t s  o f  s p i l l ed o i l  vary to s ome extent with 
the na ture of the crude : the compo s i tion o f  an o i l  s l i ck 
d e te rmi nes i t s  th i c kne s s  and rate o f  s p reading , i ts tendency 
to form emul s i ons , the s i gni f icance of s o luble fractions , the 
a t tenua tion o f  l i ght and oxygen , and the e f f e c tivene s s  o f  
var ious c l e anup technique s .  Never the le s s , mo s t  crude o i l s  
have many cons t i tuents in common , and s ome o f  the s e  common 
con s t i tuent s , i f  r e l e a s ed into the envi ronment ,  can b e  pre
cursors o f  important impac t s . 

Crude o i l  i s  composed prima r i l y  o f  hydrocarbons with 
general ly le s s  than one-quarter o f  the to tal we i ght be ing 
compr i s ed of organic compound s contain ing s uch e l ements a s  
s u l fur , ni trogen , and oxygen . Because hydrocarbo n s  are s o  
predomi nant , crude o i l s  a r e  o f ten charac teri zed b y  the mix 
of di f ferent hydroc arbon f ami l i e s  found in them . One u s e ful 
c l a s s i f i cation s cheme f or crude oil hydroc arbons , based on 
mo l e cular s truc ture , is the fol lowing : l 

1 .  P ara f f i ns ( norma l and branched ) 

2 .  Cy clopara f f i n s  or naphthen e s  

3 .  Aroma ti c s  

4 .  Naphthe n i c  aroma t i c  

The s e  c l a s s e s  are di s cu s s ed br i e f ly be low ;  t h e  s tructures o f  
s everal examp les from d i f f erent hydroc arbon f ami l i es a r e  i l l u s 
trated in F i gure D - 1 . 

Para f f in s  ( a l s o known a s  alkane s ) are j us t  s a turated 
carbon chai n s . 2 They may be of the s traight-chained ( or 
a l i phatic ) s er i e s  who s e  genera l f ormula i s  CnH 2n+ 2 , in  wh ich 
c a s e  they are c a l led norma l par a f f i n s , or they may have one 
or more branche s . Para f f i n s  usua l ly compr i s e  up to 2 5  percent 
o f  crude oi l ,  tending to p redomi nate in the low bo i l ing point 
( 4 0 °  to 2 3 0 °  C )  f ractions . I n  general , the boi l ing po i n t  o f  
para ffins incre a s e s  and solub i l i ty decre a s e s  wi th the i nc reas ing 
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F i gure D- 1 .  Exa�p l e s  f rom chemi c a l  f ami l i e s  
c ommon ly foun d  i n  c rude o i l .  
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mo l ecular weigh t . Low-bo il ing paraf f in s  can cause ane s th e s ia and nar
c o s i s  in low conc entrations ; h igher concentrations may lead 
to c e l l  damag e  or death in many lower invertebrate s .  H igh-
bo i l i ng p ar a f f ins are not generally as toxic , a l though they 
may interf ere with c hemica l  and metabo l i c  proc e s s e s . 3 

Cyc loparaf f in s  ( c ommonly c a l l ed naphthene s by pe trole um 
eng ine e r s ) are par a f f ins whi c h  are compo s e d  o f  s imp le ( s atu
rated ) c arbon ring s , s uch as the cyc lopentane mo l e c u l e  drawn 
in F i gure D - 1 .  S ing le-ringed cyc lopara f f i ns are mo s t  preval ent 
in crude o i l , but two- to s ix-r inged cyc lopara f f in s  are not 
uncommon , and ten-r inged compounds are s ome t imes p r e s ent . 
Cyc lopara f f in s  norma l ly cons t i tute be twee n  3 0  and 6 0  percent 
o f  crude o i l , and , unl ike open para f f in s , the ir abundanc e  i s  
not h ighly dependent o n  bo i l ing point . The c hemic a l  prop er
t i e s  of cyclopara f f ins are very s imi lar to tho s e  of o ther 
par a f f in s . 

Aromat i c s  are u n s a tura ted hydroc arbon r ing s , mo s t  o f  
whi ch are b a s ed on der iva t ive s o r  mu ltip les  o f  the s i x-c arbon 
compound b e n z ene . They compr i s e  around 5 percent of crude 
o i l , with s i ng l e-r inged compounds be i ng mo s t  preva l en t . 
Alky l benzenes ( b e n z ene wi th one or more s a turated s tra i ght
cha ined s ub s t i tu te s , s uch a s  e thy lbe n z ene ) cons t i tute a ma j or 
portion o f  the low-bo i l ing aroma t ic frac tion ; dicy c l ic 
aroma t i c s  ( tho s e  based on naphtha lene ) are l e s s  common . 
Po lycyc l i c  aromatic s occ upy the higher-bo i l ing fractions ; 
they rarely cons t i tute a s  much a s  1 perc ent o f  crude o i l . 
Aromat i c s  i n  crude o i l  have s ome chemical proper t i e s  whi c h  
make them e spec i a l ly worri s ome a s  environmental threats . 
S ing l e - r inged aroma t i c s  are much more so lub l e  ( up to 1 , 7 8 0  
ppm) than para f f ins o f  s imi lar mo l e c u l ar we i ght ; a s  a r e s u l t ,  
they c an a f fe c t  a gr e a ter portion o f  the water c o l umn i n  
aquatic or marine environments . They a r e  a l s o  among the 
mo s t  tox ic of compound s commonly found in crude o i l . 4 The 
highe r-boi l ing , polycy c l i c  aromatic s are cons iderab ly l e s s 
s o lub l e  ( up to 1 2 . 5  ppm )  than ben z e ne der ivative s .  Al though 
the long- term e f f e c t s  o f  mo s t  o f  them are unc lear , s ome 
polycy l i c s  are known carc inogens .  

The naphthenic aroma tic s form a large and highly varied 
c la s s  of compound s containing both s a turated ( cyc lopara f f in )  
and uns a turated ( be n z ene ) ring s . Mo s t  o f  the s e  compound s are 
p r e s e n t  in crude o i l  in s ub s t i tuted f orm : the s ub s t i tuents 
on the ben z ene end s  are u s u a l ly sho r t  a l ky l c hains . As a 
f ami ly , thi s  group o f  compounds norma l ly cons t i tutes  be tween 
5 and 30 percent of crude o i l . Although the naphtheno
aroma t i c s  form a f ami ly too d ive r s e  to be charac ter i z ed by 
many properti e s , they tend to be large compounds ( a s  many 
as 3 0 0  carbon s ) with r e l a t ively low s o lubi l i ti e s . 
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C rude o i l  cons t i tuents wh ich do no t f i t  into any o f  
the s e  four ca tegor i e s  f orm a r e s idua l fraction whi ch com
pri s es f rom 0 to 2 0  percent o f  mo s t  crude s . They inc lude 
high-bo i l ing hydrocarbons of many var i e t i e s , s ome wi th 
mo lecular we ights as high as 3 , 0 0 0 , along wi th s ome organ i c s  
conta ining oxygen , s u l fur , n i t rogen , and trace me ta l s . Many 
o f  the larger compounds are rea l ly comp l e x e s  of conden s ed 
aromati c s  and cyc lopar a f f in s  connec ted i nto layers  by a 
l a t t i c e  o f  a l ipha tic para f f in s . 5 

Some important prope r t i e s  o f  ma j or crude o i l  hydro
carbons are s ummar i z ed in Table D - 1 . Many petro l e um engi
n e e r s  pre f er to c l a s s i fy crude oil cons t i tuents by fractions 
b a s ed on boi l ing point range s . Tab l e  D- 2 g ives  a f a i r ly 
s tandard c l a s s i f i cation scheme b a s ed on bo i l ing point 
fractions . 

2 .  E xtent , Loca tion and F requency o f  Ma rine Oi l S p i l lage 

Oil can enter the marine environment in a var i e ty o f  
ways . O f  inter e s t  i n  evaluating the environmen ta l impact 
of  the propo s ed pricing po l i c i e s  are tho s e  direc t ly per
tain ing to oil p roduction and a s s oc iated marine transporta
tion . The mo s t  s i gni f icant of the s e  inc lud e : 

s Chronic , d e l i be rate di s charge s by tankers  and 
barge s ; 

o S p i l l age dur ing termi nal tran s f e r s ; 

G Tanker acc idents - - co l l i s ions and rarruning s ;  

� O f f shore o i l  p l atform acc idents 
f ir e s  and exp lo s i on s ; and 

� P i p e l ine l eakage s . 

b lowout s ,  

Worldwide , the tota l marine po l lution i s  var iou s ly 
e s tima ted at b e tween 1 and 5 mi l l ion me tric tons annu a l ly 
( mta ) . The var iance can largely be a ttribute d  to an 
unreso lved debate over the amount of l and- re l e a s ed o i l s  
wh ich eventua l ly return t o  the sea . I n  the f ive c atego r i e s  
l i s ted above the t o t a l  po l l ution i s  e s timated a t  b e tween 
1 . 1 0 a nd 1 . 7 5 mi l l ion mta . O f  th i s , approxima t e ly 1 mi l l i on 
mta come s from the f ir s t  source , " c hroni c , d e l iberate 
d i s charg e s  by tankers and barges , "  whi ch are a res u l t  o f  
tank c le aning operations . The next large s t  catego r i e s  
are tanker acc idents and o f f shore operations wi th e s t imated 
p o l l ution on the order of 1 0 0 , 0 0 0  to 2 0 0 , 0 0 0  mta . 6 , 7 , 8  

D - 4  
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'rABLE D- 2 
CLAS S I FI CAT I ON OF CRUDE O I L  FRACTI ON S  BY 

BO I LING PO IN'J' RANGES 

DO I L I N G  VAPOR PRESS . SOLU D I I.I 'l'Y 

% DY W'l' . DENS I TY P O I N 'l' MOLECULAH @ 2 0 ° c .  ( gm/ 1 0 6 gm 

l"RJ\C'l' I ON DES C R I PTION IN CHUDE O I L  ( GM/ML ) ( o c )  W E I GH T  (mm) D I STI LLE D 1 1 2 0  

1 P a r a f f i n  
c

6-
c

1 2  
. 1- 2 0  • 6 6 - . 7 7  6 9 - 2 3 0  8 6 - 1 7 0  1 10- . 1  9 . 5 - . 0 1 

2 P a r a f f in 
o

+
- 10 cl 3-

c
2 5  

. 7 7 - . 7 8 2 3 0- 4 0 5  1 8 4 - 3 5 2  . 1  . 0 1- . 004 

tJ 3 C y c l o p a r a f f in 
I 

Cl c
6-

c
1 2  

5 - 3 0  . 7 5- . 9  7 0- 2 3 0  8 4 - 16 4 100- 1 . 5 5- 1 .  

4 C y c l o p ar a f f in 
c

1 3-
c

2 3 
5 - 3 0  • 9- 1 .  2 3 0-405 1 5 6 - 3 1 8  1 . - 0 1 . -0 

5 Arom a t i c  (Mono- nnd 
d i- C y c l i c )  

c
6 - c

ll 
0- 5  . l:l 8 - l . l  8 0 - 2 4 0  7 8 - 1 4 3 7 2- . 1  1 7 8 0  . - o . 

6 Aroma t i c  ( P o ly-
Cy c l i c )  

o
+

- 5  c
1 2-

c
1 a 

1 . 1- 1 . 2  2 4 0 - 4 0 0  1 2 8 - 2 3 4  . 1-0 1 2 . 5 - 0  

7 Naph theno-Aroma t i c 
c

9
-c

2 5 
5 - 3 0  . 9 7 - 1 . 2  1 8 0-4 00 1 1 6-300 1 . - 0  1 . -0 

8 R e s i d u a l  
( in c l ud i ng h e t e r -

o c y c l e s )  1 0- 7 0  1 . - 1 .  l > 4 00 300-900 0 0 

( Source : f'loore , e t  a l .  , 1 9 7  3 )  



To compare th i s  wi th conc urrent total produc tion data 
we quote the 1 9 7 1  world f igure s .  I n  1 9 7 1  the to ta l wor ld 
produc tion wa s approximately 2 , 4 0 0  m i l l i on metric tons . 
About 1 , 3 5 5 mi l l ion metric tons o f  o i l  wer e  tran sported by 
s e a , of which 1 , 1 0 0  mi l l ion tons wer e  crude o i l . 9 

The M I T  O f f  shore O i l  Task Group has prepared a reg ional 
analy s i s  o f  U . S .  o i l  s p i l lage in 1 9 7 1 . 1 0  The s e  data , p r e s ented 
in Tab l e  D - 3 ,  do not inc lude f i gure s  for i ntentional di s charge 
such as  tho s e  created by tanker c leaning proc e s s e s . They 
do , however ,  provide an ins truc tive comp ar i s on of the r e l a
t ive magni tud e s  o f  s p ec i f ic o i l  po l lution probl ems in the 
f our reg ions . For e xamp l e , it is c l ear that New Engl and 
accounts f or a d i s proportionately l arge fraction o f  to tal 
s p i l lage . However , nearly hal f of  thi s  amount is  ac counted 
for by one s p i l l  in New Haven Harbor . Exc lud ing thi s  large 
anomaly , the next large s t  component o f  the to tal f i gure i s  
s p i l lage i n  the Gu l f  Co a s t  region f rom p i p e l ine s l e s s  than 
3 m i l e s  o f f s hore . The nearshore p i p e s  are much o lder 
than the ou ter ne twork and thi s  par t i a l ly exp lains  the 
hi ghe r l eakage rage . The terminal area tanker spi l l s  in 
New Eng land and three nearshore p i p e l ine leak s in the G u l f  
compr i s e  over hal f o f  t h e  accidental s p i l lage recorded f o r  
tha t year . Other s i gn i f icant contributors were bulk s torage 
and tran s f er in the Mid-Atlantic Reg ion and terminal area 
tanker s p i l l s , r e f inery area s p i l l s , and o f f s hore p l a tf orm 
s p i l l s  in the Gul f . 

By comparing the Coa s t  Guard s ta t i s t i c s  with wor ld 
data , the MIT group has deve loped s ome ranges o f  expected 
s p i l lage rates ( Tab l e  D - 4 ) . Onc e again , the s e  do not 
inc lude d i s charge . According to oil s p i l l  s t a ti s t i c s  b e tween 
1 9 6 4  and 1 9 7 1 ,  the actual s p i l lage rate for imported o i l  was 
. 0 0 3 5  percenti which l i e s  s l i ghtly above the top of the 
range given . l Current s p i l lage o f  a l l  o i l  should b e  s ome 
what l e s s  than thi s , and hence l i e  within the s p ec i f ied 
range , for two reasons . F i r s t ,  the impor ted o i l  f igure 
exc ludes dome s t i c  tran s po rtation wh ich is handled by U . S .  crews . 
U . S .  crews have been no ted to have a somewha t  b e t ter 
s a f ety per formanc e than averag e . S econd , improving tech
no logy over the past 10 years has served to dec rea s e  the 
l ik e l ihood of s p i l l s , so a f igure b a s ed on the per iod 
1 9 6 4 - 1 9 7 1  would be higher than what should be ant i c ipated 
today . By us ing the ins ights gained f rom the regi ona l s tudy , 
( Table D- 3 )  to p i c k  a value from wi thin the s e  rang e s  
( Table D- 4 ) , a " be s t  e s timate " may be deve loped f o r  u s e  
in particular s c enar io s . Thus the range o f  . 0 0 0 1  to . 0 0 9  
percent s p i l lage rate f or p ipe l ines  may be r e f ined by con
s ider ing the s tate of the p i p e l i n e  in que s t ion . I f  the re 
wi l l  be extens ive u s e  o f  old lines  within the 3 -mile limit 
then a h i gh va lue should be a s s i gned . I f  there wi l l  b e  new 
cons truc tion o f  modern line s , a low value wou ld be cho s en . 
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'I'ABLE D - 3  

VOLUME O F  U . S . O I L  S P I LLAGE BY REGION IN 1 9 7 1  ----· - -
( Ba r re l s ) 

----------------- - - . --- ----·-- --- -·- ---- -----�---�-----
TANKERS BULK STO RAC;E OFFSHORE P IPELINES OFFSllORE 

TOTAL TERM INAL OFFSHORE & TRAN S FER REFINE R I E S  > 3MI < 3MI OIL R LGS 

New E n g l an d  1 8 , 9 2 7  1 8 , 0 0 2  0 9 2 5  0 0 0 0 

Mi d- A t ]  a n t ic  6 '  2 2 1, 1 , 2 1 2  0 5 , U O O  1 2  0 0 0 

t:I C u lf Coas t 2 7 ' 0 85 6 , 5 9 3  2 6 6  1 5 1. 4 ,  7 7 3  3 4 7  1 2 , 2 5 5  2 , 7 0 0  
I 

m 
S o u t h e r n 
C a l i fo rn i a  7 31, 6 9 1  2 2 0  2 1  0 0 0 

5 2 , 9 70 2 6 ' 4 9 11.  2 6 8  6 , 0 9 6  4 , 80 6  3 4  7 1 2 , 2 5 5  2 , 7 0 0  

Source : MIT ,  Off shore O i l  Task Group . 



TABLE D - 4 

S P I LLAGE RATES BY S OU RCE 
( Percent)  

S P I LL SOURCE 

Tanke rs & tank b arge s 

Tran s fer & s torage 
faci l i t i e s  

O f f  s hore towe r s  

O � f  shore p ip e l in e s 

Re f in e r i e s  

S P ILLAGE RATE - %  O F  TH ROUGHP UT 
( Low ) ( Hi gh )  

. 0 0 2 5  . 0 0 3  

. 0 0 0 1  . 0 0 1  

. 0 0 0 7  . 0 0 5 5  

. 0 0 0 1  . 0 0 9  

. 0 0 0 3 . 0 0 3  

Source : MIT , O f f s hore O i l  T a s k  Group . 
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S imilar ly , i t  may be tha t  higher s p i l l age rates at New Eng land 
te rminal s should be a s s igned than at o ther location s . 

Unfo r tunately , the extreme ly high var i ance o f  s p i l l  
s i z e s  tend s to d imin i sh the va lue o f  a n  e s t imated s p i l lage 
rate . I n  many i n s tanc e s  the o cc urrence o f  a l im i te d  number 
o f  catas trophi c  events can comp l e te ly a l ter the year ' s  
tota l . For examp l e , the To rrey C anyon s p i l l  o f  1 9 6 7  invo lved 
twi c e  a s  much crude o i l as was s p i l led in the Uni ted S ta t e s  
in a l l  o f  1 9 7 0 . I n  1 9 7 0 , three s p i l l s  ac counted f o r  two
thirds o f  a l l  the o i l  s p i l led in the naviga b l e  waters o f  the 
Uni ted S tates . Another accident in 1 9 6 7 , invo lving the 
breaking of a p ip e l ine in the Gu l f  of Me xico by a dragg ing 
anchor , r e s u l ted in the s p i l l  o f  1 6 0 , 6 3 9  barr e l s  o f  o i l ; 
the total s p i l lage in the Gul f  in 1 9 6 7  r e s u l t ing from a l l  
b l owouts , p latform f i r e s  and exp l o s i ons , and pipe l ine breaks 
( inc luding the above s p i l l )  wa s only 1 6 0 , 7 9 9  barre l s . 
Because o f  th i s  one incident , regulations wer e  imposed 
requir ing the bur i a l  o f  p ipe l in e s  laid i n  water l e s s  than 
2 0 0  meters deep , wi th the r e s u l t  tha t  no rep e t i tion of th i s  
sort o f  d i s a s trous s p i l l  has oc curred . 

Table D- 5 pre sents some recent s p i l l age f i gures developed 
f rom C o a s t  Guard data for the years 1 9 7 0 - 1 9 7 4 . B e s ides 
d i s p l ay i ng the no table var i ance o f  to t a l  annual s p i l l ag e  from 
year to year it documents the fact tha t  coa s t a l  wa ter s  are the 
prime location for marine s p i l l s . One reason why s p i l l s  are 
of importance even though di s charges i nvolve much greater vo lume s 
i s  that s p i l l s  tend to occur in coa s ta l  reg ions wh i le d i sposal  
o f  b a l l a s t  general ly doe s  no t take place in the vi c in i ty o f  
U . S .  water s . 1 2  ( Note that the apparent di scr epancy between 
the 1 9 7 1  f igur e s  on to t a l  vo lume o f  s p i l l s  quo ted i n  Tab les 
D- 3 and D- 6 is  due to the fac t tha t  the tota l s  i n  Tab l e  D-3  
a re only for the four regions d i s c u s s e d  and do no t repr e s ent 
national to ta l s . )  Even so , the nume r i c a l  domi nance of d i s charge s 
mak e s  them important and the a s s o c i ated s p i l lage rates need to 
be de termined . The f i r s t  important cons ideration is that the 
2 0  percent of a l l  tankers that do no t use the '' Load on Top "  
( LOT , a me thod o f  r educing intentional d i s charg e s )  accoun t  for 
approx imately 7 5  percent o f  the di s charge pol lution . 1 3 For 
tho s e  ships  whi ch do not use LOT , the d i s 9harge r a te i s  
about 0 . 3 5  percent , a f ig ure whi c h  i s  based upon the e s t imated 
amount of o i l  l e f t  c l i ng ing to the s ide s of the tank s a f ter 
the tank s are emptied a t  termina l s . Thi s  f igure i s  somewhat 
controve r s i a l ,  and e s t ima tes of non- LOT di s charge are a s  low 
a s  0 . 1 percen t  and a s  high a s  0 . 9  percent . The LOT tankers 
have a rate of abo ut . 0 3 percent . Unfortuna tely , the LOT 
me thod c an only be used for tanker � engag ing in crude o i l  
transpor t over fairly long d i s tance s .  Thi s  i s  due to the 
nec e s s i ty of a f ew days ' s ettl ing ' time for the proc e s s  to 
be e f fec tive . 

D- 1 0  



TABLE D - 5  

S E LECTED LOCAT I ON S  O F  REP O RTE D O I L  S P I LLS 
( 1 9 7 0 through 1 9 7 4 )  

LOCAT I ONa NUMBER 
OF SPILLS 

PERCENTAGE 
OF TOTAL 

SP ILLS 

SP ILL 
VOLUME 

( Barrels ) 
PERCENTAGE OF 

TOTAL S P I LL 
VOLUME 

C o a s t a l  w.:i t e r sb 

1 9 7 L. 

1 9 7 3  

1 9 7 2  

1 9 7 1  

1 9 7 0  

Ccn t i g u o u s  zone c 

1 9 7 4  

1 9 7 3  

1 9 7 2  

1 9 7 1  

1 9 7 0  

To t a l  s p i l l  vo lume 
1 9 7 4  

1 9 7 3  

1 9 7 2  

1 9 7 1  

1 9 7 0 

9 , 5 0 3  

9 ' 8 7 1  

7 , 4 4 2  

7 , 5 1 6  

2 , 7 8 6  

1 6 4  

4 8 3  

8 0 1  

3 9 6  

3 4 9  

1 3 , 9 6 6  

1 3 , 3 2 8  

9 , 9 3 1  

8 , 7 3 6 

3 '  7 1 1  

6 8 . 0  

7 4 . l  

7 4 . 9  

8 6 . l  

7 5 . 1  

1 .  2 

3 . 6  

8 . 1  

4 . 5  

9 . 4  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

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

1 6 0 , 9 0 5  

2 2 7 , 5 4 4  

2 4 , 7 0 6  
2 9 , 0 20 

8 2 8  

1 5 , 5 0 4  

7 4 , 7 9 6  

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

4 4 7 , 7 5 6  

2 1 0 , 4 6 5  

3 6 3 , 1 6 6  

4 6 . 1  

6 3 . 7 

7 5 . 9  

7 6 . 4  

6 2 . 7  

0 .  '.[, 
5 . 0  

0 . 2  

7 . 4  

2 0 . 6  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

1 0 0 . 0  

loo·. o  

a 
O ther locations are i n l and water s , open wate rs , and h i gh 

s e as . 
bcoas tal waters - within 3 mi l e s  o f  shore l ine . 
cCont iguous zone - 3 to 1 2  mi l e s  from sho re line . 

S ource : U . S .  Department o f  T r ansportat ion , Coast Guard , 
" P o l luting I n c i dents I n  and Around U . S .  Wate r , "  �va s h ington , 
D . C . : 1 9 7 1 - 1 9 7 4 ) .  
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3 .  Impa c t s  o f  Mar ine Oi l S p i l l s  

3 . 1  S e abirds 

Among the mos t  v i s ib l e  and pub l i c i z ed e f f e c t s  o f  mar ine 
oil s p i l l s  are the contamination and foul ing of birds . 
Contact wi th an o i l  s l ick can cause lo s s  o f  insulation , 
d i s rupted feeding behavior , and even d i r e c t  p o i s oning i n  
many spec i e s  o f  wa ter fowl and seabird s . F o u l i n g  o f  fea ther s 
i s  perhaps the mo s t  s e r ious e f fect in terms o f  to tal impa c t  
on b i rd s . When a bird ' s  feathers become coa ted wi th o i l  the 
sma l l  feather ba rbules a r e  rump led and di sheveled , so that 
they o f fer l e s s  insulation and buoyancy . The mo s t  s evere 
r e s u l t s  of thi s  coat ing are pneumonia due to l o s s  o f  body 
heat and , in some c a s e s , actua l drowning due to l o s s  o f  
buoyancy . 1 4  Even when the impacts o f  fouling b y  o i l  are not 
qui te s o  acute , the exce s s ive preening which it induce s  can 
l e ad to the d i s ruption of normal feeding hab i t s  and the 
ing e s tion of o i l . Thi s la tter e f fe c t , in turn , caus e s  
poi soning and i n f l ammation o f  the dige s t ive trac t whi c h , 
a long wi th body heat l o s se s , can fur ther reduce feeding 
activity and lead to s tarvation . There i s  a l so some evidence 
that coating by oi l c l o g s  the s a l t  g lands by which many 
b irds convert s a l t  wa ter to fre shwa te r ;  the r e s u l t  can be 
fatal dehydration . l s 

S u s ceptib i l i ty to the s e  phy s i o logical e f f e c ts var i e s  
among d i f ferent s p e c i e s  o f  b i rd s . Diving birds such a s  auks 
( murr e s , gui l l emot s , ra zorbi l l s , puffins , e tc . ) and d iv ing 

ducks ( s coters , scaup , e ider s , go lden eye ducks , long-tai led 
ducks , e tc . ) are genera l ly mo s t  susceptible to the e f fects 
o f  contami nation and fou l ing , and for th i s  reason they o f ten 
accoun t for an inordinate number o f  the morta l i ti e s  a s s o c iated 
wi th oi l s l icks . 1 6 The s e  b i rd s  spend mo st o f  the ir l iv e s  on 
o r  near the sur fac e o f  the ocean : they dive for the i r  food ; 
they are o f ten weak f l i e r s , and many o f  them dive unde r the 
wa ter ra ther than f l y  out of it in response to d i s turbanc e s  
or immed iate threats . A l s o , many o f  them tend to congregate 
in f l ocks , so tha t serious population dep l e tion can occur as 
the r e s u l t  o f  an o i l  sp i l l  near the i r  hab itats . There a l s o  
have b e e n  repor ts tha t s0me s p ec i e s  o f  b i rds a r e  a c tua l ly 
a ttracted to o i l s l i cks ; l 7 i f  th i s  i s  i ndeed the case , 
then the s e  s pec i e s  certa i n ly face a s e r ious threat from 
o i l  s p i l l s  in areas where they are common . S ome spe c ie s , 
mo s t  n o tab ly s eagu l l s  and shearwa te r s , s e em to avo id s l icks ; 
natural ly the s e  s p e c i e s  account for very f ew o f  the mor ta l i t i e s  
a s soc i a ted with oi l sp i l l s . 

A ma j or danger posed to b i rd species  by o i l  spi l l s 
a t  s e a  i s  s evere popula tion depletion whi ch can r e s u l t  
e i the r whe n  the s p i l l  i s  in c lo s e  proxim i ty t o  the hab i ta t  
o f  a gregarious spec i e s  or when t h e  spi l l  occurs a long the 
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path o f  migrat i ng flock s o f  b i rd s . I n  both o f  the se 
c i rcums tance s ,  l arge numb e r s  of b i rd s  are concentrated in a 
re l at ive l y  smal l  are a , so that a s l ic k  cover ing only a 
smal l  area c an a f fect many ind ividual s .  Mo reover ,  many 
b i rd spec i e s  undergo s ig n i f icant natur a l  pop u l a t ion f lu c tuation s .  
Al though the se f l uc tuation s c an no rmal ly be ab sorbed wi thout 
threatening t he spe c i e s  when populations are at hea l thy 
leve l s , sudden and s evere dep letions in popu l a t ions can 
e ndang e r  some spec i e s  by rendering the i r  popu lations l e s s  
re s i l ie nt t o  natural s tre s s e s . 

Up to now i t  ha s been frustrat ing ly d i f f i c u l t  to 
a s se s s  with any accuracy the extent o f  t he impac t o f  a 
given o i l  s p i l l  o n  b ird specie s .  B ird de ath to l l s  are 
norma l ly e s t imated by counting the numbe r  of de ad birds 
which wa sh up o nto s ho re s  near a s p i l l . Unfortunate ly , a s  
few a s  5 to 1 5  p e rc e n t  o f  the dead o r  mo r ibund b i rds 
impacted by an o i l  sp i l l  c an b e  expected to wa s h  a s hore , 1 8  
s o  that recorded death to l l s  are o ften gro s s  unde re s t imat ion s 
o f  t he ac tual mortal i ty c a u sed b y  s p i l l s . T ab l e  D - 6 l i s t s  
several important spi l l s  which have o cc urred i n  or near 
Uni ted S tate s coastal  wate r s  and e st imates  - - based on 
actual coun t s  and not o n  g ue s s e s  concerning the percentage 
of mor ta l it ie s observed -- of the number of birds a f fec ted . 

I t  s hould be noted that large s l ic k s  in more or l e s s  open 
s e a s  se em to po se a gre a te r  thre a t  to s e ab ird s than do s l ic k s  
nearer t o  s ho re . I n  c o a s ta l  area s ,  seab i rd s  are ab l e  to 
e sc ap e  coating b y  o i l  s imp l y  by moving i nl and or , s ince some 
sp i l l s  are conta ined in bays or cove s , by moving a s ho r t  
d i stance a long s hore . On the o p e n  se a ,  b y  contra st , exten
s ive and rapid l y  spreading s l ic k s  are d i f f i c u l t  for s e abirds 
to avo id and may even be mo re d i f f i c u l t  for them to d i stin
gu i s h  from norma l , c a lm water s .  

3 . 2  F i sh 

F i sh enj o y  two ma j or advantage s in overcoming t he 
adver se impac t s  o f  o i l  contaminatio n . Evidence sugge s t s  
tha t  o n e  o f  t he reasons f o r  the s upe rior s urvival abi l i ty 
o f  f i sh , a s  compared to , say , seabird s , when faced with 
oil po l lu tion is  the fact tha t  f i sh s imp l y  migrate from 
the a f fected are a s  be fore be ing sub j ected to p ro longed 
o i l  expo sure . A l so surfac e s  of the fi sh , inc luding the 
g i l l s ,  are coa ted with a s l imy mucu s that partia l ly repe l s  
o i l  and the refore o f fers temporary , p arL i a l  protection 
depending upon the length o f  a time expo sure to spi l l s . 

Damage to f i s h  populations a s  a re su l t  o f  a spec i f ic 
o i l  sp i l l  can neverthe l e s s  be exten s ive , depending on the 
particular c ircum stanc e s  of the sp i l l . The January 1 9 6 9  
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" b lowout"  o f  We l l  A- 2 1  a t  S anta Barbara , Ca l i fornia dec i 
mated some e lements o f  the seabird popu l ation ( notably 
loons and grebe s )  , 2 0  yet no apparent e f f e c t s  on f i sh were 
repo rted . N ine months later , in S e p tember 1 9 6 9 ,  a s p i l l  
o f  4 , 5 0 0 barre l s  o f  No . 2 fuel o i l  k i l led a n  e s t imated 9 5  
percent o f  a l l  f auna inc l uding f i s h  along a 3 -m i le 
s ho r e l ine a t  We s t  F a lmouth , Ma s s achu se t t s . 2 1  I n  p ar t , thi s  
h igher morta l ity wa s due t o  the highe r  tox i c i ty and greater 
s o l ub l e  fraction of the r e f ined No . 2 o i l  as compared to 
the crude Bunker fue l relea s ed in the S anta Barbara s p i l l . 
I t  a l so appears that s p i l l s  in c lo sed regions , such a s  
Wild Harbor in We s t  Fa lmouth , predominantly a f fect f i sh 
whi c h  be come trapped by the contamina tion . On the o the r 
hand , s p i l l s  in the open ocean , such a s  the S anta Barbara 
s p i l l , re s ul t  in greater damage to sea b i rd s . In the c a s e  
o f  the Torrey Canyon s p i l l  in the Eng l i s h  Channe l ,  the 
e f f e c t s  upon the f i sh were augmen ted by the u s e  of toxic 
d i spersant s . After the Torrey Canyon s p i l l  5 0  to 9 0  per
cent o f  the p i lc hard eggs were found to be dead and the 
young p i l c hard population wa s apparently dec rea sed . The 
vulnera b i l i ty of spawning g round s to o i l  contamination 
repre sents a ma j or part of the threat to f i s h  p o s ed by o i l  
s p i l l s . Whi l e  p i lc hard eggs are endangered by expo sure 
to o i l  because they f loat on the s ur face , some eggs are in 
particular danger due to the ir po s i tion in the sea bed , 
where o i l  eventua l ly s e t t le s . 

S everal f i s h  are endangered by the ir hab i tual proximi ty 
to the o cean s ur face where unwea thered and , o f ten , weathered 
o i l  i s  c oncentra ted . Larva l f i s h  may be a f f e c ted e i ther 
by tox i c i ty o r  by entrapment ( " o i l ing " ) . 2 2  

Beyond the l e tha l e f fects o f  high o i l  conc entrations 
there are many important and po s s ibly wide spread sub - l e tha l 
e f f e c t s . Laboratory exper imen t s  by Brock son and B a i l y2 3  

to determine the impac t o f  ben zene upon the r e s p i ration 
of j uven i l e  s a lmon and s tr iped ba s s  demons trate thi s type 
o f  phenomenon . Re s p iratory rate wa s found to incre a s e  a s  
a d i r e c t  r e su l t  o f  expo sure t o  5 t o  1 0  ppm o f  ben z ene f o r  2 4  
to 4 8  hours and decreased to norma l a f ter approximate ly 6 
day s o f  recuperation in c lean water . The ab i l ity o f  f i s h to 
decontaminate the ir s y s tems sub sequent to absorption o f  
gene ral hydrocarbons i s  not c lear , however ,  and may depend 
strongly upon the spec i f ic spec i e s  and hydrocarbon in que s 
tion . I n  add i tion t o  e f fe c t s  o n  r e s p i ration and direct 
contami nation o f  f atty portions o f  f i sh by hydrocarbo n s , 
c e r tain behavioral c hang e s  are found to occur a s  a r e s u l t  o f  
o i l  pol lution . F o r  ins tance , bul lhead s , which d i splay 
comp lex and chemical ly-medi ated soc i a l  behavior , have been 
s hown to develop inte n s e  con f l i c t  behavior when expo sed to 
water - so lub le f a c t ions of Kuwa i t  crude o i 1 . 2 4  F i s h  are 
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bel i eved to detect food or prey through the c hemoreception 
o f  spec i f i c  compound s at concentrat ion s in the part per 
b i l lion range , whic h  is  comparable to the concentrat ions 
produced by the d i s solu tion of o i l  s l i ck s .  The re fore 
ano ther harmful re su l t  of a s p i l l  may b e  the bl ocking o f  the 
c hemoreception capabi l i t ie s . 2 5 

Probab l y  the be s t  area for s tudying the e f f e c t s  o f  
c hroni c  o i l  pol lution upon f i s h  i s  the Lou i s i ana coa s t , 
where an e s t imated 6 0  mill ion barre l s  o f  o i l  have been 
gradua l ly d i sper s ed over the p a s t  3 0  year s . 2 6  The Loui s iana 
coa s t  i s  s imu l taneou s l y  a ma j or o i l -produc ing reg ion o f  the 
Un i ted S tate s and a r ic h  f i s hing bank . Thi s chronic con
tamination doe s not appear to have reduced the p roduc tivi ty 
o f  ma j or f i sher i e s  and there fore sugg e s t s  tha t many popula
tions in o f f  s hore regions can survive long term , low leve l 
intru s ion o f  o i l . At pre sent there i s  a dearth o f  r e l i ab l e  
f ie ld re s earch in thi s area , howeve r , and many stud i e s  o f  
chronic pol lution have b e e n  di s credi ted f o r  f a i l ing to 
demonstrate tha t var ia tions in f i s h  populations c anno t 
be exp laine d  by o the r facto r s  such a s  s a l in i ty and inten
s i ty of f i s hing activity . 

3 . 3 Mar ine Mamma l s  

The impac t s  o f  o i l  sp i l l s  o n  marine mamma l s  are po s s ib ly 
the l e a s t  known o f  the who le mar ine biotic communi ty .  The 
relative scar c i ty o f  marine mamma l s  and sub sequent d i f f icul ty 
of o b s erving and quant i f ying e f fe c t s  a f ter an o i l  sp i l l  are 
the probable re asons for thi s l ack o f  comprehe n s ive i n forma
tion . However , three cau s e s  o f  o i l -re lated death s  have 
been s ugge s ted in the l i terature : p o i s oning from inge s ted 
o i l , s u ffocation , and a l tered insulat ion proper t i e s  o f  fur . 
Whi le the l i terature reviewed c i ted several examp l e s  o f  
death s  a fter o i l  s p i l l s , the exact c au s e s o f  death were neve r 
stated autho r i tative ly . However , the de aths we re always 
thought to be a r e s u l t  of one o f  the three cau s e s  l i s ted 
above . 

A mamma l has impervious s k in and breathe s air , s o  the 
entrance o f  tox i c  o i l  mate r i a l s into the s y s tem i s  pr imar i l y  2 7  
l imited to ing e s t i on dur ing feed ing or grooming . I t  i s  be l i eved 
that one of the more ser ious problems o f  inge s t ing o i l  
would b e  the e f fe c t s  o f  active hydrocarbons o n  the s e n s i t ive , 
highly deve loped nervou s s y s tem o f  mamma l s  whic h  i s  s he athed 
in f a tty mater ial . The mo s t  severe l y  a f f e c ted spe c i e s  would 
probab ly be the fur-bearing mamma l s  ( s e a  lions , otte r s , 
mu skra t s , e tc . )  attempt ing to clean o i l  o f f  the i r  coat s . I t  
i s  a l so likely tha t whale s in areas near a s p i l l  could 
inge s t  d i spersed o i l  whi le f i l te r - feeding on p lanktonic 
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crustacean s . At the t ime o f  the S anta Barbarba b l owout , 
grey wha l e s  were p a s s ing through the area on the ir annua l 
migration . However ,  they reportedly diverted the i r  path 
f rom the h i ghly pol luted area , explaining the f a c t  that no 
more corps e s  wa shed up on s hore dur ing 1 9 6 9  than in previous 
year s . 2 8  A l s o  dur ing the Santa Barbara o i l  s p i l l  many s e a  
l ion pup s were obs erved to b e  coated w i th o i l . Wh i l e  no 
more deaths were obs erved than usua l , if the s p i l l  had 
taken p l a c e  when the pup s we r e  feed ing , the number o f  death s  
would probab ly have been s igni f i cantly above tha t  norma l ly 
obs erved . 

O i l - c au s ed s u f foc ation i s  a highly p l. au s i b le occurrence 
s i nce all mar ine marruna l s  mus t  sur face for air , and if done 
in a s p i l l  area , the r e s piratory openings can b e  c logged 
with o i l . There is one unsubs tanti ated repor t tha t  do lphins 
were s tranded on shore a f ter the S anta Barbara b l owout wi th 
the ir b l owho l e s  p l ugged with o i l  and l ungs damaged . After 
a s p i l l  of fuel oil a t  Chedabac to Bay , Nova S c o t i a , 1 5 0  
harbor s e a l s  were obs erved , s ome heav i ly coated wi th o i l .  
The mo s t  a f f e c ted area s were tho s e  which are expo s ed : e ye s , 
ears , mouth and no s e . About 5 percent o f  the s ea l s  were 
found dead , with death be ing attr ibuted to su f fo c a t ion . 2 9  

Mamma l s  are warm-blooded o r gani sms and tho s e  l iving in 
the ocean mus t  usua l l y  ma intain the i r  body temperature above 
tha t o f  the surrounding water . Whi le c e taceans (whale s ,  
dolphi n s ) have an insular f a t  layer , p i nnipeds ( s ea l s , wa l 
r u s e s ) , s e a  otters , muskrats and othe r s  a l s o  r e ly o n  a 
thi ck f ur coat . Oi l can a f f e c t  the insul a ting prope r t i e s  
o f  fat by reducing i t s  wa terproo f i ng ab i l i ty . I f  the body 
temperature i s  s u f f i c iently b e l ow normal , the s u s ceptib i l i ty 
to d i s ea s e  i s  greatly increa s ed . Th i s  can b e  a s i gn i f i cant 
prob l em s i nce " apparent ly , marine marruna l s  f a i l  to recogni ze 
an oil s l i ck unti l coating i s  i nevitab l e . 11 3 0 The oppo s i te 
prob l em ,  that of overhea ting ( in s e a l s ) ,  ha s been sugge s ted 
as a r e s u l t  o f  s e a l s  lying on roc k s  i n  s trong sun l i ght with 
a thi ck , dark coat of oil on the i r  fur . 3 1  

The impact s o f  o i l  s p i l l s  on mar i ne marrunal s  c an b e  quite 
s e r ious . At p r e s ent l i ttle is  known . Th i s  can be a ttributed 
i n  part to the fact that marine mamma l s  are not den s e ly 
p op u l a ted in c ompar i so n  with f i s h  and plant popu lations . Al
though f ew marrcrr.a l s  h a. v e  been. found dead as  a r e s u l t  o f  p a s t  
o i l  s p i l l s , i t  i s  e n t i r e ly po s s ib l e  that a s i gni f i cant numb e r  
o f  c o r p s e s  f e l l  t c  t h e  ocean ' s  bo t tcm o r  we re swept far 
out i n  the s e a . 
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3 . 4  P lankton 

The t erm " p lank ton " is u s e d  a s  a general de s ignation for 
the l arge and var ied c l a s s  o f  t i ny , s e s s i le organi sms which 
f loat or dri f t  near the surface of the ocean . P lankton are 
gene r a l ly divi s ib l e  i n to two ma j or ca tegori e s : the p lant
l ik e  s pe c i e s , or phytop lank ton , and the anima l - l ik e  s p e c ie s , 
o r  z oop l ankton . Phytop lankton exi s t  i n  huge quant i t i e s in 
the o c ean ; many o f  them are micro s copic a lgae . They s erve 
as pr imary p roduc e r s  in the mar ine e c o s y s tem , conver ting 
water and carbon d ioxide to organi c  matter by photosynthe s i s . 
For th i s  rea son , they are r e s tr i c ted primar i ly to the euphot i c  
z one - - the top 2 0 0  me ters or s o  o f  the water co lumn where 
sunl ight is  ab le to pene trate . Like o ther p lant s p e c ie s , 
phytop lankton b l oom i n  the s pr ing a s  the water become s warmer , 
and the i r  growth dec l in e s  in the autumn whe n  the water grows 
cooler . Zoop lankton f orm a h i ghly dive r s e  s e t  o f  organ i sms 
whi ch gra z e  p redomi nantly on phytop lankton . Zooplankton can 
b e  divided into holop lank ton , or organi sms s uch as copepods 
and tunicates  wh ich s pend the i r  entire l i f e  cyc l e  as p l ankton , 
and meroplank ton , which cons i s t  p r ima r i l y  o f  f loating eggs , 
l arvae , and j uven i l e s  o f  larger nekton ic or benth i c  f i s h e s  
and s h e l l f i sh e s . Phytop lankton and zoop lankton tog e ther 
compr i s e  a very impor tant ba s i s  for the mar ine food web . 

The e ff e c t s  o f  oi l on phytop lankton have been inve s t i 
g ated wide ly , but t h e  d i f f i c u l t i e s  o f  s tudyi ng tiny , s e s s i le 
organi sms in the i r  natur a l  environment have y i e lded conc l u
s ions wh ich are s omewhat ske tchy a t  b e s t .  

S ome l abora tory s tud i e s  have ind i c a ted tha t  e xpo s ure to 
high concentrations of p e tr o l e um compounds ,  e s pe c i a l ly the

3 l ighter frac tion s , s uppr e s s e s  the produc tivity o f  dia toms , 2 

an impo rtant c la s s  o f  phy toplank ton charac ter i zed by s i l iceous 
c e l l  wa l l s . One cause o f  th i s  s uppres s ion may b e  the inhibi
tion of  photo synthe s i s , an e ff e c t  obs e rved in l aboratory 
s tudi e s  of o i l  e f f e c ts on other phytop lankte r s . Us ing wha t  
they f e l t  t o  b e  typ i c a l  o i l  s p i l l- a s s o c i ated hydrocarbon 
concentrations , Gordon and Prouse found tha t No . 2 fue l o i l  
s t imulated phytop lankton pho tosynthe s i s  s l i ghtly a t  concen
trations b e tween 10 and 3 0  ppb wh i le concentrations b e tween 
1 0 0  and 2 0 0  ppb s uppre s s ed pho t o s yn th e t i c  a c t i v i ty as much 
a s  6 0  percent . 3 3  There i s  evidence tha t  phytop lank ter s  are 
more s en s i t ive to No . 2 fuel o i l and o ther l ight frac tions 
than to the l e s s s o l ub l e  o i l s . 3 4  The mechani sms mo s t  o f ten 
propos ed for pho tosyn the s i s inh i b i tion are reduced l ight 
penetration beneath s l i c k s  and the intru s ion by p e tro leum 
hydrocarbons i n to the membran e s  o f  the c e l l s  and mi tochondr ia 
and subsequent d i s ruption of the c e l l s ' p ermeab i l i ty 
chara c te r i s t i c s . 3 5 , 3 6 
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A ma j or prob l em with s uch labora tory s t ud i e s  i s  tha t  
the ir r e s u l t s  a r e  d i f f i c u l t  to interpre t  i n  t h e  context 
o f  ocean s p i l l s  because the concentrations of hydrocarbo n s  
t o  which various phytop lankton a r e  typ i c a l l y  exposed in o r  
b e neath an o i l  s l i ck a r e  large l y  unknown . Extens ive inve s t i 
gations f o l lowing the S anta Barbara b l owou t  o f  r e l at ive �y 
i n s o lubl e  crude o i l  revealed no conc lus ive evidence o f  
reduc tions i n  phytop lankton produc tivi ty which could be 
direc tly attributed to p e trol eum . ( I nter e s t i ng ly ,  evidence 
s ug g e s t s  tha t  the u s e  o f  chemi cal d i s p e r s ants on the s l ick 
did have adver s e  e f f e c t s  on p roduc tivity . ) 3 7  It is only fair 
to  note , however , tha t  s ince phy top lank ton are s e s s i l e and 
are therefore pa s s ively carried around by wa ter c urrent s , 
s l i ck - r e l ated e f fects  may b e  d i f f i c u l t  to obs erve in the 
f i e ld . I n  any c a s e , mo s t  phytop lankton mul t i p ly rap i d ly , 
and a s  a r e s u l t  the i r  communi t i e s  s eem to be r e s i l ient 
enough to withs tand occas iona l large oil s p i l l s . The e f fe c t s  
o f  chronic o i l  pol l ution on phytoplank t e r s  remain poorly known . 

Al though s tud i e s  on the e ff e c t s  o f  o i l  s p i l l s  on zoo
p l ankton are l e s s  common than for phytopl ankton , inve s t i ga tors 
g enera l ly agree o n  several ba s i c  obs ervations . To begin 
with , z ooplankton tend to b e  more s u s c ep tible to toxic 
e f f e c t s  and direct morta l i ty r e s u l ting from expo s ure to o i l  
compounds than mo s t  phytop lankton . A l s o , ho lop l ankton s eem 
to s how greater s e n s i tivity to o i l  pol lution than merop lank
ton , whi ch in turn are more vulnerab l e  than the ir re s p e c t ive 
adult forms . 3 8  A l though ho lop lankters have been obs erved to 
inge s t  and void parti c le s  o f  s p i l l .ed Bunker C ( a  very heavy 
o i l )  without no ticeab l e  e f fec ts , � 9 the s e  zoop l ankton are 
eaten by sma l l  f i sh e s  and f i l ter f eeder s , and the impacts o f  
ho l op l ankton- ing e s ted o i l  o n  the marine food web are a s  y e t  
unc lear . On the o ther hand , p lanktoni c herring eggs expo s ed 
to crude and fractioned o i l  s l i c k s  have shown high ( 7 0  to 
1 0 0  perc e n t )  mor t a l i ty r a te s , and egg s which s urvived hatched 
a large proportion of de f ormed larvae . 4 0  The s e  e f fe c t s  c an 
impo s e  s evere local impa c t s  on f i sh populations near a 
s p i l l . 

I n  s ummary , the impac t s  o f  s p i l led o i l  on p lank ton are 
not as  dramatic a s  tho s e  on l arger organi sms higher up in 
the food chain . Although s upp r e s s e d  photo synthetic rates 
have been obs erved in phytop lank ton e xpo s ed to o i l , and 
s imi l ar ly expo s ed zoop l ankton exh i b i t  some toxic re sponse s ,  
e s pec i a l ly toward the more so lub l e  f ractions , natur a l  
p lankton commun i t i e s  s eem ab le t o  recover quickly from large 
acc idental o i l  s p i l l s . However ,  impac t s  of bioaccumu la ted 
oi l inges ted by p lankton are s ti l l  unc lear , and the e f f ec t s  
o f  chronic exp o s ure to o i l  po l lu tion a r e  no t we l l  under s tood . 
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3 . 5  Neu s ton Commun i ty 

The neuston commun i ty can be de f ined a s  the c o l l e c tion 
of organi sms whi c h  l ive p r imari ly in the surface f i lm o f  
the ocean . Although thi s c ommun i ty i s  compo sed o f  organ i sms 
d i scus sed in many o ther s ec t ion s o f  t h i s  chap ter i t  mer i t s  
s pe c i f ic a ttention becau s e  o f  the s i gni f icant impac t o f  
a n  o i l  s p i l l  upon surf ace organ i sm s . The neu s ton commun i ty 
inc lude s the f loa ting eggs  o f  such f i s h  a s  pi lchard , 
mackere l ,  and some herring s ; S arga s sum ;  p l ankton ; the 
j uven i l e s  o f  many f i sh ,  squid , and other nectonic ( wa te r  
c o l umn- i nhabi ting ) form s ; and o ther organi sms . One fami l i ar 
e xamp le which can be c o n s idered neustonic in the context 
of o i l  impac t s  is the mo squi to larva . 

Meroplankton ( pl ankton ic for part o f  the i r  l i fe cycle ) 
are genera l l y  con s idered to be s e n s i tive to environme ntal 
s tre s s4 1  and s i nce many are neu s tonic they are part i c u l a r l y  
endangered by o i l  s p i l l s .  

O c c a s iona l sub stan t i a l  catch de cl ine s in menhadden and 
o the r f i s he s  in the Gu l f  o f  Mexico have been a ttributed to 
a bnorma l we athe r  and Mi s s i s s ippi f l ood s . It is be l i eved 
tha t the large - scale de s truc tion of neustonic eggs  i s  
re s po n s i ble for the reduc tion , a l though thi s hypo the s i s  
rema i n s  un sub stantiated a t  the pre sent time . 4 2  I f  i t  i s  
corre c t , then i t  s eems l i k e l y  tha t an extens ive o i l  s p i l l  
cou ld have s ig n i f icant adve r se e f fe c t s  upon the f i sh catche s 
by decimat ing the neu s tonic eggs and larvae . The s e  could 
be exposed to direct k i l l  f rom wa ter- soluble frac tions 
of  hydrocarbo n s  a nd would a l so be vu l ne rable to starva tion 
in the event that a ma s s ive s p i l l  k i l l ed o f f  the ir food 
s upp l y  o f  p hytop lankton and zoop l ankton . 4 3  S ince larvae 
are experimenta l l y  known to be far more s en s i tive to o i l  
p o l lution than a s s o c i a ted adu l t  popula tion s ,  expo sure to 
o i l  spi l l s  in thi s c r i t i c a l l y  vu lnerab le point in the 
s pe c ie s '  l i f e  cycle could substantial l y  reduce populations 
in succeeding year s . 

Ano ther hypothe ti c a l  danger concern s the seawe ed 
§arga s sum and i t s  a s soc i a ted commun i ty . A large s p i l l  o f  
c rude i n  the v i c i n i ty o f  one o f  the se f l o a t ing a s s emb l age s 
could r e s u l t  i n  o i l ing o f  ·::he §_��-�!2 p roduc ing a 1 matted ' ,  
s table aggrega ti on o f  o i l . Thi s could we l l  l e ad to the 
dec ima t ion o f  the commun i ty whi.c:h r e l i ed upon the he al thy 
S a rga s sum for surviva l . 4 4 Whi :i. e the e c o logy o f  the S a rga s sum 
commu n i t:y i s  poorly known , the commun i ty i s  highly spec i a l i zed .  
and i s  the r e f o r e  l i k e l y  t o  be l e s s  vu l n e ra b l e  �o t h e  type 
of s t re s s  r e p r e s e n t e d  b y  a ma .:; c r o i l  s p i l l . 
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A fur ther o i l - s p i l l  re la ted danger to the neus ton 
community is the tendency of o i l  to conc entrate chlorina ted 
hydroc arbons , inc l udi ng DDT , in a th in layer near the surfac e . 
F i e ld measurements by Seka and Cochrane ( 1 9 6 9 )  in B i s cayne 
Bay , F lorida , demons trated thi s by de termi ning tha t  the 
concentra tion o f  d i e ldr in ,  a chlorinated hydroc arbon u s ed 
a s  a p e s t i c ide , in the top 1 mi l l imeter o f  water conta ining 
a s li ck was more than 1 0 , 0 0 0  time s higher than the under lying 
wa ter . And s ince the d i e ldrin in thi s  mi l l ime ter wa s 
p r e s umab ly conc entra ted in the top 1 , 0 0 0  angs troms contain ing 
the s l ick i t s e l f , the surface concentr ation was about 1 
part in 1 0 , 0 0 0 ,  a s  oppo s ed to the underlying wa ter conc entration 
of 1 part in a tr i l l ion . 4 5  

One f inal d i s turb ing a s p e c t  o f  the neustonic prob l em 
i s  that conventional me thods o f  po l lution remova l may do 
l i t t l e  to aid the s e  communi t i e s  other than to prevent the 
s preading of the a f fec ted zone . For examp l e , the u s e  o f  
booms , which i s  recogni zed a s  a pre f e rred a l ternat ive when 
we ather cond i tions permi t the ir u s e , wou ld appear to c l ear 
away much of the neus ton a long wi th the contamination . 
Burn ing the s l i ck wi ll c le a r ly put s tres s upon the neus tons , 
as  wi l l  the u s e  o f  d i s pers ants , whi ch are genera l ly h ighly 
toxic . Conc e i vab ly , chalk ing the s l i ck and the reby 
s inking it might s ave some of the s ur face commun i t i e s , 
yet the r e s u l tant damage to bo ttom dwe l lers rai s e s  s e r ious 
que stions about the viab i l i ty o f  th i s  approach . 

3 . 6  Benth i c  Communi ty 

The benthic ( s e abed ) commun i ty i s  compo s ed o f  gas tro
pods ( sna i l s , l impe t s , e tc . ) ,  b ivalves ( c l ams , mu s s e l s , 
e tc . ) ,  crustaceans ( shr imp , lob s te r s , e tc . ) ,  var ious forms 
o f  a l gae , ke lp and other f lora , as we l l  as othe r forms s uch 
a s  wo rms and anemone s .  The s e  s p e c i e s  are endangered by o i l  
s p i l l s  s ince large amo 0nts o f  o i l  u l tima te ly s e t t l e  from a 
s ur face s l ick to the bo ttom i n  many ins tanc e s . The s e  c an 
l e tha l ly a f f e c t  the benthic spec i e s  by coating , toxic i ty , or 
over-wei ghting so that bo ttom currents can transport the 
s p e c i e s  out of the ir accus tomed habitats . Sub le tha l do s e s  
o f  pe tro leum toxins  can a l s o  adve r s e ly a f fect the communi ty 
by l imit ing growth and reproduc tion . 

Oil  s ink s natural ly to the: bottom by adher ing to clay 
partic l e s . In the case o f  the " b lowu u.t "  of  P l atfo :r m  A- 2 1  a t  
S anta Barb ara , 

.
c a l i forni�� land runo f f  turb idity s upplied the 

nece s s ary p articulate s . 
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Oi l f rom the Torrey Canyon s p i l l  wa s sent to the bo ttom by 
the de l iberate appli cation o f  3 , 0 0 0  ton s  o f  chalk o f f  the 
coa s t  of B r ittany . 4 7 

The o i l  depo s i ted by the S anta Barbara blowout has been 
tran spor ted by bo ttom curren t s  from the o r i g inal P l a t form A-
2 1  s ite i n to the S an ta Barbara ba s in whe re the large - sc a l e  
p o l lution i s  n o t  l i kely t o  degrade rapidly due t o  low oxygen 
condition s . 4 8  Thi s spreading of the ori gina l contaminat ion 
i s  not uncommon . The No . 2 fue l o i l  sp i l led at We s t  F a l 
mouth in 1 9 6 9  ha s a l so d r i f ted into deeper water s .  Once 
again , the mode o f  tran sport s eem s to be the movemen t o f  
o i l - l aden s ed iment along the bo ttom . 4 9  

O i l  on the bo ttom appear s to we ather very s l owly . The 
S anta Ba rbara b l owout commenced on January 2 8 ,  1 9 6 9 .  Suc
ce s s ive mea suremen t s  o f  s edimen t po l lution on March 3 1 , May 
1 ,  and June 1 3 , 1 9 7 0  s howed no evidence o f  a reduc tion in 
oil content ove r thi s  per iod . 5 0  Sediment oil  i s  general l y  
r i ch in aromatic s and cyc l oalkane s due t o  s e l e c tive biodegra
dat ion and o ther we athering lo s se s  of the n-alkane s . 5 1  
Unfortuna te l y  the se aroma tic s inc l ude some o f  the mo s t  toxic 
componen t s  of the crude o i l . The weathering proce s s  i s  
re tarded b y  the fact tha t sedimen t s  loaded wi th oi l become 
anaerobic so bacterial degrada tion and rework ing of the 
sediment s by aerobic benthic organi sms i s  arre sted . 5 2  
Furthermore , o i l  i s  known to soak into the sediment and 
weather even more s lowl y in thi s s he l tered envi ronment . The 
We s t  Fa lmouth s p i l l  occurred in S ep tember of 1 9 6 9 . In  Apr i l  
o f  1 9 7 1  the sed iment o i l  wa s found to b e  abnorma l ly high in 
arom a t i c s  ( 3 0  percent ) ,  having undergone s e l e c tive weathe r ing , 
and had p enetrated 3 inche s into the sediment . Evidence 
f rom thi s incident supports the theory that absorbed o i l  
degrade s more s lowly than tha t  o n  the surface o f  the seabed . 
Only a f ter two year s had ab sorbed o i l  been found to have 
wea thered to the s tage that surface sediment o i l  achieved in 
1 0  month s . 

Pre s ently there i s  l i ttle knowledge about the e f fe c t s  
o f  o i l  depo s it s  upon hard sub strate s a s  opposed t o  the so f t ,  
mucky o r  sandy sed iment s  previou s l y  d i scus sed . 5 3  P r e s umably 
there wo uld be l e s s  soaking and more rap id we athe r ing , but 
more f i e l d  work need s to be done in thi s  area . There are 
many of the s e  rocky outcropping s ,  nota b l y  in the o i l - r i c h  
o f f sho re region s o f  Texa s . 

The b io logical e f fe c t s  o f  o i l  upon benthic commun i ti e s  
have rece ived con s iderab l y  l e s s  attention than the impac t s  
upon the surface dwe l ler s .  However ,  some f i e l d  work and 
experimentation have been done whi c h  provide a parti a l  
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under s tand ing o f  the potenti a l  threat to the benthic commun i 
t i e s . The Torr ey Canyon s p i l l  i s  particularly interes ting 
bec aus e an e s t ima ted 2 3 , 5 0 0  tons o f  oil  was sunk by the 
app li cation of chalk . S k i n  diver s did a po s t - s p i l l  s tudy o f  
larger benth i c  organi sms , no ting l arge numb e r s  o f  dead and 
mor ibund c l ams , sna i l s , crustaceans , and echinoderms . 
Un fortunately much o f  thi s  i s  attributed to the u s e  by 
Eng l i sh author i t i e s  of BP - 1 0 0 2 ,  a highly toxic di s p e r s ant , 
on the e a s tern portion o f  the s l ick in l i eu o f  the French 
cho i c e , chalk . L i tt l e  is known about the f a te of the o i l  
that wa s s unk o ther than the fact that i t  has subs equently 
fouled f i shing g e a r  and con tamina ted catche s . 5 4 

A s urvey o f  the e f f e c t s  o f  the S anta Barbara b lowout 
wa s aided by the exi s tence o f  a b a s e l i ne s tudy o f  the 
benth i c  corrunun i ty 1 0  years prior to the contamination . 
Al though there wa s s hown to b e  cons iderable red uc t ion o f  
b ioma s s  during the period from the ba s e l i ne s tudy to the 
p o s t- s p i l l  study , it may be po s s ib l e  to account for the 
change by c ons idering heavy rainfal l ,  the pre s ence of dri l l ing 
operations and o ther s p i l l s  in the channe l  not exi s t ing 
during the ba se l ine s tudy , an increase in the concentra tion 
o f  land-der ived pol lution ( e . g . , s ewage and p e s t i c ide s ) ,  and 
natural f luc tua tions . S S  Spec i f ic high leve l s  of damage to 
the echuinoid worm Li s trio lobu s p e l od e s 5 6  and the sma l l  
s e aweed Hesperophycus harveyanus were no ted , with the l atter 
be ing a ttr ibuted �o ero s ion by wave- action upon the ove r
we i ghted p l ants . 5 7  

The s p i l l  a t  We s t  Fa lmouth ha s undergone in tens ive 
s tudy due to its proximity to the Woods Hole Oceanographic 
I n s t i tute . A l though i t  wa s i n i t i a l ly loca l i z ed , the oil has 
s ub s equently dr i fted , produc ing a gradient o f  oil concentra
tions . In heav i ly o i l ed areas the benth i c  corrununi ty was 
virtually tota l ly e l iminated . I n  o ther l e s s  contami nated 
regions the s en s i t ive s pe c i e s  s uc h  as  amphipod crus taceans 
were s e lec tively k i l led . 5 8  The immedi ate ly apparent le tha l  
e f fe c ts ( the shore became l ittered with wa shed u p  lobs te r s  
and other crustacean s ) we re ac companied b y  other s ub l e tha l 
e f f e c t s . I n  particu lar i t  wa s no ted that f iddl e r  crabs 
d i s p layed nut-o f - s e a s o n  ma ting co loration and a l tered defens ive 
behavior . 5 9  

The p er s i s tence o f  s ed iment o i l  i s  demon s trated by the 
spi l l  in Chedabuc to Bay , C anada , of Bunker C fue l . Wh i le 
ther e  wa s only a very l imi ted number o f  fatal i t i e s , contamin
a t i on wa s ident i f ied at the s p i l l  location 2 6  months a f te r  
the orig ina l accident . 6 0  Woods Ho le s c i e n ti s ts e s t ima te 
comp lete recovery of the We s t  Falmouth s p i l l  also to be a 
long proc es s ,  on the order o f  5 to 1 0  year s . 6 1  
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The Tampico Maru spi l l  caused extens ive ki l l s  of  P i smo 
c l ams , abalone s , star f i sh , sea urchin s , lobster s ,  and other 
subtidal  benthic invertebrate s . S ince much of the o i l 
became concentrated in a re lative ly she ltered cove the long
term e f fects  of the reduction of graz ing spec ie s  ( sea urchin s )  
and predators  altered the ecosystem signif icantly . Ful l 
recovery had not occurred a s  much a s  7 year s after the 
spi 1 1 6 2  with the abalone Ha l ioti s fulgiens  ��d the mus s e l  
Myti lus sti l l  appearing in reduced number s . b J 

Exper imental work ha s begun to de termine the letha l 
threshholds  and sublethal e f fects  o f  oi l on benthic spec ie s .  
Among the fauna , gastropods ( snai l s ,  l impets , e tc . )  are found 
to be the mo s t  res i stant to contamination whi le  crustaceans ( lobster s ,  shr imp , e tc . ) are the mo st sens itive . Ga stropods 
can survive up to 1 0 0  to 2 0 0  ppm of soluble  aromatic der ivatives  ( SAD , a maj or toxic component of  o i l )  and thi s i s attributed 
to the ir secret ion of a mucous substance which combats 
coating . Bivalve s ,  suc h  as mus s e l s  and clams , di splay a 
moderate res i stance , surviving up to 5 to 5 0  ppm SAD . They 
defend against o i l by c lo s ing the ir she l l s ,  but s ince they 
cannot do so inde f initely , they are moderate ly  susceptible 
to toxin s . The remain ing spec ie s , crustacean s and othe r s  
are genera l ly kil led by 1 to 1 0  ppm SAD . 6 4 

Cockles  suffer high  morta l it ie s  after a short expo sure 
to to luene or mixed aromatic so lvents  and the Amer ican 
freshwater crayf i sh i s e l iminated from irr igation channe l s  
b y  a herbic ida l mixture o f  aromatic s , rich in xylene , in 
concentrations of  1 5 0  to 3 0 0  ppm . 7 4 0  ppm ki l l s  Canadian 
Pond weed , barnacle s ( E l iminus mode stus ) suffer 5 0  percent 
mortal i ty after 1-hour expo sure to 1 0 0  ppm fre sh  crude , and 
a 3 to 4 percent mixture of fue l oi l s  i s letha l to oysters  
and mus se l s  in one week . 6 5  

BP- 1 0 0 2 , the di sper sant used in the Torrey Canyon 
incident , i s letha l  to a varie ty of crustaceans , sub-l i ttoral 
mo l lusc s ,  and de l icate seaweeds  at concentration s of  5 to 2 5  
ppm and can affect  the growth of  the larvae o f  barnac l e s  and 
tube worms at 0 . 5  to 1 . 0  ppm . 6 6  

Whi le  the se  concentrations  are fa irly  high they are 
evidently reached in the ac tual f ield condi tions  upon occas ion 
as i s demonstrated by the letha l i tie s  a s sociated with the 
aforementioned spi l l s . Many sublethal but none the l e s s  
important e f fects  have been noted a t  far lowe r and hence 
more common concentration s . Experiments  wi th lobsters  have 
shown that they may be attracted to br icks  soaked in so luble 
aromatic components of  kero sine , 6 7  that keros ine contamina
tion induced searching , feeding and agi tated grooming 
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b ehavior , 6 8  but that in the presence o f  sma l l  quan t i t i e s o f  
c rude o i l , mo tiva tion for f eeding was lowered . 6 9 Along 
tho s e  l i n e s  Ki tteredge ( c i ted in Johson and Barto n , 1 9 7 3 )  
ha s demons trated tha t the f eeding and s e x  pheromone r e s pons e s  
o f  the l i ned shore c rab Pachygrapsus c ra s s ipe s are i nhibi ted 
by d i lute concentrations of d i e thyl e ther extracts of c rude 
o i l s . 7 0  S ta r f i s h  are known to rea c t  to oys ter extracts in 
concentrations o f  ppb . 7 1  

Many s tudi e s  have inve s t igated the depr e s s a n t  e f f e c t s  
o f  crude upon the r e spiration o f  various s p e c ie s . Depre s s ed 
re s p i ration h a s  been u s ed a s  an i nd i cation of envi ronmental 
s tre s s . Boe sch , however , s ta te s : 7 2  

Perhap s more important than r e s p i ra t i o n  a lone , i s  the 
e ff e c t s  of o i l  on the maintenance o f  a carbon b a lance 
s u f f i c ient for growth and reproduc tion . Gi l f i l l i an 
( 1 9 7 3 )  e xpo s e d  the mus s e l s  Myti lus edu l i s  and Modi o l u s  

demi s s u s  to s e awater extracts o f  a c rude o i l  a n d  found 
tha t whi le r e s p i ra t ion wa s no t gre a t ly a f f ected , both 
the amount o f  carbon consumed and the amount a s s imi lated 
dec r e a s ed sharply at concentrations o f  greater than 1 0  
percent ( concentra tions o f  1 ppm o r  l e s s ) . Thu s , the 
net carbon b a l ance ( a s s imi lation l e s s  r e s p i ra t i o n )  
dec l ined t o  negative va lue s in s everal exper iments , 
meani ng that energy was l e s s  ava i lable for growth and 
reproduc tion . 

The d i s covery that hydrocarbons , inges ted by marine 
o rgani sms through the wa l l  of the gut , can become part o f  the 
l ipid poo1 7 3  and then be pa s s ed up the food web r a i s e s  the 
po s s i b i l ity of the concentration o f  o i l  toxins eventua l ly 
l eading to human consumption . At p r e s e n t  evidence o f  hydro
c arbon accumulation i s  not s trong , however ,  and does not 
pose the s ame threat a s  tha t  of pe s ti c ide s . 

There i s  cons iderab le controver s y  about the p roc e s s and 
rate o f  depuration o f  contaminated spec i e s . B lume r , S o u z a , 
and S a s s  ( 1 9 7 0 )  c l a imed tha t  oysters  removed f rom an o i l
p o l luted area and kept in c lear water for 6 months had no 
c leansing oc cur . Lee , S auerherber and Benson ( 1 9 7 2 )  reported 
tha t  the mus s e l  Myt i lus edu l i s  rapidly incorpora ted pe tro leum 
hydroc arbo n s , e . g .  3 ,  4 ben zopyrene , but tha t they rema i ned 
i n  the gut and were ne i ther a s s imi late d  nor broken down . I n  
contra s t  to the r e s u l t s  o f  Blume r , S o u z a , and S a s s , they 
were quickly c l eansed in c l ean wa ter . 7 4 

I n  care f u l ly contro l led exper iments upon the c lam 
Rang ea cbne ata and the oys ter Cra s s o s trea virginica , Ander s on 
c learly d emon s trated tha t the s e  b i va lve s do ab s o rb s igni f i cant 
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quant i t i e s  o f  aroma t i c s  and s a turated hydrocarbons w i th a 
h igher intake o f  the f ormer b e i ng no ted . He conc l ude s : 

However ,  the f indings pre s en ted i n  th i s  s tudy have 
demons trated tha t  both aroma t i c  and s a turated hydro
c arbons are r e l ea s ed f rom the t i s s u e s  re latively 
rapidly , such that ma intenance i n  c lear wa ter for 
p e r i od s  f rom 2 4  to 52  days i s  s u f f i c ient to c le a n s e  
t h e  t i s s u e s  o f  detectab le leve l s  o f  hydrocarbons . 7 5  

No . 2 f u e l  wa s s hown to b e  mor e  pe r s i s tent than Lou i s i ana 
c rude , as it depured i n  5 2  days wh i le Loui s i ana crude w a s  
e liminated from the oys ters in about a we ek . 

Wh i l e  the preponderance o f  evidence indicates tha t 
depura tion , i n  c lean wa ter , occurs f a i r ly rap i d ly , the fact 
that o i l  is  found to be s o  p er s i s tent on the bo ttom means 
tha t  oil  s p i l l s  mus t  b e  cons idered a s  a s er i ou s , i f  loca l i z ed , 
l ong-term threat to the benth i c  communi t i e s . 

3 . 7  E s tuar i e s ,  We t l ands and I ntertidal Zone 

S hore and coa sta l zone s may b e  roughly divided into 
wet lands , intertidal zone s , and e s tuari e s . Each h a s  i ts own 
unique phys i c a l  and b i o log i c a l  characteri s t i c s , and r e s po nd s  
a cc ord ingly t o  o i l  contamination . 

E s tuar i e s  ( mouth s o f  r iver s )  exh i b i t  periodic f luctua
tions in s a l in i ty f rom the r i s e  and fa l l  o f  the tide . 
There i s  a l so a general s a l in i ty grad i e n t  b e tween f r e s h  and 
s e a  water , g iving r i s e  to a s t rat i f ication o f  f lo r a l  and 
faunal type s . E s tuar i e s  are o f ten centers f o r  indus try , 
s h i p p i ng , and c ommerc i a l  f i sh i ng s ub j ec t  to chroni c  s t re s s  
f rom pol lutant s  ar i s ing from the s e  source s . 

The we t l ands in temperate zone s gene r a l l y  take the 
form o f  l ow- lying mar s he s , whi c h  are p e r iodi c a l ly f looded 
w i th brack i sh wa ter a t  high tide . Mar sh gra s s e s  s uch a s  
S partina usua l ly dominate . 

We tland s and e s tuar i7�  are among the mo s t  productive 
areas i n  the world . Odum found e s tua r i e s  to have a p r imary 
p roductivity of 1 0  to 2 5  grams of dry ma tter p e r  s quare meter 
per day . S a l t  mar s h e s  p roduce up to 9 grams , s ho r e s  and 
sha l low s e a s  0 . 5 to 3 . 0  grams , and the oceans l e s s  than 0 . 5  
grams/me ter 2 /day . Much o f  the l i fe in e s tuar i e s  i s  s uppo rted 
through a food web b a s ed o n  va �rular p lant debr i s  ( detrius ) 
f rom the surrounding wetlands . 7 7  Tidal we t lands and e s tuar i e s  
s erve a s  hab i ta t , feed ing , and breedi ng grounds for shore 
b i rd s , f i sh , and o ther w i l d l i f e . Wetlands are important 
d e f en s e s  aga i n s t  e ro s ion . 
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Oi l s p i l l s  in e s tuari e s  have tended to b e  chroni c rather 
than s p e c tacular , and probably for thi s reason the b i o logical 
e f f e c t s  have no t been exten s ive ly s tud ied . 7 8  C ertain charac
ter i s t i c s  o f  e s tuaries  indic ate tha t o i l  po l lution may have 
s er i ous e f fec ts : 7 9  

1 .  E s tuar i e s  are genera l ly conf ined and rel a tive ly 
shal low bod i e s  o f  water . Oi l s p i l l s  and the 
emu l s i f i e r s  u s ed to d i s pe r s e  them wi l l  be con
centrated in a rel a tively sma l l  area and vo lume , 
and may rema in s o  for long per iods i f  the river 
f eeding the e s tuary is s lugg i s h  and tida l vo lume 
i s  smal l .  

2 .  E s tuar i e s are typ i ca l ly turbid , wi th the re s u l t  
tha t f loat ing o i l  adhe r e s  t o  the f i n e  sedimen t 
parti c l e s  and s inks to the bottom , whe re i t  
contaminate s she l l f i sh and bottom- f eeding f i s h e s . 
Fine s i l t tends to be accumul a ted in e s t ua r i e s  
by the net vortex action o f  fre s hwa ter moving 
s e award over the top , and s e a  wa ter moving in 
c lo s e r  to the bottom . 

3 .  A ma j or food web in mo s t  e s tua r i e s  i s  b a s ed on 
detri tus , wh ich ab s orb s o i l . 

4 .  O i l  may pers i s t  and accumulate for long periods 
under the anaerob i c  condi tions o f  the s ub s ur f ace 
s ed iment s .  

5 .  Dive r s i ty i s  low a t  the head o f  an e s tuary , a s  
r e l at ively f ew s p ec i e s  are adapted t o  h i gh tur
b id i ty , f luc tuations in s a l i n i ty and the unu s ua l  
c omb ination o f  s a l ty water and muddy s o i l . The 
region may become barren i f  none o f  the s e  s p e c i e s  
prove s r e s i s tant t o  the pol lutant . 

On the o ther hand , e s tuaries  may prove themse lve s  
p ar t i cularly re s i l ient becau s e : 

1 .  The abundant micro b i a l  l i f e  should lead to rap id 
aerob i c  degrada tion . 

2 .  Li fe- forms in e s tuar i e s  tend to have high repro
duc tive capac i t i e s , enab l i ng them to rec over 
quickly even a f ter large numb e r s  are k i l led . 

Mi l ford Haven ( South Wa le s )  ha s become a ffia j or o i l  
po rt within the l a s t  1 5  year s . I t  has par ticularly g ood 
c le an-up fa c i l i t i e s  and we l l -d e f ined p l a n s  to en sure their 

D- 2 7  



rapid and e f f ic i ent u s e . I t  h a s  the advantage tha t  the 
l arger tidal vo lume s and swi f t  currents a l low the u s e  o f  
emu l s i f ie r s  wh ich wou ld b e  too tox i c  i n  a mor e  s lugg i sh 
e s tuary . 8 0  Mi l ford Haven ha s a rich marine f lora and f auna , 
inc luding comme r c i a l  s h e l l - and f in - f i sherie s , 8 1  and reports 
that no general deterioration could b e  dete cted a s  a r e s u l t  
o f  t h e  f i r s t  decade o f  operation . 

The e ff e c t s  o f  o i l  s p i l l s  on tida l  we tland s  have been 
we l l  documented , e spec i a l ly with regard to the vas cular 
plant s . The s t ud i e s  genera l l y  agree tha t  wh i le the we t l ands 
are quite re s i s tant to s ingle s p i l l s , and recover gu i c k ly , 8 2  

they can be s everely damaged by chronic pol lution . 3 

S a l t  mar s h  p lants are genera l ly terre s t r i a l  s pe c i e s  
adapted f o r  mar ine c ond i t ions . I n  the lower reache s o f  a 
mar s h , the ir d ivers i ty i s  low , and a bad s p i l l  may not leave 
behind s u f f i c ient vegetation to p revent ero s ion . 8�  In the 
higher r eg ions , r e s i s tant s p e c i e s  s uch a s  Agro s t i s  s to loni f era 
can s pread acro s s  the bare patche s . 

Ne l son-Srni th 8 5  s ugge s t s  tha t o i led s a l t  marshe s are 
be s t  l e f t  untreated because they trap and ho ld the o i l , 
e ff e c tive ly preventing i t  f rom foul ing o ther regions . They 
are genera l ly unsuited to recovery of the o i l  by p umping , 
due to the s o f t  and uns tab l e  ground , and the i r  vegetation i s  
s u s ceptib l e  t o  emul s i f ie r s  u s ed t o  d i s p e r s e  o i l . The inter
tidal zone cons i s t s  of the area between h igh and low t ide , 
wh ich i s  a l te rna te ly e xpo s ed to s e a  and a i r . The dominant 
s p e c i e s vary depending on whe ther the beach is rocky , s andy , 
o r  muddy . Rocky shore s have been mos t  extens ively s tud ied , 
perhaps becau s e  the organ i sms are mo s t  e as i ly de te c ted and 
o b served . 

O i l  wa shed up on she l tered s andy beaches s e ems to have 
s ev8re e f f ec t s . O i l  s p i l l s  at We s t  F almouth 8 6  and Chedabuck 
Bay 8 7  rema ined in the intertidal zone for s evera l years . 
O i l does not read i ly penetrate we t s and , but wave action may 
cover it with f r e sh s and , g iving even a newly p o l l uted beach 
a c lean appe ar anc e . 8 8  The o i l  may s ee p  out or be expo s ed 
a t  a later date , and cause continued damage to local l i fe
forms . 

On a rocky beach , o i l  i s  e i ther s tranded a t  the high
wa ter mark , or washed back out to s e a  by the wave s . O i l  
l e f t  a t  the h i gh-water mark may seep into cracks and caus e 
long-term damage , 8 9  or i t  may mix with miner a l  and organic 
ma tter to  form hard , tarry b a l l s . 
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I n tertidal organi sms are rarely k i l led by direct 
tox ic i ty . 9 0  Mo re commonly ,  they are anes the ti zed or 
weakened , and later swept from the ir natural hab i ta t  or 
eaten by preda to r s . Some mob i le intertidal an ima l s  are 
trapped by particularly thick o i l s . 9 1  S e s s i le organisms 
such as barnac l e s  may b e  s u f focated when comp l e t e l y  covered . 
A covering o f  o i l  a l s o  reduces the qas exchange rate s ome
what 9 2  and may cause tida l  poo l s  to overheat in d i r e c t  
sunl ight a s  a cons equence o f  i ts darke r co lor . I t  may 
i nh i b i t  pho tosynthe s i s  s imp ly by blocking the sunl ight . 

Re c o loni z a ti on o f  a denuded rocky coa s t  gene r a l ly 
fol lows the succ e s s ion pa ttern o f  a f r e s h ly- introduc ed sur
face . Green algae re turn f i r s t  and grow in pro fus ion 
due to the abs e nce o f  gr a z er s . The s e  wi l l  be rep laced by 
brown , fuco id a l gae , o f ten s lowly crowded out by mu s s e l s  
and barnac l e s . Recovery i s  comp l e ted w i th the re- e s tab l i sh
ment of the a lqae/herb ivore balanc e , wh ich take s at mo s t  a 
f ew year s . 

Re covery on a rocky coast i s  u s u a l ly f a i r l y  rapid . 
Th i s  may b e  a ttributed to the fact tha t  o i l  rarely per s i s t s  i n  
the inter tidal zone , b u t  i s  swept o u t  t o  s e a  o r  remains  a t  
the s trand - l i ne and inter tidal organi sms reproduc e rap i d l y  
and in large numb e r s . Many o f  the p l ant s p e c i e s  c an 
regenerate rap i d l y  f rom sma l l  l iving portions . 

Bio logi s ts genera l l y  agree tha t  the use  o f  emuls i f ie r s  
on s tranded o i l  may c a u s e  more damage t o  the intertidal 
communi ty than the o i l  alone . Lower-toxic i ty emul s i f i ers  
such as  BP l l O O  have been deve loped in recent year s , and much 
of the repor ted damage from them is attributab le to improper 
app l i cation . 
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4 .  Extent , Locat ion and Frequency of Te rre s t r i a l  
O i l  S p i l l s  

O i l  s pi l l s  o n  land a r i s e  f rom three ba s i c  source s :  
p ip e l i ne s , truck s ,  and train s . O f  the s e , s p i l l s  f rom trains  
are l e a s t  s i gn i f icant , s ince only a sma l l  portion of  oi l 
tran s por ted ove r l and i s  carried by tra in s ; truck s  are o f  
moderate s igni f i cance but are u sed ma inly to tran sport 
r e f ined o i l  and , bec au se of the i r  s i ze , are re spon s ib le only 
for rel a tive ly sma l l  s p i l l s . P ip e l ine s p i l l s  account for 
mo s t  of the sub s tantial o i l  s p i l l s  on land . Also p i p e l ine 
s p i l l s  are re s po n s ible by f ar for mo s t  o f  the crude o i l  
s p i l led o n  land . Table D - 7  d i splays the record o f

-
crude 

o i l  s p i l l s  f rom p ipe l in e s  in recent year s . 

I n  1 9 7 5 ,  for examp l e , 2 2 5  accidental p i pe l i ne s p i l l s  
occurred i n  the Uni ted S tate s .  O f  the se ,  1 3 5  invo lved cr ude 
o i l , ac counting for ove r 3 3  percent ( 1 0 5 , 8 7 1  bbl ) o f  the 
total vo lume o f  p e tro l e um produc t s  spi l led f rom pipe l ine s .  
Mo s t  ( 7 4  percent ) a c c idents occurred in the l ine pipe 
i t se l f , a s  a result of rupture s cau sed by mac hinery and 
externa l or i nternal co rro s ion . 9 3  

From 1 9 7 2  to 1 9 7 4 , a total o f  1 , 4 4 4 , 2 6 1 , 4 0 0  ton s , or 
about 9 , 5 5 2 , 0 0 0 , 0 0 0  barre l s , of oil were transported by p ipe
l ine . Department o f  Transporta tion ( DOT ) f igur e s  ( see Table 
D - 7 ) s how that in thi s same pe riod , 6 1 0 , 8 0 1  barr e l s  were 
lost in 5 0 1  s eparate i nc i den t s , or 1 barre l for every 1 5 , 6 0 0  
barre l s  transported . As to tal barr e l -mi l e s  for thi s period 
were 5 , 8 7 0  b i l l ion , 9 4  thi s amoun t s  to 1 barrel  for every 
9 , 6 1 0 , 0 0 0  barre l -mi le s .  

The DOT f igur e s  s how that 3 1  o f  the se sp i l l s  were large 
( 5 , 0 0 0  barre l s  or more ) , whi l e  4 7 0  were le s s  than that amoun t . 

Texa s , Okl ahoma , Kan sa s ,  and Loui s i ana accounted respecti ve l y  
for 3 7  percent , 1 1  percen t ,  6 percent , and 5 p e rcent o f  the 
inc ident s . 9 5  As wou ld be expe c ted , the s e  s t a te s  have the 
heavie s t  p ipe l ine activitie s .  

5 .  Impa c t s  o f  Terr e s t r i a l  O i l  S p i l l s  

Ter r e s t r i a l  sp i l l s  which d o  no t imp inge on the local 
water s y stem are genera l l y  much l e s s  damag ing than mar ine 
s p i l l s  o f  comparable vo lume . The contaminant spreads ne i ther 
s o  f a s t  nor so f ar , with the r e s u l t  that much o f  i t  c an be 
re covered s imp ly by suc tion . The damaged so i l  may be 
removed and rep laced with f re s h  soi l ,  turned under , or s eeded 
with bac ter ia to promo te degradation . 
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Y EA R  

1 968 

1 9 69 

1 9 7 0  

1 9 7 1  

1 9 72 

1 9 73 

1 9 7 4  

1 9 7 5  

TABLE D - 7  

CRUDE O I L  P I PELINE ACCI DENTS REPORTED TO THE 
DEPARTMENT OF TRANSPORTATI ON ON DOT 7 0 0 0 - 1  ( 1 ) 

NO . O F  L O S S  P RO P E RTY N O . OF ACC I DENTS 
ACC I DENTS ( BA R R E L S ) DAMAGE ( $ )  D U E  TO CO RROS I ON 

3 2 2  2 2 2 , 2 5 7
( 2 ) 

866 , 0 72 1 68 

246 1 74 , 640
( 3 ) 

l , 1 76 , 2 6 0  1 2 9 

2 1 6 383 , 1 60 4 1 3 , 7 56 1 3 3 

1 72 1 1 5 , 76 0
( 3 ) 

1 1 7 , 938 7 7  

1 80 2 3 3 , 6 9 0
( 4 ) 

7 6 0 , 798 76  

1 5 5 208 , 37 3
( 5 ) 

4 1 1 ' 08 0  6 5  

1 66 1 68 , 7 3 8
( 6 ) 

63 5 , 666 51  

1 3 5 1 0 5 , 83 1  l , 4 4 1 , 7 64 54 

( l )
D e p t . o f  Tra n s . ,  Mate r i a l s  Tra n s p o r ta t i o n B u re a u .  S umma ry o f  L i q u i d  P i pe l i ne Ac c i d e n t s  
Reported o n  DOT From 7000- l . 1 96 8- 1 9 7 5 . 

{ 2 )
I nc l udes l a c c i d e n t  w i t h  l o s s  o f  4 1  , 0 00 ba r re l s  a nd l vtj th l os s  o f  1 2 , 3 6 3  b a r re l s . 

( 3 )
I nc l u de s  5 a c c i de n t s  w h e re l o s s  wa s 5 , 0 0 0  ba rre l s o r  o ve r .  

( 4 )
I n c l u de s  1 4  a c c i d e n t s  where l o s s  w a s  5 , 00 0  b a r re l s o r  ove r .  

( 5 )
I n c l udes 1 0  a c c i d en ts wh e re l os s  wa s  5 , 000 ba rre l s  o r  o v e r .  

( 6 )
I n c l u d es 7 a c c i d e n ts w h e re l os s  was 5 , 000 b a r re l s o r  o v e r . 



Deneke e t  al . ( 1 9 7 5 )  have reviewed the l i terature on 
the e f f e c ts o f  o i l  on p lants in tempe rate zones . They 
conc lude : 

. . .  in o i l -contamina ted s o i l s  microb i a l  popul ations 
are changed ; to tal number of microbial s p e c i e s  
decre a s e s  wh ile the total numbers o f  organisms 
increa s e s  . . .  With respect to changes in phy s ical  
soil  charac te r i s t i c s  that init i a l ly occur , organ ic 
matter i s  incre a s ed , soil parti c le s  become di sag
gregated and di sper sed , s o i l  aeration i s  decrea sed 
and water we ttab i l i ty i s  inte r f e red w i th . However 
the se condi tions gener a l ly improve wi th time . 
Chemi cal chang e s  include : ( 1 )  the creation o f  
reduc ing conditions , ( 2 )  the forc ing o f  s o i l  pH 
towards neutra l i ty , ( 3 )  a decrea se in the oxidation
reduc tion potent i a l  o f  the s oi l ,  ( 4 )  an incre a s e  in 
the solub i l i ty of iron , ( 5 )  an incr ease in avai lab le 
mangane s e , ( 6 )  an increase in ni trate production , and 
( 7 )  an increase in ava i l able pho s phorus . 

I t  i s  f e l t  that one reason for the de c l i ne and 
death o f  p lants in petroleum- s a tura ted soi l s  i s  the 
mangane s e  tox i c i ty resul ting f rom its increased 
ava i l ab i l i ty .  I t  i s  a l s o  known tha t s eed germination 
is de layed or inhibited in o i l -contaminated soi l s  and 
tha t the s u s p e c ted cau s e s  are di srupted s o i l  mo i s ture 
regime s and p o s s ibly ion toxic i ty .  Attemp ts at 
rec lamation of petroluem- contamined s o i l s  in tempe rate 
regions have been general ly succe s s ful with c u l t i 
vation (mixing f o r  oxid i z ing conditions ) ,  f e r ti l i 
zation , and liming over a period o f  3 to 4 years . 
I t  i s  a l so recogni zed tha t per iod s  o f  enhanc ed growth 
can occur at the latter s tages o f  o i l  degradation . 
Thi s i s  gene r a l ly a ttributed to an incr e a s e  i n  ni trogen 
and the better water retention by the so i l . 9 6  

When a spi l l  f lows directly i n to a river , downs tream 
communi t i e s  u s ing the river for drinking wa ter are a ff e cted . 
Mo s t  commonly , they s imply c lo s e  the i r  intake s for a period 
o f  abo ut a day , and operate o f f  s tandby capac i ty .  Com
mun i t i e s  further down s tream wi l l  receive the p o l lu tant in 
smal ler conc entrations over a longer tiMe per iod , making 
it more di f f i c u l t  for them to avo id contamination o f  
the ir drinking wa ters . 

A s p i l l  may a l s o  contact a commun i ty ' s  water supp ly by 
more ind i rec t me ans . For examp l e , some o f  the o i l  may 
s eep down through the s o i l  and into the gro undwater , or be 
gradua l ly carried to the ma in wa ter supp ly by a sma l l  s tream . 
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I n  such c a s e s , the contamination i s  expected to be mino r , 
w i th odo r s  o r  o i l - sheens rather than immed ia te poi s oning . 
The s e  e f f e c t s  are expec ted to l a s t  up to a year or two in 
the case of groundwa ter contamination , g iving r i s e  to 
p o s s i b l e  long- term toxi c  e f fe c t s . 

A ma j or danger o f  terre s tr i a l  s p i l l s  i s  tha t  they can 
occur near l ake s , r iver s ,  s treams , mar she s ,  and o ther aqua t i c  
s y s tems . When th i s  occur s , loca l ly s evere impacts can 
adve r s e l y  a f f e c t  mo s t  e l ements of the aquatic e c o s y s tem , 
inc lud i ng f i s he s , benth i c  f a una , and mi c ro - o rgani sms . S ma l l  
mamma l s  s uch a s  muskra t s , beave r , r iver o tter s , e tc . , l iving 
near the a f fe c ted wa ters are a l s o  l ike ly to be impacted . 
Oi l cont amination o f  sma l l  mamma l s  c an take the form o f  
i n s u lation l o s s e s  b y  coating o r  even tox i c  re spons e s  due 
to ingestion . Bec a u s e  the area a f f e c ted by such s pi l l s  i s  
a lmo s t  a lways l imited and the s i z e s  o f  the s p i l l s  are 
genera l l y  sma l l , food web e f f e c t s  of terre s tr i a l  o i l  s p i l l s  
are extreme l y  d i f f i c u l t  t o  trace . 
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APPENDI X  E 

S TRIPPER WELL PRODUCTION 

The Energy Conservation and Production Ac t exempted 
s tr ipper we l l  c rude oi l from price regulations as of  September l ,  
1 9 7 6 .  As a resul t ,  stripper output wi l l  be unaffected by 
S tage I I  or I I I  price i ncentives . However ,  s tr ip?er oi l i s 
inc luded in the computation of  the compo si te dome s tic oi l 
price . Hence , the quanti ty of stripper production wi l l , by 
i ts inf luence on the compo s i te price , affect  response to the 
pri ce incentives . 

A .  Onshore Leases  P roduc ing 1 0  Barre l s  per Day or Le s s  
per We l l  

The purpose o f  thi s section i s to describe the method used 
to forecast  stripper production in 1 9 7 9 . Data on the number and 
output of  we l l s  averaging 1 0  barre l s  per day or le s s  oi l pro
duc tion are collected and publ i shed annua l ly by the National  1 S tr ipper We l l  Assoc iation . The latest  detai led data pub l i shed 
show that 1 9 7 4  stripper we l l  produc tion wa s 1 . 1 2 9  mi l l ion 
barre l s  per day . Imcomp lete data for 1 9 7 5 2  indi cate es senti ally  
no  change from 1 9 7 4 . 

A publ i shed s tudy wa s used for e s timating 1 9 7 9  production 
from str ipper we l l s . 3 In thi s s tudy , Profes sor Peder son re lated 
pri ce/cost  ratios  to s tripper produc tion . Average stripper we l l  
cash  operati ng costs  for the tr i - s tate area of  Texas , Okl ahoma 
and Kansas  and the GNP def lator for private f ixed inve s tments 
were  shown to be : 

1o i l and Gas Journal ( November 3 ,  1 9 7 5 ) : 2 3  
2oil  and Gas Journal ( May 1 7 , 1 9 7 6 ) : 8 0  

3 John A .  Pede rson , Col orado Schoo l of  Mines , " Co st-Pr ice 
S tudy of Produc ing S tripper We l l s , " O i l and Gas Journal 
( January 7 ,  1 9 7 4 ) : 7 1  f f .  
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Operating Cost , 
Cents Per Barrel Def la  tor Rat io 

1 9 7 0  2 0 9  1 3 2 . 5  1 . 5 8 
1 9 7 1  2 1 0  1 3 9 . 3  1 . 5 1 
1 9 7 2 2 2 9  1 4 4 . 8  1 . 5 8 

Average 1 . 5 6 

S ince no cost  data were shown for later year s , an average cost/ 
def l ator ratio o f  1 . 5 6 wi l l  be u sed to estimate 1 9 7 6  costs . 
The 1 9 7 6  de flator can be forecast from the known 1 9 7 4  value o f  
1 6 5 . 3 4 and the GNP def lator forecasts  uti l i zed for oi l price 
calculations : 5 

1 6 5 . 3  x 1 . 0 5 1  x 1 . 0 5 4 = 1 8 3 . 0  

So , stripper we l l  operating cost in 1 9 7 6  i s estimated to be : 

1 8 3  X 1 . 5 6 = 2 8 5  cents per barre l 

Average stripper oi l price in mid-1 9 7 6  wa s about $ 1 1 . 5 0 
per barrel . Al lowing thi s oi l to be sold at free marke t pri ce 
l e s s  enti tlements ad j ustment wou ld  increase i ts we l l head value 
to about $ 1 2 . 0 0 .  So  the average price/cost ratio in 1 9 7 6  i s :  

1 , 2 0 0/2 8 5  = 4 . 2 1 

By interpo lation in the upper  part of  Table  E-1 , i t i s 
seen that a 4 . 2  price/cost ratio wi l l  increase tri- s tate area 
cumulative production by about 2 8 0  mi l l ion barrels  during the 
1 9 7 3 - 1 9 8 0 period . From the relationship between Table  E-1  and 
Figure E-1 , the 1 9 7 9  portion of  the 7 -year tri - s tate production i s :  

4u . s .  Bureau of  the Census , S tati sti cal  Abstrac t o f  the Uni ted 
? tate s : 1 9 7 5 , p .  4 1 6 . 

5 oata Re sources , I nc . , 
"
Review for FEA , '' ( August 1 9 7 6 ) . 
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Avg . Pri ce/ 
Co st  Rat io 

3 . 7 2 
4 . 1 1 
4 . 5 4 
5 . 0 2 
5 . 5 5 
6 . 1 3 

Avg . Price/ 
Cost Ratio 

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

TABLE E-1  

POTENTIAL ADDITIONAL CRUDE OIL  

( 1 9 7 3 - 1 9 8 0 ) 
Case I ( 1 0  P ercent Decl ine ) 

Case I I  ( 5 Percent Dec line ) 

Production 
bbl 

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

Product ion 
bbl 

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

Source : The Oi l and Gas Journal ( January 7 , 1 9 7 4 ) : 7 4 . 
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6 5  ( F igure E-1 ) 
X 2 8 0  = 4 4  mi l l ion barrels  

4 1 2 ( Table E-1 ) 

S i nce the tri- s tate area produced 6 0  percent of  U . S .  stripper oi l 
i n 1 9 7 5 , 6 add i tional stripper production in 1 9 7 9  in the tota l U . S .  
attributable to the po s t- 1 9 7 3  pri ce/cost ratio i s e s timated to be : 

4 4  
= 7 3  mi l l ion barre l s  per year o r  2 0 0  thousand 

0 . 6  barrel s  per day 

Had the pre- 1 9 7 4  price/cost ratio continued through 1 9 7 9 , 
s tripper production would have been expected to continue to 
decl ine at the hi storical  net rate of  4 . 1  percent per year 
observed during the period 1 9 6 7- 1 9 7 4 . 7 Applying thi s decl ine 
rate to 1 9 7 4  U . S .  s tripper production ( 1 , 1 2 9  thousand barre l s  
per day) give s a pre-price- increase forecas t  of  9 1 5  thousand 
barrel s  per day . Add ing the 

tt
Pederson price/cost  increment

tt 

yields  a 1 9 7 9 fore cast for output from U . S .  stripper we l l s  
o f  ( 9 1 5  + 2 0 0  = ) 1 , 1 1 5  thousand barre l s  per day . 

B .  Deeo Onshore We l l s  Produc ing Twenty Barrels  per Day or Le s s  

The purpo se of  thi s Section i s to document the conc lusion 
that negl igible addi tional production would be achieved by 
recl a s si fying onshore we l l s  deeper than 6 , 0 0 0  feet  from lower 
tier to s tripper price c l a s si f ication . 

Two approache s were taken to thi s problem . The fir s t  
argument proceeds as  fol lows . In  the preceding sec tion o f  thi s 
appendix i t wa s shown that the current price/cost ratio for 
stripper we l l s  i s about four . As an outs ide case , as sume that 
thi s ratio for deep wel l s  i s only three . Wi th s tr ipper oi l 
se l l ing at  $ 1 2  per barre l ( or more ) , a 1 0  barre l per day deep 

6 o i l  and Gas Journal ( Novembe r  3 ,  1 9 7 5 ) : 7 3 . 
'7 
' Arne r i c a n  Petro leum Institute , Bas ic Petroleum Data Book , 

Sect ion IV , Tab le  4 .  
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we l l  wi l l  yield  a cash income o f  roughly $ 1 2 0 , 0 0 0 8 over the 
next 1 5  years ( by which time production wi l l  have dec lined 
to roughly 2 barrel s  per day)  . During the 3-year per iod 
between now and mid- 1 9 7 9  when price contro l s  cease , a 2 0  barrel 
per day deep wel l  should about break even . 9 Rather than shut 
down , a producer would probably continue operations during the 
next 3 years in order to be able to reali ze the substantial  
cash f low that beg ins  in mid- 1 9 7 9 .  

The second argument i s ba sed on  indus try we l l s/depth 
data collected for 1 9 7 1 . The data are as  fo l lows : 

Produc tion Rate 
Barre l s  Per Day 

Between 2 0  and 
Between 1 2  and 

Number of We l l s  Wi th Indicated 
Production Rate 

4 , 0 0 0 - 6 , 0 0 0  6 , 0 0 0 - 8 , 0 0 0  
Feet Deep Feet Deep 

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

Ratio 1 2 - 2 0/2 0 -3 6 1 . 0 3 0 . 9 0 

More Than 
8 , 0 0 0  Feet Deep 

6 , 7 8 0  
6 , 3 9 0  

0 . 9 4 

I f  1 2 - 2 0  barre l per day wel l s  were less  economical at greater 
depths , one would expect the ratio o f  1 2 - 2 0  wel l s  to 2 0 - 3 6 wel l s  
to decline steadi ly wi th increas ing depth . The fact that i t does  
not  supports the assumption that rec lass i fic ation of  deep on
shore we l l s  producing 1 0 - 2 0  barrel s  per day to s tripper would 
have a neg ligible e f fect on produc tion . 

C .  Offshore Wel l s  Producing Forty Barre l s  per Day or Le s s  

O f f  shore we l l s  are much more expens ive to operate than are 
onshore we l l s . So the analys i s of the preceding section cannot 
be extrapo lated to off shore wel l s . Low-production rate off shore 
we l l s  can occur in three Petroleum Supply Regions : 1 ( Cook Inlet ) , 

8 $ 1 2  per barrel x 2/3 gross  prof it x ( 1  - 0 . 5  income tax 
rate ) x 1 0  barre l s  per day x 3 6 5  days per year = $ 1 4 , 6 0 0  in the 
first  year ; $ 1 4 , 6 0 0  x . 9  - $ 1 3 , 1 4 0  in the second year , e tc . 

9From the previous footnote , operating cost  i s about $ 4 per 
barre l ( 1/3 of  $ 1 2 ) . Current lower tier pr ice i s about $ 5 per 
barre l .  
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2A (o f f  the Pac i f ic Cost ) and 6A (o f f  the Gul f  Coa st ) . S ince 
any e ffects in Reg ions  1 and 2A of  changed stripper rules 
would be sma l l  compared to the effects in Region 6A,  the analys is 
was restr icted to 6A .  

The analys i s i s based on two data s ources : 

1 .  A summary ( performed on August 1 ,  1 9 7 6 ) o f  U . S . 
Geological Survey data on all  we l l s  in the outer 
continental she lf  of  the Gul f , and 

2 .  Lewin and As soc iate s , I nc . , E conomi c Limit s  o f  OCS 
Production We l l s ,  FEA Contract No . C0- 0 3 - 5 0 2 2 2 - 0 0 0 ,  
Apri l 1 9 7 6 . 

The latter work ha s been cri tici zed as  being s impl i stic .  
However , its  overall  conc lusion s appear reasonable and adequate 
for the screening analys i s performed here . Also , it i s the 
only known immediately avai lable estimate . 

The pertinent par ts o f  the Geological Survey data are 
reproduced here : 

MP R ( Maximum Production 
Rate Per Wel l ) in 1 9 7 5  

Barre l s  Per Day 

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

1 0 0 - 1 2 9  
1 3 0 - 1 5 9 

Cumulative MPR 
Barre l s  Per Day 

9 1  
7 6 3  

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

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

According to the Lewin Report ,  the economic produc tion 
l imi t at a 

"
real " ( 1 9 7 5 ) price of  $ 5 . 2 5 per  barrel  i s 45  barrel s  

per d a y  per we l l ;  and a t  $ 1 1 . 2 8 per barrel , the limi t i s 2 0  
barre l s  per day per we l l . Ratioina ( by gro s s  revenue ) to the 
free marke t pr ice  of $ 1 3  per barre l ,  the economi c limit would 
be 17 barre l s  per day per we ll . There fore , releas ing we l l s  
that produce up to 4 0  barrel s per day to the free marke t 
price would have the effect of maintain ing produc tion from 
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we l l s  in the 1 7 - 4 0  barre l per day range . The se  we l l s  wou ld 
shut down at  lower tier  price s .  At the average lower tier  rea l  
price for S tage I I  options o f  $ 4 . 5 0 per barre l , the economic 
l imi t would be 5 2  barr e l s  per day . I t  i s as sumed that the se we l l s  ( 4 0 - 5 2  bar re l s  per day ) wi l l  continue production t o  obtain the 
substantia l  pri ce increases  when the we l l s  dep lete to 4 0  barre l s  
per day . When a lower tier we l l  reache s i ts economic breakeven 
point  of 5 2  barre l s  per day i t would normal ly shut down . But , i f the producer foresees  a period o f  high pro fi tabi l ity begin
ning two or three years later (when output has dec lined to 4 0  
barrel s  per day ) , he wi l l  keep hi s wel l  o n  s tream despi te the 
period of interim losse s . The Geo logical  Survey data are 
used to predic t  production rate for the se  wel l s . 

Two factors must be considered to tran s late 1 9 7 9  produc tion 
rate to 1 9 7 5 MPR .  F irst , the ratio o f  produc tion to MPR i s 
assumed to be 0 . 7 . S econd , produc tion from o f f shore we l l s  
dep letes at  a rate o f  about 1 5  percent per year . 1 0  Hence , the 
1 9 7 5 MPR equivalent to 1 9 7 9  production o f  1 7  barrels  per day i s :  

1 7  
( 0 . 8 5 ) 4 x 0 . 7  

= 4 7  barre l s  per day 

Also , the 1 9 7 5  MPR equivalent to a 1 9 7 9 production of 5 2  barre l s  
per day i s 1 4 3  barre l s  per day . From the table  previously shown , 
the cumulative MPR between 4 7  and 1 4 3  barrel s  per day i s ( 7 8 , 0 0 0  - 9 , 0 0 0  = ) 6 9 , 0 0 0  barre l s  �er day . The equivalent  1 9 7 9 
production i s ( 6 9 , 0 0 0  x 0 . 7 x 0 . 8 5 = ) 2 5 , 0 0 0  barr e l s  per day . 
There fore , i t was as sumed that rec lassi f ication o f  o f fshore 
lower tier wel l s  to stripper would increase 1 9 7 9  U . S .  production 
by about 2 5 , 0 0 0  barrels  per day . 

I t  mus t  be noted that , i f the Lewin e s timates were accurate , 
there would have been no we l l s  in 1 9 7 5 producing less  than 5 2  
barre l s  per day (MPR o f  7 4 ) . I n  fact , about ( 2 4 , 0 0 0  x 0 . 7 = ) 
1 7 , 0 0 0  barre l s  per day were produced from we l l s  sma l l er than 
thi s supposedly cri tical  si ze . By 1 9 7 9 ,  the se  we l l s  wi l l  be 
producing something less  than ( 1 7 , 0 0 0  x 0 . 8 5 4 = ) 9 , 0 0 0  barre l s  
per day . Consequently i t could b e  argued that the effect  of 
rec l a s si f ication i s more l ikely to be less  tha n 2 0 , 0 0 0  barre l s  
per day than the 2 5 , 0 0 0  barrel s  per day estimated above . 

1 0vin taged P roduction table s for Region 6A f rom P IES run 
OBAU 1 2 1 2 . A samp l e  of the se tab l e s  is shown and di scussed in 
Appendix F .  
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APPENDIX F 

DERIVATION OF S UPPLY CURVES 

E s timates o f  the e f fect o f  pri ce on production were derived 
from '' supply curve s " for each type of production . The deriva
tion o f  the se curves for each region i s described herein for 
primary p lus  secondary product ion and for terti ary produc tion . 

A .  Primary P lus  Secondary Production 

Price/vo lume data for primary and secondary production 
from exi s ting ( dri l led be fore 1 9 7 5 ) and new ( dri l led a fter 1 9 7 4 ) 
wel l s  in each producing region were deve loped for use in the 
Pro j ect Independence Evaluation Sys tem ( PIES ) . Each o f  the se  
data i s a point on  the supply  curve for  a given region . The 
suppl y  curves for Region 8 - 9 - 1 0 wi l l  be derived to show the 
procedure . 

The PIES  price/vo lume po ints are shown in computer output 
tables  ( Tables  F-1 through F-4 ) entit led "Vin taged Production 
from Region 8 1 0L ,  Run OBAU 1 2 1 2  - 1 1/1 5/7 5 , " Type ID 4 
( exi s ting primary ) ,  5 ( exi s ting secondary ) , 1 ( new primary ) 
and 2 ( new secondary ) . These  tables  are reproduced on the 
fo l lowing pages . From the co lumn headed " 1 9 7 9 , " the fo l lowing 
suppl y  curve points can be picked : 

Price , $ ( 1 9 7 5 ) 
Table  I . D .  Per Barre l 

0 . 5 6 
0 . 6 0 
3 . 5 3 
8 . 1 8 
8 . 2 5 
8 . 3 0 8 . 5 8 

Production In 
1 9 7 9 , Thousand 

Barrel s  Per Day 
Increment Cumulative 

5 4  
15  

1 1 4  
1 2  
1 2  
1 3  
1 6  

3 4  
4 9  

1 6 3  
1 7 5 
1 8 7  
2 0 0  
2 1 6  

S ince the lowest  price cons idered in thi s work i s $ 4 . 1 9 
( 1 9 7 5 do l lars ) per barre l ( in Case  I I C ) , at least  1 6 3 , 0 0 0  
barrels  per day o f  production wi l l  be achieved in every case 
and only the higher-priced porti on of the curve need be con
s idered when determining the e f fects of price changes . Thi s 
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Y EAH 
P ROVED $ I B 

1 9 7 5  8 . 1 0 

1 9 7 6  8 . 2 5 

1 9 7 7  8 . 3 0 

1 9 7 8  8 . 5 8 

1 9 7 9  8 . 8 0 

1 9 8 0  9 . 6 4 ITj 
1 9 8 1  9 . 9 1 I IV 1 9 8 2  1 0 . 2 0  

1 9 8 3  1 0 . 4 9  

1 9 8 4  1 0 . 8 4  

1 9 8 5  1 1 . 5 3  

-----···----

'rABLE F- 1 

V INTAGED PRODUCTI ON FROM REG ION NO . 8 1 0 L  - TYPE I D : 1 

( RUN : OBAU 1 2 1 2 1 1 / 1 5 / 7 5 )  

YEAR P RODUCED : MB/D 
1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2  1 9 8 3  

0 1 8  1 5  1 3  1 2  1 0  9 8 7 

0 0 1 6  1 4  1 2  1 1  9 8 7 

0 0 0 1 5  1 3  1 1  1 0  9 8 

0 0 0 0 1 6  1 4  1 2  11 9 

0 0 0 0 0 1 9  1 6  1 4  1 2  

0 0 0 0 0 0 2 1  1 8  1 6  

0 0 0 0 0 0 0 2 3  2 0  

0 0 0 0 0 0 0 0 2 4  

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

1 9 8 4  1 9 8 5  

6 5 

6 5 

7 6 

8 7 

1 1  9 

1 4  1 2  

1 7  1 5  

2 1  1 9  

2 7  2 3  

0 2 9  

0 0 



Y EI\ R  
P ROVED 

1 9 7 5  
1 9 7 6  
1 9 7 7  
1 9 7 8  

1-"Ij 1 9 7 9  
I 1 9 8 0  w 

1 9 8 1  
1 9 8 2  
1 9 8 3  
1 9 8 4  
1 9 8 5  

TABLE F-2  

VINTAGED P RODUCTI ON FROM REGION NO . 8 1 0L  - TYPE I D : 2 
( RUN : OBAU 1 2 1 2  - 1 1/1 5/7 5 )  

YEAR P RODUCED : MB/D 

$ I B 1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2  1 9 8 3  

o . o 0 0 0 0 0 0 0 0 0 
o . o  0 0 0 0 0 0 0 0 0 
o . o  0 0 0 0 0 0 0 0 0 
0 . 0  0 0 0 0 0 0 0 0 0 
o . o  0 0 0 0 0 0 0 0 0 
8 . 1 8 0 0 0 0 0 0 5 5 4 
8 . 2 5 0 0 0 0 0 0 0 5 4 
U . 3 0 0 0 0 0 0 0 0 0 5 
8 . 5 8 0 0 0 0 0 0 0 0 0 
a . s o 0 0 0 0 0 0 0 0 0 
9 . 6 4 0 0 0 0 0 0 0 0 0 

1 9 8 .1  1 9 8 5  

0 0 
0 0 
0 0 
0 0 
0 0 
4 3 
4 3 
4 4 
5 4 
0 6 
0 0 



YEAR 
Pl{OVED $ I B 
1 9 7 5  3 . 5 3 

1 9 7 6  o . o  

1 9 7 7  o . o  

1 9 7 8  o . o 

1 9 7 9  o . o 
"1 I 1 9 8 0  o . o  
""" 

1 9 8 1  o . o  

1 9 8 2  0 . 0 

1 9 8 3  0 . 0 

1 9 8 4  o . o  

1 9 8 5  0 . 0  

TABLE F- 3 

VINTAGED P RODUCTION FROM REG I ON NO . 8 1 0L - TYPE I D : 4 

( RUN : OBAU 1 2 1 2  - 1 1 / 1 5 /7 5 )  

YEAR PRODUCED : MB/D 
1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2  1 9 8 3  

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

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 

1 9 8 4  1 9 8 5  

5 7  4 9  

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 



YEAR 
PROVED 
1 9 7 5  

1 9 7 6  

1 9 7 7  

1 9 7 8  

'"Ij 1 9 7 9  

I 
1 9 8 0  lJ1 
1 9 8 1 

1 9 8 2  

1 9 8 3  

1 9 8 4  

1 9 8 5  

TABLE F- 4 

VINTAGED P RODUCTION FROM REG I ON NO . 8 1 0L - TYPE I D : 5 

{ RUN : OBAU 1 2 1 2  - 1 1/ 1 5 / 7 5 } 

YEAR PRODUCED : MB/D 
$ I B 1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  1 9 7 9  1 9 8 0  1 9 8 1  1 9 8 2  1 9 8 3  

0 . 5 6 0 1 5  1 3  1 1  1 0  9 7 6 6 

0 . 5 6 0 0 1 5  1 3  1 1  1 0  9 7 6 

0 . 5 6 0 0 0 1 5  1 3  1 1  1 0  9 7 

0 . 6 0 0 0 0 0 l !i  1 3  1 1  1 0  9 

0 . 6 1 0 0 0 0 0 1 5  1 3  1 1  1 0  

1 .  6 1  0 0 0 0 0 0 1 4  1 2  1 0  

1 .  6 2  0 0 0 0 0 0 0 1 4  1 2  

1 .  6 2  0 0 0 0 0 0 0 0 1 4  

1 .  6 2  0 0 0 0 0 0 0 0 0 

1 .  6 3  0 0 0 0 0 0 0 0 0 

2 . 6 5 0 0 0 0 0 0 0 0 0 

1 9 8 4  1 9 8 5  

5 4 

6 5 

6 6 

7 6 

9 7 

9 8 

1 0  9 

1 2  1 0  

1 4  1 2  

0 1 4  

0 0 



higher-priced portion o f  the supply curve i s p lotted in Figure 
I I I - 2  a long with the high-pr iced segments of the primary plus  
secondary supply curves for  the other regions . 

B .  Tertiary Production 

Supply curve s for tertiary produc tion ( a l ternative ly known 
a s  " enhanced oi l recovery , " or  " EOR" ) were derived from " The 
Potentia l  and Economic s  o f  Enhanced Oi l Recovery , " Lewin and 
A s sociate s , Inc . , FEA Contract C0- 03 - 5 0 2 2 2 - 0 0 0 ,  Apr i l 1 9 7 6 . 

On pages  4 - 1 4 to 4 - 1 9  o f  the Lewin report , the fol lowing 
supply curve points are pre sented for 1 9 7 9  EOR in the three 
s tate s  of Texas , Cal ifornia and Loui s iana : 

Price Federa l Production , $ ( 1 9 7 5 ) per Non-Price Thousand 
Barr e l  Input Barre l s  per Day 

5 . 2 5 .Moderate 3 0 2  
1 1 . 2 8 Moderate 4 0 6 
1 1 . 2 8 High 5 2 6  

The f ir s t  two points were as sumed to de scribe the underlying 
price/vo lume relationship for EOR . The last point wa s uti l i zed 
only in the evaluation of pric ing s tage I I IB ( total  production 
from tertiary pro j ects gets free market price ) . 

No d i saggregations o f  state s , or o f  me thods by s tate , are 
shown for 1 9 7 9  in the report ( nor ,  according to the Pro j ect 
Director , are they avai lable in Lewin

'
s fi les ) . So it was 

nece s sary to deve lop reasonable  estimate s from other data in 
the Lewin report . The derivation o f  the e s timate s for Reg ion 2 
for an $ 1 1 . 2 8 per barrel  real  price wi l l  be deve loped to show 
the procedure used . 

Al l EOR production in Reg ion 2 wi l l  occur in Cali fornia . 
The production forecast  by EOR method in 1 9 7 9  i s  not known , but 
1 9 8 0 production i s s hown on Lewin page 3 - 1 3  ( for an $ 11 . 2 8 price 
and high Federal  input ) . Lacking o ther data , the relative 
proportions in thi s table were used to di saggregate by method 
in 1 9 7 9  tota l EOR production . 

F - 6  



Production , Thousand Barrels  Per Day 
4 0 6 

EOR Me thod 1 9 8 0 ( Lewin 3 - 1 3 ) x 7 0 0  = 1 9 7 9 @ $ 1 1. 2 8 

Steam dr ive 3 0 0  1 7 4  
In-si tu combus tion 1 0 0  5 8 
Mi sc ible  f lood 3 0 0  1 7 4  

7 0 0  4 0 6 

The Lewin tables  ci ted above inc lude an e s timate o f  1 7 4 
thousand barre l s  per day EOR produc tion in Ca l i fornia/Texas/ 
Loui s iana in 1 9 7 5 . But a detai led survey by the O i l and Ga s 
Journall indi cates that actual production was about 2 6 0  thousand 
barre l s  per day . It was dec ided to adj ust  the Lewin 1 9 7 9 supply 
curve points  to account for thi s di f ference . S ince the di f ference 
i s due to a speeding up of pro j ect development ,  rather than an 
increase in reserve s , the di f ference should become sma l ler over 
time . A decay rate of 1 0  percent per year wa s e s timated . Thus , 
the 1 9 7 9 Lewin quanti tie s  were each increased by [ ( 2 6 0 - 1 7 4 ) x 
0 . 9 4 = ] 5 6  thousand barrel s  per day to : 

P r ice 

5 . 2 5 
1 1 .  2 8 
1 1 . 2 8 

Input 

Moderate 
Moderate 

High 

Production 

3 6 0 
4 6 0  
5 8 0 

Di saggregating the 5 6  thousand barrel per day di f ference 
in proportion to known production for each method in 1 9 7 4  yields  
the fol lowing e s timate o f  1 9 7 9  EOR  production : 

1oi l and Gas Journal  (Apri l 5 ,  1 9 7 6 ) , pp . 1 0 7 f f . 
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Method 

S t.earn 
In-s itu 
Mi sc ible  

Production , Thousand 
Barre l s  per Day 

Lewin Adj ustment Revi sed 

1 7 4  
5 8  

1 7 4  

4 0 6  

3 6  
2 

1 6  

5 4  

2 1 0 
6 0 

1 9 0  

4 6 0 

Pages 4 - 4  to 4 - 6  in the Lewin report show the relationship 
between EOR res erves and pr ice : 

EOR Method 

Stearn 
In-s i tu 
Mi sc ible  

Cumulative Reserves at  $ 1 1 . 2 8 per Barre l Real Pr ice ( B i l l ion Barrel s )  

Cal i fornia 

1 2 . 2  
0 . 8 
1 . 2  

Texas 

0 . 3  

8 . 9  

Loui s iana 

0 . 6  
0 . 4  

'I'otal 

1 2 . 5  
1 . 4  

1 0 . 5  

Allocating the known total production by each method to 
Region 2 ( Cal i fo rnia ) on the basi s o f  that state

'
s fraction of  

total res erves and rounding : 

EOR Method 

Stearn 
In-s i tu 
Mi scible 

Total 

1 9 7 9  Production at $ 1 1 . 2 8 
per Barrel Real Price 

and Moderate Federa l Input ( Thous and Barrel s  per Day ) 

Region 2 Texas and Loui s i ana 

2 1 0 
3 0  
2 0  

2 6 0 

F- 8 

3 0  
1 7 0  

2 0 0  

Total 

2 1 0  
6 0 

1 9 0  

4 6 0 



The same method was used to derive the region/method 
product ion points for a real pr ice  of $ 5 . 2 5 per barrel . 

The real price o f  lower tier production in the Base  
Case and I IC cases  is $ 4 . 1 9 per barre l . So $ 4 . 0 0 per 
barre l region/production points were a l so required for the 
analys is .  Exhibits  4 - 3 and 4 - 3 in the Lewin study show tha t 
no tertiary production wi l l  occur in Texa s or Loui s iana at 
a $ 4 . 0 0 real price  ( except for that which was in operation in 
1 9 7 4 ) . But Exhibit 4 - 1  shows that Cali fornia ( Region 2 )  
steam-enhanced reserve s at $ 4 . 0 0 per barre l are about 8 0 
percent of  reserve s at $ 5 . 2 5 per barrel . So , Region 2 stearn
enhanced product ion in 1 9 7 9 at $ 4 . 0 0 per barre l was e s timated 
to be 1 6 0  thousand barre ls  per day , which i s 8 0 percent o f  
the $ 5 . 2 5  p e r  barrel production e s timate . 
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APPENDI X  G 

OPTION- INDEPENDENT PRODUCTION AND LOWER TIER PRODUCT ION 

Appendi x F supply curves were developed for those  parts 
of 1 9 7 9 produc tion that wi ll  be af fected by price . It i s 
the purpo se  of  thi s appendi x to explain the source o f  the 
vo lume estimates for the parts of 1 9 7 9 production that wi l l  
n o t  b e  a ffected by the pricing options s tudied herein .  

The lowe s t  price s tudied -- in " real " 1 9 7 5 do l lar s 
i s $ 4 . 1 9 per barre l . Thi s price occurs when lower tier prices 
are he ld at cons tant nominal value s , as  in the Base Case and 
all  s tage I IC cases . The lowe s t  upper tier real price is $ 7 . 2 5 per barrel .  This occurs unique ly in the Bas e Case . 
So , any production costing less  than the se  pr ices  wi l l  be 
unaffected by pric ing options . ( Some Region 2 terti ary produc
t ion costs le s s  than $ 4 . 1 9 per barre l . For convenience , thi s 
production was handled along with the rest  o f  tertiary produc 
tion as described in Appendix F ) . 

A .  Total Option- Independent Produc tion Volume s 

There are four parts of  1 9 7 9 production that wi l l  be the 
same for all  pri cing options s tudied he rein :  

1 .  We lls  c lass i fied as  s trippers under the current 
de fin it ion . These  wel l s  face the same pr ice ( free 
market ) in all  options , inc lud ing the Base Case . 

2 .  Non-stripper primary and secondary production 
costing less  than $ 4 . 1 9 ( real pr ice ) per barre l . 
Thi s inc ludes all  production shown in PIES  Vintaged 
Production tables  for pre- 1 9 7 6 wel l s  ( Table  ID 4 
and 5 ) . 

3 .  Primary and secondary production from post-1 9 7 5  
we lls  ( all  upper t ier ) costing less  than $ 7 . 2 5 
per barrel . These  volume s appear in P IES  tables  
ID 1 and 2 for  Reqions 2 ,  6A , 1 1  and l lA ,  along 
with higher cost  produc tion . 

4 .  North S lope product ion . Thi s was as sumed to be 
independent of price  over the range s tudied -
$ 7 .  25  in the Base Case and $ 1 0 . 5 0 in all other 
cases . 
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REGION 

No . S l . 
1 
2 
2A 
3 
4 
5 
6 
6A 
7 

8 - 9 - 1 0 
1 1  
l lA 

TOTAL 

TABLE G- 1 

OPTION- INDEPENDENT 1 9 7 9  PRODUCTION VOLUMES 
OTHER PRIMARY AND SECONDARY PRODUCTION ( Thousand Barrels  Per Day ) 

STRIPPER POST 
'
7 5  

PRODUCTION PRE 
'
7 6  BELOW $ 7 . 2 5  

1 2 0  
2 1 0  4 5 1  2 0 0  

9 4  
7 1 7 3 

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

5 9 5  7 5 6  
3 2 5  1 9 1  
1 5 0  1 3 

5 9  4 3 
5 0  

1 , 1 1 5  6 , 0 2 0  1 , 0 4 9  

NORTH 
SLOPE TOTAL 

1 , 4 2 0  1 , 4 2 0  
1 2 0  
8 6 1  

9 4  
1 8 0 
4 7 4  

1 , 6 5 1  
2 , 6 2 2  
1 , 3 5 1  

5 1 6  
1 6 3 
1 0 2 

5 0  

1 , 4 2 0  9 , 6 0 4  

In Case I I IC , stripper production in Region 6A become s 
2 5 , 0 0 0  barrels  per day , as  deve loped in Appendix E .  Thi s extra 
s tripper vo lume was handled exp lic i tly in the computation . 

B .  Lower Tier Primary and Secondary Production Vo lumes 

In order to compute the compos i te price  of U . S . produc tion , i t i s necessary to know the vo lume s and pri ces  of  both uppe r and 
lower tier produc tion . Lowe r ti er volumes are derived in thi s 1 section . Upper ti er vo lume in each case i s derived by di f ference . 

1upper ti er = option-dependent produc tion ( Appendi x F )  
plus option- independent production ( A .  above ) minus ( lowe r tier 
p lus North Slope ) . 
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Offi ci al FEA lower ti er  producti on volumes for the total 
Uni ted S tates for the fi rst  hal f  of 1 9 7 6  were : 

Lower Ti er 
Produc tion 

Mi l li on Barre l s  
Per Day 

February 1 9 7 6  4 . 6 0 

March 4 . 6 8 

Apri l 4 . 6 1 

May 4 . 5 6 

June 4 . 4 9 

Since producti on was dropping at the rate of  0 . 0 6 mi l li on 
barrel s  per day each month , an e s timated average value for 
1 9 7 6  of  4 . 4 6 mi l lion barre l s  per day i s assumed . 

Lower tier  production i s of  two types -- terti ary , for 
which supply curves were developed i n Appendi x F ,  and primary 
and secondary .  S ince terti ary production i s about 0 . 2 6 mi l lion 
barre ls  per day , 2 average 1 9 7 6  lower tier  primary and secondary 
produc tion i s ( 4 . 4 6 - 0 . 2 6 = )  4 . 2 0 mi l l ion barre l s  per day . 

Production class i fied as lower ti er  i s expected to 
dec l ine at a rate of about 1 0 percent per year . Thi s decline 
rate estimate is based on two cons i derati ons : 

1 .  

2 • 

In the in formation accompanjing  the FEA promulga
ti on of  new cei ling pri ces , an  " o ld '' crude oi l decline rate of  8 percent per year was estimated . 

The lower ti er dec line  rate wi l l  be larger than the 
old oi l dec line rate because of routine rede fi ni tions 
of production from lowe r  to upper ti er , and because 
of  the incentive for lower ti e r  we l l s  wi th 10 to 2 5  
barre l s  per day producti on to reduce output to be low 
1 0 barre l s  per day so as  to qua li fy for stripper 
pric ing . 

2oi l and Gas Journal  (Apri l 5 ,  1 9 7 6 ) : 1 0 7 f f . 
3 Federal Regi s ter  (March 4 ,  1 9 7 6 ) : 9 3 8 9 . 
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Hence , 1 9 7 9  lowe r ti er primary p lus secondary production 
wi l l  be [ 4 . 2 0 x ( 0 . 9 ) 3 = ]  3 . 0 7 mi l lion barre l s  per day . Total 
lower ti er  production wi l l  be 3 . 0 7 p lus terti ary production 
corre sponding to the lower ti er pri ce  in the speci fi c case 
under study . ( Because the compos i te pri ce  i s computed on a 
national base , a nati onal to tal lower tier  vo lume i s a l l  that 
i s needed . Regional lower tier  volume s are i rre levant to the 
ana lys i s . ) 

Lower ti er  primary p lus secondary vo lume in 1 9 7 9  i s 
s light ly di f ferent than 3 . 0 7 mi l l ion barrels  per day for 
pri c ing  a l ternative s I I I B and I I I D .  In  Case I I I B , the tota l 
producti on from terti ary pro j ects , i ncluding co-produced 
primary and secondary oi l ,  can be sold  at the free marke t 
price . Thi s co -produced oi l would othe rwi se be lower ti er . As 
described in Chapter I I I , a procedure was deve loped to estimate 
the vo lume of  thi s bonus oi l .  The e s timate i s that 0 . 2 5 mi l l ion 
barre l s  per day i s shi fted from lower to upper tier . So lowe r 
tier  primary and secondary vo lume in Case I I IB  i s ( 3 . 0 7 - 0 . 2 5 = )  
2 . 8 2 mi l lion barre l s  per day . 

In  Case I I I D ,  the s i ze  o f  the gravi ty di f ferenti al  in 
Cal i forni a i s reduced . It  was e s timated that thi s change would 
cause Ca l i forni a production to be 0 . 0 2 mi l li on barre ls  per day 
greater than i t  would be i f the current gravi ty di f feren ti a l  
remained in e f fect . Thi s add i tional producti on wi l l  mos t  
l ikely b e  from o l d  lower ti er we l l s  that con ti nue i n ope ration 
instead of shutting down . So lower tier  vo lume in thi s case  i s 
( 3 . 0 7 + 0 . 0 2 = )  3 . 0 9 mi l l ion barre l s  per day . 
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APPENDIX  H 

IMPACT OF PRICE CONTROLS ON AVERAGE REVENUE 
OF TYPICAL PRODUCTION P ROJECTS 

The background for thi s analysi s i s given i n the In tro
duc tion to Chapter I I I . The impact o f  2 years o f  pri ce control s  
wi l l  be computed for two example  £rej ects . A di s count rate 
o f  8 percent per year i s as sumed . 

Proj ect 1 .  Twenty-year li fe wi th producti on dec lining at 
1 0  percent per year . 

Case A :  Per-barre l revenue i s $ 1 2 . 5 0 ( free market real 
pri ce ) for all 20  years . 

Conti nuous Di s counted 
Year Production Pri ce Di s count Factor Revenue 

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

1 9  2 2 . 2  0 . 2 4 0 9  6 7  
2 0  2 0 . 5  0 . 2 2 3 0  5 7  

TOTAL 7 , 7 9 2  

Case B :  Per-barre l revenue i s $ 7 . 2 5 ( Base Case  upper ti er 
pri ce ) for 2 years , and $ 1 2 , 5 0 thereafter . 

Year 

1 
2 
3 
4 

Production 

1 0 0 . 0  
9 2 . 0  
8 4 . 6  

Price 

7 . 2 5 
7 . 2 5 

1 2 . 5 0 

Continuous 
Di s count Factor 

0 . 9 6 2 5  
0 . 8 9 1 2 
0 . 8 2 5 2 

identical  to Case A .  

TOTAL 

Di s counted 
Revenue 

6 9 8  
5 9 4  
8 7 3  

6 , 8 5 6  

� The value i s  appropri ate for e s tima ting the long-run cost 
of equi ty cap i ta l  in  the Uni ted S tates . See Fortune ( Decerober 
1 9 7 4 ) : 1 0 0 .  
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The " e f fective " price , i . e . , the wei ghted average di scounted 
pri ce , in Case B can now be computed : 

6 , 8 5 6  
$ 1 2 . 5 0 x = $ 1 1 . 0 0 per barre l 

7 , 7 9 2  

Proj ect 2 .  S ix-year li fe wi th cons tant produc tion . 

Case A :  Per-barre l revenue i s $ 1 2 . 5 0 for a l l  6 years . 

Year 

1 
2 
3 

6 

Production Pri ce 

1 0 0  1 2 . 5 0 

Con tinuous 
Di s count Fac tor 

0 . 9 6 2 5  
0 . 8 9 1 2 
0 . 8 2 5 2  

0 . 6 5 5 0  

'rOTAL 

Di scounted 
Revenue 

1 , 2 0 3  
1 , 1 1 4  
1 , 0 3 2  

8 1 9  

6 , 0 0 7  

Case B :  Per-barre l revenue i s $ 4 . 2 0 ( lower tier real  pri ce ) 
for 2 years , and $ 1 2 . 5 0 therea fter . 

Con tinuous Di scounted 
Year Production Pri ce Di scount Fac tor Revenue 

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

identi cal  to Case A .  

TOTAL 4 , 4 6 8  

The " e ffective " price i n Case B can now be computed : 

4 , 4 6 8  
$ 1 2 . 5 0 x = $ 9 . 3 0 per barre l . 

6 , 0 0 7  
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APPENDI X  J 

DESCRIPTION OF THE ENV I RONMENT AFFECTED 

The propo s ed o i l  pric ing po l ic i e s  w i l l  have e nvironmental 
imp l ications for areas loca ted over much of the Uni ted S tate s . 
The r e fore , the s e tting for potential environmenta l e f fe c ts 
spans the entire c ountry . The approach taken to d e s c r ibe the 
e x i s t ing environment focu s e s  on tho s e  characte r i s tics which 
will  a f f ec t the nature and degree o f  impact resul ting from 
the propo sed action , such a s  s e i smic r i s k  or wind patterns , 
and tho s e  feature s  which wi l l  be impac ted , such as a i r  qua l i ty , 
o r  water qua l i ty . A b r i e f  overview o f  the environment at the 
nationa l  and D emand Reg ion leve l s  i s  provided f i r s t  to de scr ibe 
genera l phy s i ca l ,  b i o l o g ic a l , and socioeconomi c  fe atur e s  and 
trend s  acro s s  the United State s . Then tho s e  sec tions o f  the 
country expec ted to be mo s t  a f fe c ted by the pric ing chang e s , 
n amely , o f f s hore and areas where tertiary recovery me thods 
wi l l  be app l ied , are discus sed in g reater deta i l . The s e  
areas inc lude two coastal locations ( Gu l f  o f  Mexico and Ca l i 
fornia ) and inl and areas in Texa s , Southern C a l i fornia , Lou i s iana , 
Wyoming , and Okl ahoma . Tho s e  areas no t a f fec ted by the pric ing 
po l i c i e s  ( notab ly Alaska ) are not d e s c r ibed . 

A .  National and Regional Overv i ew 

1 .  Air Qua l i ty 

A s e r i e s  o f  map s  ha s been prepared wh ich d i s p lay the 
mo s t  recent data conc erned with the nation ' s  progr e s s  in 
a ttain ing the National Amb ient Air Qua l i ty S tandards ( NA_l'.\QS ) 
The f i r s t  s e r i e s  ( F i gure s J - 1  through J - 5 ) por tray tho s e  Air 
Qua l i ty Control Reyions (AQCR ) that are known to have viol ated 
the NAAQS in 1 9 7 4 . Norma l ly , there are s everal mon i to r i ng 
s tations in each AQC R .  I f  any one o f  the s e  s tations vio-
l ated a NAAQS for any o f  the averag ing periods , then the 
entire region wa s de termined to be in vio lation . It should 
be noted that the s e  f igur e s  are concerned with vio lations of 
the primary s tandards only , with no comI'Qents regarding the 
sec ondary s tand ards , or any local or s tate air qua l i ty s t andard s .  

1
u . s .  Environmenta l Protection Agency , Mon i tor i�g anC. Air 

Qua l i ty Trends Report , 1 9 7 4 , EPA Repor t  4 5 0 / 1 - 7 6 - 0 0 1 ,  
February 1 9 7 6 .  
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p ar ticulate s tandard s .  

F i gure J- 1 .  D i s tr ibution o f  AQCR ' s  in the United S tates that were in 
vio l ation o f  nationa l par t i culate standards in 1 9 7 4 . 
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v i o l ation o f  nat iona l s ul fur d ioxide standards in 1 9 7 4 . 
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� AQCR d i s t r ibution in vi o l a t io n  o f  
carbon monoxide standards . 

F igure J- 3 .  D i s tribution o f  AQCR ' s  in the 
violat ion o f  nation a l  carbon monox ide standards 

Un i t ed S tates 
in  1 9 7 4 . 

that were in  
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AQCR d i s tr ibution in v i o l a t io n  

nitro ge n  d iox ide s t andard s . 

F i g u re J- 4 . D i s t ribut ion o f  AQCR ' s  in the Un i ted S tates  that were in 
violat ion of national  ni trogen diox ide s tandards in 1 9 7 4 . 
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o x i da n t  s t a nd a rd s . 

F i g ur e  J- 5 .  D i s t r i b u t ion o f  AQC R ' s  i n  

v i o l a t ion o f  n a t i on a l  o x i d a n t  s t an d a r d s  i n  

t h e  Un i t ed S t a t e s  

1 9 7 4 . 
th a t  w e r e  i n  



There are many i n s tanc e s  where an AQCR has not been 
p laced i n  v i o lation when , in f ac t ,  i t  is quite po s s i b l e  that 
it wa s . T h i s  is the r e s u l t  of two factor s : incomp l e te 
mon i tor coverag e , and incomp lete data retrieva l from tho s e  
mon i to r s  repor ting . The re fore , the s e  map s  should b e  i nter
preted a s  s howing r eg ions o f  known v i o l a ti on s , r ather than a 
d i s p l ay o f  reg ions that are in NAAQS comp l i ance . 

Reg ions in vio l ation o f  the n i trog en d ioxide s tandards are 
par ticu lar ly few in number ; however , thi s may be in s ome 
r es pect an outcome o f  the unc erta inty surrounding the prob l em 
o f  e s ta b l i s h i ng a new r e f er ence method for measur i ng n i trogen 
dioxide . The areal extent of oxidant , c arbon mono x ide , and 
s u lfur d ioxide vio lations are a l l  of the s ame magni tude . 

S imi lar data for 1 9 7 5  s ti l l  rema i n  incomp lete , but 
v i o l ation e s t ima t e s  had been made by the EPA in November o f  
1 9 7 5 . 2 The sugge s te d  s tatus o f  the nation ' s  AQCR ' s  for 
particulate s , s u l fur dioxide , and n i trogen dioxide are d i s 
p layed i n  Figures J- 6 through J - 8 . Ag ain , the mos t  perva s ive 
pro b l em is that of par t i c u l a te matter . A f ew AQCR ' s  found 
to be in v i o lation in 1 9 7 4  have s ince e i ther improved the i r  
a i r  qua l i ty , or moved the ir mon i tor ing s i te s , s ince they are 
now apparent ly in c omp liance . The re are a l s o  a number o f  
regions whi c h  are now e s t imated to b e  i n  v i o lation that were 
previous ly in comp l i ance , o r  p o s s i b ly exp e r i enc i ng r eporting 
prob lems . S o  the s e  new " o f fender s "  may have been able to 
locate s ome new prob lem area s w i thin the i r  bounda r i e s . One 
impor tant d i f ference between the 1 9 7 4  maps and tho s e  of 1 9 7 5  
i s  that the latter were de termined by s tate and AQCR , s o  
s everal i n te r s tate AQCR ' s  a r e  characte r i z ed b y  more th an one 
comp l i ance c la s s i f ic a tion . Thi s  he lps to locate only tho s e  
porti ons o f  the l arger AQCR ' s  that expe r i ence d i f f i c u l ty . 

The e s t ima ted 1 9 7 5  s u l fur d ioxide v i o l ato r s  are s i gn i f 
i cantly f ewer in number than tho s e  i n  1 9 7 4 .  S ome o f  the 
reduc tion may be s hort- l ived , however , i f  many of the " un 
c e r ta in '' r e g i o n s  become vio l a tor s . None the l e s s , the progr e s s  
in many a r e a s  i s  impre s s ive . 

N i trogen d ioxide vio lators are apparently increa s i ng 
the i r  number . A h i g her degree o f  d i l igence i n  obtaining 
data may account for s ome o f  th i s , but i t  is gene r a l ly 
acc epted that the n i trogen dioxide prob l em is grow ing in 

2
" E s t imated S ta tus of Atta i nI'.lent of National AI'1b ient Air 

Qua l i ty S tandards by Air Qua l i ty C ontro l Reg ions in 1 9 7 5 , '' 
E nv i ronffient Reporter , February 1 3 ,  1 9 7 6 .  

J- 7 
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F i g u r e  J- 6 .  E s t im a t e d  s t a t u s  o f  a t t a i n men t  o f  n a t i on a l  amb i e n t  a i r  qu a l i ty 
s t a n d a r d s  fo r t o t a l  s u s p e n d e d  p a r t i cu l a t e s  by a i r  q u a l i ty con t r o l  r e g i o n s  i n  1 9 7 5 . 
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PREDICTED AREAS 
OF VIOLA1' ION 

STATUS UNCERTAIN 

AREAS NOT EXPECTED 
TO VIOLATE 

F i gure J- 7 .  E s t imated s tatus of attainment of n ation a l  amb i en t  a i r  qua l i ty 
stan d a rds for s o 2  by a i r  qua l i ty con trol regions in 1 9 7 5 . 
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by a i r  qua l i ty con t rol  region s  

o f  n at iona l amb i ent a i r  qua l i ty 
in  1 9 7 5 .  



the coun try . Note that none o f  the four areas d e s ignated in 
1 9 7 4  have been able to attain comp l iance i n  1 9 7 5 . No com
p l iance e s timates are ava i l ab l e  for the other two po l lutants . 

De s ignated Air Qua l i ty Mainte nance Areas ( AQMA )  provide 
ano ther me a sure of what are thought to be area s  of pre sent 
and future air qua l i ty probl ems . The s e  regions are typ i c a l ly 
c l u s te r s  o f  seve ra l  counti e s  that are e i ther current ly 
vio lating the NAAQ S , o r  are thought to be potenti a l  vio lators 
due to pro j ected deve lopment trends . The i r  l imited geogra
phi c a l  extent is helpful in determining which s e c tions o f  a 
rather l arge AQCR are actual ly contaminate d . F igur e s  J - 9  
through J- 1 3  s how the AQMA ' s  which have been de s ignated a s  
problem areas for particulate matte r , s u l fur dioxide , n i trogen 
dioxide , photochemi cal oxidan ts , and carbon monoxide . Once 
again , particulates are a s s oc i ated with mo s t  of the AQMA ' s ,  
with sul fur dioxide , oxidant s , and c arbon monoxide accounting 
for a cons iderably sma l le r  number . N itrogen d ioxide AQMA ' s  
n umber f ive , with four corre sponding to the AQC R ' s  violating 
the s tandards i n  1 9 7 5 , and three corr e s ponding to tho s e  for 
1 9 7 4 . 

Area s  that are currently vio l ating the NAAQS ' s  are 
regions that are s e n s i t ive to further pol l utant load ing . 
This , however ,  doe s  not imp ly that area s  with minor a i r  
qua l i ty prob lems a r e  f r e e  t o  a c c e p t  further emi s s ions unt i l  
the nationa l pr imary s tandards are approached . The non
s igni f ic an t  deteriorat ion po l ic y  places  l imits on the incre
mental amount o f  degradation that i s  cons idered a cceptab le . 

The EPA has s e t  up a s y s tem o f  c la s s i fic ation according 
to a l lowab le air qua l i ty degradation cons i s ting o f  three 
tiers . I n i t i a l l y , a l l  areas of the country are p laced in 
the C la s s  II category , with further change s to e i ther C l a s s  
I o r  C l a s s  I I I  made po s s ib le through s tate action after a 
oub l ic hearing . The de s criptions o f  the three categories 

are as follows ; 

• Clas s I - App l i e s  to areas in which prac t i c a l ly 
any air qua l i ty deter ioration would be con s idered 
s igni fi cant , thus a l lowing l it t l e  or no ma j or 
energy o r  indus tria l  deve lopment . 

J - 1 1  
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Fi gure J- 9 .  Des i gnated Air  Qua l i ty Ma i n tenance Areas based on 
curren t and expected leve l s  of suspended particulate mat ter . 
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� S U LF U R  D I O X I DE AQMJ\ ' s 

F i gure J- 1 0 .  Des i gn ated A i r  Qua l i ty Ma intenance Areas based on 
c u r rent and expected leve l s  o f  s u l fu r  d i ox i de . 
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� CARDON MONOX I DE AQMJl ' s  

F igure J- 1 1 . Des i gnated Air  Qua l i ty Maintenance Areas based on 
curren t and expected leve l s  of ca rbon monoxide . 
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F i gure J - 1 2 .  Des ignated Air Qual i ty Ma intenance Areas  based on 
c urrent and expected leve l s  of photochemic a l  oxidants .  
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F i g u r e  J- 1 3 .  De s i gnated Ai r Qua l i ty Ma intenance Areas based on 
c u r ren t anci e xpected l eve l s  of n i t rogen d iox i de . 
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• C l a s s  I I  - App l i e s  to areas in wh ich deterioration 
tha t would norma l ly accompany moderate , we l l 
c ontro l l ed growth would not be cons idered s i gn i f icant . 

0 C l a s s  I I I  - App l i e s  to areas in whi ch deterioration 
wou ld be permi tted to a l low conc entra ted or very 
l arge - s c a l e  energy or indu s t r i a l  devel opment , as  
long a s  the nationa l s econdary ambient air qua l i ty 
s tandard s are not exc eeded . 

Tab le J-1 li sts thos e  lands des i gnated a s  C la s s  I 
in the curren t regul ations . The numerical l imits to the 
al lowed de terioration for the three c l as s e s  are pre s ented 
in Tab l e  J- 2 .  EPA regula tions consider the po l i cy to app l y  
only to su spended particulate matter and sul fur dioxide . 

Re s tr ic t ions impo sed by the C l a s s  I de s i gnation are 
c l early s evere for activities  within the ir boundar i e s , but 
activities  outside of the C l a s s  I regions may a l s o  be a f f e c ted . 
No t only mu s t  the incremental degradation o f  air qua l i ty in 
a C l a s s  II  or I I I  region conform to i ts own spec i f ie d  leve l s , 
but the d i s tant downwind e f fe c t  o f  the s e  operations on 
nearby C l a s s  I ar e a s  mus t  be cons idered as we l l . 

The regional ana ly s i s  to fol low divided the country 
into 1 0  D emand Reg i ons . The rel a tionship between the s e  
reg ions and the Air Qua l i ty Con tro l Re gions i s  i l lus tra ted 
in F i gure J- 1 4 .  

I t  i s  c l e ar from F igur e s  J - 1  and J - 6  that no Demand 
Reg ion is free o f  areas o f  high amb i ent concentra tions o f  
su spended particulates ( b a s e d  o n  data from 1 9 7 4  and 1 9 7 5 ) . 
However , Re gion 8 appear s to be the mo s t  uni formly a f f e c ted , 
f o l lowed c l o s e l y  by Reg ions 2 and 4 .  

3 u . s .  E nv i r o nme n tal Protection Agency and F ederal Energy 
Admi n i s t r a t i o n , An Ana l y s i s  o f  the Impac t o n  the E le c tr i c  
Ut i l i ty I ndus tr y o f  A l t e r n a t i v e  App r o a ch e s  t o  S i g n i f i c an t  
D e t e r i o r a t i o n , F EA/D - 7 5 / 5 8 5 , O c t o b e r  1 9 7 5 .  

J- 1 7  



TABLE J- 1 

CLASS I AREAS PREVENTION OF SIGNIFICANT 
DETERIORATION OF AIR QUALITY 

LAND CATEGORY 

International Parks 

National Wilderne s s  
Areas 

National Memorial Parks 

National Parks 

5 , 0 0 0  + ac res 

5 , 0 0 0  + acres 

6 , 0 0 0  + acres 

Source : Vol .  4 2-No . 2 1 2 , Federal Register , Page 5 7 4 7 5 , 
Nov . 3 ,  1 9 7 7 . 
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TABLE J- 2 

ALLOWABLE A I R  QUAL ITY INCREMENTS REVI SE 

3 
(pg/m ) 

CLASS I CLAS S I I  CLASS I I I  

POLLU'fANT EPA EPA 

STANDARD REGS . REGs . · 2 

Sul fur Diox ide 

Annual 2 2 0  4 0  

2 4 -hour 5 9 1  1 8 2  

3 -hour 2 5  5 1 9  7 0 0  

� 
Total I 

I-' Suspended \0 
Particula te s  

Annual 5 19 37 
2 4 -hour 10 3 7 7 5  

Source : Vo l .  4 2 -No . 2 1 2 , Federal Re gi s te r , Page 5 7 4 7 5 , Nov . 3 ,  19 7 7  



;rAB L E  J- 3 

S U MMARY OF RE Q U I REM E N TS FOR P RE V E N T I ON 
O F  S I GN I F I CANT A I R QUA L I T Y  D E T E R I ORAT I ON 

I S S UE 

S o u r c e s  C o v e r e d 

C o n t r o l  T e c h n o l o gy 
R e g u i r e m e n t s  

C l a s s  I A r e a s 

C l a s s  I I I  A r e a s  

N um e r i c L im i t a t i o n s  
f o r  C l a s s  I ,  I I , & I I I  

M a x imum A l l owed 
C o n c e n t r a t i on 

A P P ROACH 

2 8 s p e c i f i c so u r c e s  em i t t i n g  mo r e  
th an 1 0 0  t o n s / y r  o f  any r e g u l a te d  
po l l u t a n t  

O n  a c a s e - b y- c a se b a s i s , w i t h  N S P S  
a c t i ng a s  a f l o o r  t o  a n y  d e t e r io r a t i o n  

C e r t a in a r e a s  h a v e  b e e n  d e s i g n a t e d  
a s  pe r m a n e n t C l a s s  I .  O t h e r  a r e a s  
m ay o n l y  b e  d e s i g n a t ed b y  t h e  S t a t e  
a s  e i th e r  C l a s s  I o r  C l a s s  I I . 
( S e e  T a b l e  J - 1) 

P r o c e d u r e s  f o r  d e s i g n a t i o n  o f  a r e a s  
a s  C l a s s  I I I 

S e e  T a b l e  J- 2 

N a t i o n a l  Amb i e n t  A i r  Q u a l i ty 
S t a nd a r d s  ( NAAQS ) 

-------·------

Source : Federal Reg i s ter , Vol . 4 2 ,  No . 2 1 2 , 
Thur sda y ,  November 3 ,  1 9 7 7 . 

J- 2 0  
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.:' igure J - 1 4 . A i r  Qual ity Control and Demand Reg ion s . 



S u l fur d ioxide violation i s  no t near ly a s  great a 
probl em . Region 9 contains i s o la ted prob lem areas a s  doe s  
Region 8 .  In Reg ion 8 ,  however ,  the AQC R ' s  are so large 
that the s ever a l  areas containing vio lation s  probab ly take 
on undue s ig n i f i c anc e . The regions o f  greate s t  concern are 
tho s e  s outh of the Great Lake s , Reg ions 4 and 5 .  

F igure J - 3  indi cates that carbon monoxide vio lations 
tend to be highly dependent on there being s i gn i f icant urban 
activ i ty in the AQCR . Reg ion 9 apparently has the larg e s t  
perc entage o f  the Region a f f e c ted . The Gul f  Coast i s  a l so an 
area containing s P vera l v io lator s . 

N i trogen diox ide violations are recorded in h ighly 
loc a l i zed areas o f  a l l  regions except Region 1 0 . Oxidant 
violations depic ted in F i gure J - 5  ind i c a te tha t  Regions 9 ,  7 ,  
2 and 1 have a � i gni f icant number o f  prob l em AQCR ' s .  

Tab l e  J - 4  s ummar i ze s  the regional d i s tr ibution o f  AQCR 
violations out l ined above . F igure J - 1 5  shows the location o f  
a l l  AQMA ' a  a s  they re late to the Demand Reg ions . Tab l e  J - 5  
d i s p lays the number o f  AQMA ' s i n  e ach o f  the s e  regions with a 
breakdown according to e ach o f  the c r i teria po l lutants . 

Ano ther a s pe c t  o f  regiona l air qua l i ty concerns the 
potential for epi sode s of me teoro log i c a l  cond itions tha t  are 
conduc ive to a degrada tion o f  a ir qua l i ty .  F igure J - 1 6 
s hows i sople ths o f  the to ta l number o f  days dur ing a 5 -
year period when a high potent i a l  for a i r  po l lution wa s 
forec a s t . 4 The greate s t  number o f  forec a s t-days are found 
in Region 9 ,  which ranges f rom l e s s  than 1 0  in the far 
north , to ove r 7 0  in central C a l i fornia , and back to nearly 
2 0  days in the far south . 

2 .  Water S upply and U s age 

The freshwater supp ly in a region i s  dependent on rainfal l .  
As c an be s e e n  f rom F i gure J - 1 7 , the e a s tern ha l f  o f  the 
country gene ra l ly has rainf a l l  exceeding 3 0  to 4 0  inche s . F i gure 
J - 1 8  whi ch charts the f lows of the ma j or river s  in the 
United S tates s hows tha t the e a s tern ha l f  o f  the country and 
the northwe s t  have the highe s t  s tream f l ows . A l though there 

4 G . C .  Ho l zworth , 0ix ing He ight s , Wind Speeds , and Poten tial 
for Urban Air P o l lution Throughout the Contiguous Uni ted S ta te s , 
EPA O f f i c e  o f  Air P rograms , Pub l i cation No . AP - 1 0 1 ,  January 1 9 7 2 .  

J- 2 2  



TABLE J - 4  

SUMMARY OF DEGREE OF REGIONAL AQCR VIOLATIONS 

DEMAND REGION 
l 2 3 4 5 6 7 8 9 1 0  

PM : s M s M M M M M M s 

so 2 L s s M s L L s L N 

co s s L s L L s s M M 

y N0 2 s L L s I L L L L L N 

N 
w Ox M M s s M s M L M N 

M :  Much o f  the region i s  made up o f  violated AQCR ' s . 
S :  Some o f  the region i s  made up o f  violated AQCR

'
s .  

L :  Little of  the region i s  made up o f  violated AQCR ' s . 
N :  None o f  the region is made up o f  violated AQCR ' s . 
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F i g ure J- 1 5 . D i s t r ibution o f  A i r  Qua l i ty Maintenance Areas in  the 
United S ta te s showing Demand Reg ion bounda r ie s . 
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TABLE J - 5 

NUMBER OF DES IGNATED AQMA ' S  IN EACH DEMAND REG I ON 
FOR EACH C R I TERIA POLLUTANT 

DEMAND REG I ON 

� 3 4 5 6 7 8 

� 7  2 3  2 1  8 1 6  I;) 2 6  

9 5 1 3  1 3 1 1 2  

1 0 1 0 1 0 1 4  

1 0 1 0 1 0 1 

5 5 6 1 2 8 8 

9 1 0  

1 3  0 

4 0 

6 0 

1 0 

1 0  0 
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Figure J- 1 6 .  I sopleths o f  tot a l  number o f  fo recas t -day s o f  high meteoro log i c a l  pote n t i a l  for a i r  

pol lut ion i n  a 5 -year pe riod . Data are based on for e c a s t s  i s sued starting Augu s t  1 ,  1 9 6 0  and October 

1 ,  1 96 3  for e a s tern and we s t e r n  par t s  o f  the Uni ted State s , re spective l y , through Apr i l  3 ,  1 9 7 0 .  
( G . C .  Hol zwor th , Mixing He ight s , Wind S peeds and Pote n t i a l  for Urban A i r  P o l lution Throughout the 

Conti guous United S t a te s , EPA O f f i c e  o f  Air Programs , Pub l i cation No . AP- 1 0 1 , January 1 9 7 2 . )  
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might be local i zed s ho r tages  because o f  high demand and lack 
o f  a convenient supp ly , the overal l water p i c ture for surface 
s upp l i e s  in the e a s te rn hal f  of the country and Northwe st i s  
good . I t  s hould be empha s i z ed that wa ter c anno t indi scrimi 
nately be drawn f rom a rive r  o r  l ake e spec i a l ly i f  the u s e  
i t  w i l l  b e  put t o  might d imin i s h  i t s  qua l i ty . 

The surface water de f icient are a s  gene r a l l y  o ccur i n  
the we s te rn hal f  o f  the country . Wi th the exception o f  the 
Northwe s t  and areas in the Rock ie s the amount o f  rain f a l l  i s  
le s s  than hal f  that i n  the E a s t . To counter the problems o f  
lack o f  convenient sur face supp l i e s  there are a number o f  
ma j or water dive r s io n  pro j ec t s  e i the r i n  ex i stenc e or 
propo sed . Mo s t  of the tran s f e r s  occur in Texas and C a l i fornia . 
The importance o f  water tran s f e r s  i s  made evident by the 
fact that one out of every five persons in the we s tern 
s tate s i s  s erved by a water supp l y  sys tem that imports from 
a source 1 0 0  mi le s o r  more away . 5 

Groundwater u s e  ( F igure IV- 8 ) a s  a pe rcentage o f  total 
water use is greate st in the we s te rn ha l f  of the country . In 
many parts of the We s t , whe re irrigation is exten s ive ly 
p racticed , i t  is gene r a l l y  more economical to o btain water 
s upp l i e s  f rom we l l s  than i t  is to cons truc t fac i l i tie s for 
importing water over l arge d i s tance s .  Groundwater use i s  
incre a s ing i n  importance . The f low from ground water i s  
o bta ined from tens o f  thou sand s  o f  we l l s  yie lding anywhere 
f rom 2 5  to many thous and s o f  gal lons per minute . Ma j or 
a qu i f e r s  are s hown in F i gure J - 1 9 .  

The breakdown by individua l u s e s  o f  wate r within Demand 
Regions i s  g iven in Table J - 6 . As c an be seen f rom the tabl e , 
indu s tr i a l  o r  agricul tural use s o f  water predominate . Agr icul 
tural u s e  o f  wa te r i s  particul arly s ig n i f i c ant in the South
we s t  and f ar We st with C a l i fornia and Texa s uti l i z ing 3 3  and 
10 b i l l ion gallons  o f  wate r pe r day , ie spective l y . The San 
Joaquin Va l le y  o f  C a l i fornia and the northwe s t  section of Texa s 
are the two principal areas o f  tho s e  s tate 3 under irrigation . 

5 
Geraghty and Mi l le r  e t  al . ,  Water At l a s  o f  the Unite d  

S ta t e s  ( Port Wa s hingto n , New York : Water I n fo rmation C enter , 
1 9 7 3 ) . 
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S u rvey . The Na t iona l At l a s  o f  the Un i t e d  S t a te s , W a s h ington , D . C .  1 9 7 0 , p .  1 2 2 - 1 2 3 . )  
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REG I ON 
TOTAL WATER 

USAGE 

1 Y , 7 5 6  

2 4 2 , 5 8 5  

3 4 8 , 8 2 0  

4 6 1 , 1 2 7  

5 1 9 , 5 7 0  

6 1 9 , 6 4 5  

7 4 0 , 2 8 2  

8 5 7 , 4 8 0  

9 6 2 , 6 5 3  

1 0  ( Alaska ) 2 7 5  

TOTAL 3 6 2 , 1 9 3  

PERCENTAGE 
OF TOTAL 

TABLE J- 6 

DAI LY WATER USAGE 

( MG D )  

PUBLIC 
WATER SUPPLIES 

1 , 4 3 2  

3 , 9 0 0  

3 , 4 0 6  

5 , 6 7 0  

1 , 1 5 0  

1 , 6 5 0  

2 , 2 1 0  

1 , 3 9 0  

4 , 6 8 0  

6 0  

2 5 , 5 4 8  

7 

WITH DRAWAL 
OF WATER FOR 

INDUSTRY 

8 , 1 2 0  

3 8 , 2 0 0  

4 2 , 3 0 0  

5 4 , 6 0 0  

1 7 , 7 0 0  

8 , 8 5 0  

2 3 , 8 6 0  

2 , 0 5 0  

1 2 , 6 0 0  

2 0 0  

2 0 8 , 4 8 0  

5 8  

WITHDRAWAL 
OF WATER FOR 

RURAL usEl 

1 2 3  

3 7 2  

7 1 0  

6 7 0  

3 2 1  

9 0 2  

4 9 2  

3 4 0  

6 9 2  

1 5  

4 , 6 3 7 

1 

WITHDRAWAL 
OF WATER FOR 

I RRIGAT ION 

8 1 

1 1 3  

2 , 4 0 4  

1 8 7  

3 9 9  

8 , 2 4 3  

1 3 , 7 2 0  

5 3 , 7 0 0  

4 4 , 6 8 1  

0 

1 2 3 , 5 2 8  

3 4  

1
Not s e rved by pub l i c  sys tems . Me a sure s wi thdrawa l from private sourc e s  o f  

water such a s  well s .  



3 .  Water Qua l i ty 

The maps in thi s  s e c tion are f rom the Wa ter Atlas o f  the 
United S tate s 6 and were s e le c te d  to provide a gener a l  p i cture 
of water qua l i ty at the nationa l and regional l e ve l .  F igure 
J - 2 0 g ives principal areas of surface water p o l lution . F igure s 
J - 2 1  and J- 2 2  show groundwater hardn e s s  and deep-we l l  i n j ection 
d i s po s a l  regulations respec tive ly . The  mo s t  direct impacts 
of o i l  p roduc tion result from the consumption and contamination 
o f  g roundwater s upp l i e s  and the d i s p o s a l  of produced b r i ne s . 
Hardne s s  renders ground water l e s s  use ful in i n j ection te ch
nolog i e s . Therma l p o l lution ( F igur e  J - 2 3 )  is a l e s s  d i re c t  
impact s temming f rom r e f i ning and power generation . P ipe l i ne 
breakage ( F igure J - 2 4 )  can be very detr imenta l to surface 
s uppl i e s  and deb i l itate treatment fac i l i t ie s . 

S urface water po l lution i n  the We s t  S outh Centra l 
Region i s  predominant i n  the C imarron , C anad i an , Was hington 
and T r i n i ty River b a s i n s  and exte n s ive throughout the r e s t  
o f  the region excepting the Whi te River drainage , whi c h  i s  
s l i ghtly po l l uted . The Hous ton ship canal i s  o n e  o f  the 
" ten d ir t i e s t  waterway s . '' The groundwater supp l i e s  are 
r e l atively soft in Loui s i ana , Arkan s a s  and East Texas , 
becoming increas ingly hard in We s t  Texa s  and Ok lahoma . 
Texas has r egulations r e s tr i c ting deep-we l l  i n j ection d i s p o s a l . 
Therma l  pol lution i s  minor to moderate throughout the 
region , Texa s being mo s t ly moderate . Oi l p ip e l ine s p i l l s  
are a ma j or prob lem , 1 3 9  taking place i n  1 9 6 9  in Texas a lone . 

Northe a s tern New �1ex ico , e a stern Co lorado and the S nake 
River B a s i n  i n  Idaho e xh i b i t  predominant surface water 
p o l lution . The rema inder of the Mountain Reg ion is exten s ively 
to moderately p o l luted . Groundwate r s upp l i e s  are e xtreme ly 
hard in s outhea s tern New Mex ico , nor theaste rn C o l o rado , 
e as tern Wyoming ,  Ari zona and Nevada . South centra l Wyomi ng , 
c entral Co lorado and c entra l New Mex i co are moderately hard , 
with the r ema inder being c l as s i f ied a s  hard . There are no 
s pe c i a l  deep-we l l  d i s p o s a l  regulations in the region . 
Therma l po l lution i s  a ma j or pro b l em in Idaho and we s te rn 
Wyoming and Montana , moderate throughout the r e s t  o f  Montana 
and muc h  of Wyoming a nd minor e l s ewhe r e  in the region . 
P i pe l i ne spi l l s  are moderate source s o f  contamination in New 
Mex i c o  and Wyoming and mino r  e l s ewhere . 

6 
Geraghty and Mi l le r  et a l . ,  Wa ter Atlas o f  the United 

S ta te s . 

An o i l  pipel ine spi l l  i s  de fined by its occurrance 
not b y  the number of barre l s  of o i l  s p i l l ed . 

J- 3 2  
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S ou thern C a l i fornia surrounding and nor th o f  the S a l ton 
S e a  area exh ib i ts predominant s ur f ac e  water po l lution ; 
pol lution i s  exte n s ive to predominant up the coa s t  to S an 
F ranc i s co and mos t ly locali zed north o f  Cal i fornia along the 
coa s t . In land it is genera l l y  extens ive . Groundwater supp l i e s  
a r e  hard in Sou thern C a l i fornia and range t o  moderate and 
s o f t  in Oregon and Wa shington . Oregon is the only s tate 
with s tatu te s regulating deep-we l l  i n j e c tion disposa l .  
Therma l po l lution i s  a ma j or prob l em in Wa shing ton and 
Oregon and a moderate problem in C a l i forni a . O i l  pipel ine 
s p i l l s  are a minor problem in thi s  reg ion . 

4 .  Maj o r  Biome s and Land U s e  

F igures J - 2 5  and J - 2 6  indic ate ma j or b iome s and l and 
u s e  i n  the Un i ted S tate s . The b iome s vary s ig n i f i cantly 
according to temperature ,  rain f a l l ,  wind patterns , s ub s trate , 
terrain , e tc . f rom nor th to s outh and e a s t  to we s t , f rom 
dens e  fore s t s  to va s t  de s erts , from coastal we tlands to 
a lpine habitats . Be tween the mountain range s  are the 
l owlands that support mo s t  o f  the agriculture o f  the country , 
much fore s t  l and and the de serts . Mos t  o f  the urban areas 
and indu s try are located along the coastal regions and 
around the Great Lake s . The temperate c l ima te of the Gul f 
Coast i s  primari ly in f l uenced by the warm and gently moving 
Gul f  wate r s  and the Mi s s i s s ippi River . The coa s ta l  areas in 
the Ea s t  are a l so s i gni f icantly inf luenced by the mi l d  
wate r s  o f  the Gul f S tream . The wes tern coa s ta l  areas , o n  
the o ther hand , are dominated by the coo l Arc t i c  currents . 
Mo s t  o f  the coastal inf luence s  are checked by ma j o r  north
s outh running mountain range s .  A brief  de s c r iption o f  the 
chara c te r i s ti c s  of some of the Demand Regions fol lows . 

The heterogeneous We s t  South Central Reg ion � s  charac ter i z ed 
i n  the we s tern expanse by s emi-arid shrubland , pinon-j uniper 
chaparral and gras s land . Moving e a s tward , mixed for e s t s  
appear and merge into p ine and cypr e s s -gum f loodp l a i n  fores t s . 
Marshe s and mudf l ats s tretch along the coastal plain . Wi th 
7 0  percent o f  the ava i lable land uti l i zed in agricul ture , 
thi s  r eg ion s upports co tton , oat , soybean , r i ce , swe e t  
po tato , s ugar c ane , poul try and l ive s tock f arming . P arks 
and protected l and s cons ti tute less than 1 percent o f  the 
total are a . Urban areas are linked to the southern Gul f 
Coas t . 

The northern s e c t ions o f  the Mountain Reg ion are 
typ i f ied by great p ine and Douglas  fir for e s ts and sagebrush 
s teppe s .  E a s tward , p a s ture and gra s s l ands continue . The 
c entral and southern regions ho s t  the ma j or U . S .  des ert 
are a ,  whe re endemic vegetation inc ludes creo sote , s a l tbus h , 
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s agebru s h  and pinon- j uniper chaparra l .  Farm y i e ld s  are 
p redominantly dry f ie ld crops such a s  a l f a l fa and wild hay . 
Mo s t  o f  the r emai n ing productive l and i s  u s ed for l ives tock 
g ra z i ng . The region ' s  1 3  National Parks emp loy 2 . 1  percent 
of the total are a . 

The expa n s e  o f  Doug l a s  f i r , spruce and pine forest 
dominates the coastal P ac i f ic Reg io n . Acro s s  the No rthwest 
s agebrush and g ra s s l and continue , whi le coa s t a l  chaparral 
s tretche s down Central C a l i forn i a .  The coast i s  s teep and 
high c l i f fed . Rocky , s andy and pocket be ache s are a l l  
d i s tingu i s h ab le . Agricultura l ly-deve loped land consti tute s 
3 5  percent o f  the to ta l area and i s  respon s i b l e  for the 
p roduc tion o f  vegetab l e s , frui t ,  nuts , bar ley , winter whe a t , 
a l f a l f a , s ugar b e e t s  and dairy goods . Wi th e ight National 
Parks , protected lands i ncorporate 2 . 2  percent of the regio n . 
Urban s e tt l ements are l i nked to the coa s t  o r  s i tuated i n  the 
Val l ey . 

5 .  S o c io economic 

The population of the Uni ted S tates wa s 2 1 1 , 3 9 0 , 0 0 0  in 
1 9 7 4 .  In the l abor force were 9 2 , 3 4 9 , 0 0 0 , wi th an unemp loy
ment rate of 4 . 7  percent . Thi s rate had c l imbed to 8 . 6  
percent by Apr i l  1 9 7 5 .  Emp loyed in petroleum and gas extraction 
and r e f ining were 3 4 1 , 0 0 0  persons o r  0 . 3 7 percent of the 
l abor forc e . 

Tab l e  J - 7  g ive s a summary o f  U . S .  energy u s e  f rom 1 9 6 4  
to 1 9 7 3 . Note that in 1 9 7 3 , 1 7 . 9  percent o f  the e nergy c ame 
f rom coa l , 4 2 . 3  perc ent from p etro leum and 3 4 . 8  percent f rom 
natural ga s . Tab le J - 8  g ives a summary o f  U . S .  energy 
produc tion . More recent f igur e s  show that U . S .  produc tion o f  
c rude pe tro l eum f e l l  to about 8 , 7 0 0  mi l l io n  barre l s  per day in 
1 9 7 4 ,  and 8 , 3 0 0  mi l l ion in 1 9 7 5 .  P etro l eum d emand fe l l  by 4 
percent in 1 9 7 4  and 2 . 5  percent i n  1 9 7 5 ,  due parti a l ly to 
highe r  pric e s , but mainly to the rece s s ion . 

Tab l e  J - 9 p r e s ents some energy facts for the Unite d  
S tate s , broken down by D emand Reg ion . To ta l hi ghway g a s o l ine 
use for 1 9 7 3  was 2 , 4 3 3  mi l l ion barre l s , 7 whi l e  a l l  other 
u s e s  total led 3 , 3 1 0 mi l l ion barre l s  in 1 9 7 4 . 8 About 1 2  

7
Bureau o f  Mine s , S a l e s  o f  Fue l O i l  and Kero s i ne i n  1 9 7 4 , 

and Bureau o f  Mine s , P e tr o leum S tatement , 1 9 7 4 , Tab l e  1 6 . 

8wor l d  Almana c ,  1 9 7 5 , Motor Fuel Consumption ( Hi ghway ) . 
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TABLE J- 7 

CALCULATED CONSUMPTION OF MINERAL ENERGY RE S OURCES 
AND ELECTRI C I TY FROM HYDROPOWE R AND NUCLEAR POWE R 

I N  THE UN I TE D  S TATES 
( DAI LY AVE RAGE S )  

1 964 1 965 1 966 1 967 1 968 1 969 1 9 70 1 9 7 1  1 97 :  1 9 7 3 2  

Bitumin011s Coal 
and Li£n 1tc ( l ,000 net t ons) 1 , 1 78 1 ,258 l .3 3 2  1 ,3 1 6 1 ,363 l .)90 l ,4 1 3  l .3 5 6  1 ,420 l ,5 4 3  

Anthracite Coal ( 1 ,000 nc1 lone) 39 35 3 1  30 28 24 2 3  20 16 1 5  

Petroleum Product s : (! ,000 barrels) 
From crude pet roleum. S,S29 9,066 9 ,46i 9 ,83 6 1 0,3 ! 8  1 0,661  1 0,909 I !  , 1 8 8 l l ,690 1 2 ,440 
Frum other sources 1 . . 866 l .2 3 9  l ,340 l ,3 8 !  1 ,602 1 ,840 2 . 1 1 6  2 ,349 2,848 2 ,9i0 

Nat ural Gas,  dry 
(miil ion cu . ft.) . . . . . . 4 1 ,077 4 2 , i 3 5  46 , 1 74 4 8 ,4 5 !  5 1_,83 9  5 5 ,8 5 7  5 8 ,5�0 60 ,637  6 1 ,:SJ 6 2 ,603 

Na t u ral Gas Liq u i ds 
( l ,OOO barrels) . . . . . . .  l ,! 4 7  1 ,207 l ,277 l .)43 l ,473 1 ,635 1 ,665 ! ,676 l ,826 1 ,843 

Electricity: 
(MM KWH) 

Water  Power  . . . . . . . 493 
Net E · Exports 
Net I · l :npor t s .  5 
Nuclear.  9 

5 3 9  

1 0  

545 

3 
1 5  

6 1 5  
l 

2 t  

6 1 5  
2 

34 

697 

3 
3 8  

692 

5 
60 

CA LC ULA TED CONSC\f PTION I N  8 R I T! S H  TH E R\l .\ L C:\ ITS 
(DAILY A \ E R.-'. G ES ! ."' THI LL I O:\S O F  B ru. )  

B i t um inuu; Coal 
and Lignite 3 1  

Anthracite C.:ial . . . . .  . 
Petroleum ProJuct s :  

From crude petroleum . 5 1  
From other sources 1 • • 6 

Natu ral Gas , dry. . . . . . 42 

Natural Gas Liquids . . . 5 

Electricity:  
Water  Power . . 5 
Nuclear. . . . . . . . . .  . 

Tota l . . . . . . . . . . . . .  1 4 1  

3 2  

5 l 
8 

44 

5 

! 46 

3 3  

53 
8 

48 

6 

6 

1 5 5  

33 

I 

5 5  
9 

50 

6 

6 

1 60 

3 4  

5 8  
1 0  

5 4  

6 

6 

1 69 

34 

I 

60 
l l  
58 

7 

1 78 

3 4  

6 1  
1 3  

60 

7 

7 

1 84 

748 

1 0  
1 04  

63 
1 4  

6 2  

7 

8 
I 

1 8 8 

7i6 
2 1  

1 48 

34 

l 

65 
1 7  

63 

7 

8 
2 

776 

1 9  
2 1 9  

3 7  

69 
1 8  

6 5 

7 

8 
3 

�=========================================================== 1 9 7 207 

CALCULATED COSSC\!PTI ON IN B R I TI S H  TH E R \ t A L  L:N I TS 
(PER CENT OF TOTA L) 

B i t uminous Coal 
and Li;nite . . . . : 1  .8 

Anthraci te  Coal . .7 
Petroleum Prudu,·rs: 

2 1 .7 
.6 

2 1 .6 
.5 

20.6 
.5 

20. 1 
.4 

From crude pct rnlcum 36 .  I 3 4 .7 34 .2  34.7 3 4 .2 
From othe r  suu r.:es 1 . •  3 .B 5 .4 5.5 5 .3 6.0 

Natt1rJl GJs , dry. 30.5 30.2 30.9 3 1 .3 3 1 .7 
NJt u ra! GJs LiquiJs . . . 3 .4 3 . 5  3 .5 3 .5 3 .6 Elect ric ity : 

1 9 .3 
.3 

3 3 .5 
6.4 

32.4 
3 .8 

1 8.6 
.3 

33 .3 
7.0 

3 2.8 
3 .7 

1 7.3 
3 

3 3 .4 
7.4 

3 3  . 2  
3 . 6 

1 7. 1  � ... 

3 3 . 2 
8.7 

3 2 . !  
3 . s  

l 7 . 7  
.2 

33 .6  
8 . 7  

3 1 .2 
3 . 6 

Wa ter P:iwer 3 .6 3 .8 3 .7 4 .0 3.8 4 . 1  4.0 4 . 2  4 . 1  3 . 9  
Nucicar.  --'-.J'-----'.1 ____ ._,_1 ---'-'· 1 ___ 2,_ __ "'2 __ -"J'-----'·�6 ___ .8 __ L..L 

Totai . 1 00 0  ' 00.0 ! 00.0 ! 00 .0 ' 00 .0  : co o  ! 00 0  1 00 .::i  ! 00.0 1 00 0  

1 !n1.:; udcs !mpon s ,  .: x ports,  ;1rn...: css1ng �:J1ns. . .  ind � t P(.. k -.:h�ngc. 
2 Prc! im1n;iry. 

S ource : Bureau o f  Mine s , P e troleum Statement , 
December and Annual i s s ue s . 
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TABLE J- 8 

PRODUCT ION OF MINERAL ENERGY RES OURCE S 
AND ELECTRICITY F ROM HYDROPOWER AND NUCLEAR POWER 

IN THE UN ITED S TATES 

Bitum inous Coal 
wJ Lignite 

1 964 1 965 

( DAILY AVERAGES )  

1 966 1 9 6 7  1 963 1 96 9  1 97 0  1 97 1  1 9 7 2  

( ! .OOO not  tuns) . . . l ,.3 J l  l ,.+OJ l ,46J 1 ,5 1 4  l ,490 l ,5J6 1 ,6 5 2  1 ,5 l J  1 ,6 27 1 ,6 1 6  

1\nthrac.:ite Coal 
{ l .OOO not tuns) . . .  47 4 1  JS 34 J I  29 27 24 19 1 8  

Crud� Pet roleum 1 
( l ,OOO barrels) . . . . 7 ,6 1 4  7 .�04 8,295 8,8 ! 0  9 ,096 9,238 9 ,637 9,46J 9,44 1 9 , 1 8 7  

Natural Gas, wet 
(million .:u.  ft.) 42,246 4J ,94 5 4 7 , J 4 l  49,734 52,793 56 ,708 60,0 5 7  6 1 ,625 6 1 ,562 6 2 .740 

Elec t r icity : 
(M�l  KWH) 

Water Power . . . . 493 540 542 6 1 6  6 1 7  694 637 739 154 757 

Nuclear . . . . . . . 9 1 0 15 21 34 38 60 104 1 4 8  2 1 9  

Bituminous Coal 
and Lignite . . . . . . 

Anthra.:ite Coal . . .  

Crude Pe troleum 1 . •  

Natural Gas. wet 
(unprocessed) . . . .  

Electrici ty:  
Water  Power . . . .  

Nuclear . . . . . . . 

Total . . . . . . . . .  . 

Bituminous Coal 

3 5  

47 

5 

0 
1 J 2  

and Lignite . . . . . . "26.4 

Anthracite Coal . . . .9 

Cruce Petro!cum 1 • . J J .5 

Natural Gas, wet 
(un processed) . . . . JS .2 

E!ec:ricity : 
Water Power . . . . J .9 
Nudear . . . . . . . . 

Total . . . . . . . . . . 1 00 0  

l lndwles lease cond ensa te .  
2 Prelinunary. 

J 5  

44 

48 

6 

0 

I J4 

26.5 

.8 

J6.0 

4.2 
. l  

1 00.0 

PROD UCTION I N  B RlT!SH THER.\1 .-\ L  UNITS 
( D A I LY A V E RAGES IN TR I L L I O NS O F  B.t .u .)  

3 7  

4 6  

52  

6 

0 

1 42 

J8 

50 

55 

6 

0 
1 50 

J 7  

S I  

59 

7 

0 

l 5 5  

J B  

6J 

1 
0 

1 6 1 

PRODUCTION IN B R ITISH TH E R .\L.\L UNITS 
(Per Cent o f  Total) 

26 . 1  

.6 

3 2 .6 

3 6 .6 

4.0 
. !  

I 00.0 

25 .4 

.6 

J J .O 

J6.6 

4.J 
. !  

1 00 .0 

24.2 

.5 

J 2 .S 

3 8 . l  

4.2 
.2 

1 00.0 

2 J . 8  

.4 

3 2 .2 

38.9 

4.5 

.2 
1 00.0 

4 (  

54 

66 

7 

0 
1 6 9  

24.0 

.4 

32.0 

39 .0 

4.2 

I 00 0 

J6 

SJ 

68 

8 

1 67 

zz.o 
.4 

3 l .7 

40.7 

4.6 

.6 
1 00.0 

J9 

S J  

6 8  

8 

1 70 

2J.O 

.J 
J ! . !  

40.0 

4 .6 

l .O 

I 00.0 

J 9 

5 1  

69 

8 
2 

1 70 

22.9 
.J 

:J 0 . 2  

40 .6 

J. .6 

1 .4 

! CO.O 

S o ur ce : Bureau o f  Mine s , Petro leum Sta tement , 
Decembe r  and Ann ual i s s ue s . 
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TABLE J- 9  

REG IONAL ENERGY FACTS FOR THE UN ITED STA'l'ES 

HEGICTl I£:'.;IQ� HEGlctl HEGICN ra;10N RH:;1a-l HEGION HEGICN HEGIOO REGION 'JD'!Af, 
1 2 3 4 5 6 7 8 9 10 U . S .  

('11 DUSl\NDS) 

J:OPU!ATION, 1974 1 2 , 150 37 , 276 33 , 206 4 0 , 86 2  1 3 ,  387 1 6 , 682 20, 584 9 , 411 2 7 , 496 2 33 211 , 390 

(11 10US/\NDS) 
IJ\JDR FOfCE, 1974 5 , 4 4 9  15, 84 4 1 5 , J80 1 8 , 079 5 , 603 7 , 4 01 8 , 509 4 , 018 1 1 , 940 146 92,  3119 

z. l NI:NPI.DYMI-Nr l 7 . 1% 6 . n  4 . 6% 5 . n 4 . 3% 4 . 2% 4 . n  5 . )% 7 . 6 % 10. 2% 5 . n  

C\;_l\L !1LUNG 2 

1Tii'i"I5Wii:�rf(1 , ooo) 30 . 8  61 . 9  25 . l  32 . 9  2 . 3  1 . 0  OJER 2500 250-499 1 50-249 1 59 . 6  

\-11\GES £� MILLIONS 334 . 9  675. 2 309 . 7  354 . 7  2 3 . 7 1 1 . 9  (D) (D) (D) 1777 

O F  $ 

OIL&G\S EXrlll\CTIOii ----------
E'U'lOYl IF:d'l' ( l ,  000) OJER 2500 4 . 2  9 . 3  7 . 6  9 . 8  161 . 0  2 2 . 8  18 . 3  2 . 4  240 . 6  

y I \·/iV;r.;s JN MILLIOUS (0)
4 

4 0 . 2 80 . 6  6 3 . 1 8 6 . 0  1707 . 6 2 35 . 9  217 . 4  37 . 3 2525 "'" 
"'" OF $ 

Pf:l'!<Ol.llll REFI:·IUG3 

C: !PLCJYMI:;-lT ( 1 ,  000 ) 1 50-249 OVER 2500 1 . 9  16 . 2  2 . 2  4 . 7  4 3 . 3 3 . 4  1 5 . 0  100 . 8  

\'11\Gf':.S J,-l MU.LIONS (D) (D) 2 3 . 1 206 . 9  2 5 . 6 55 . 3  5 37 . 6  4 0 . 5 1 90 . 8  124 7 . 1  

OF $ 

H-:'l'!�Lllll 5 

Pi-ODlX:TION ------
ft-l 1974 /UIJ,ICJN 4 . 4  39 . 0  5 9 . 6  7 2 .  7 88 . 5  2193 . a  351 3 2 3  70 . 6  3202 . 6  

Bl\HHEIS 

(�JN)JULLICH BTU' s6 ( . 025) ( .  22)  ( .  35)  ( .  42)  ( .  5 1 )  ( 1 2 .  72)  ( 2 . 04 )  ( l .  07)  ( .  4 1)  ( ll l .  6 )  

HEF!HEO OIL USE 7 

1 9ir-----
HEl\T ING (MILLION 

I:lMUUL.5) 8 1 34 . 9  2 52 . 0  7 3 . 2 1 29 . 0  16 . 3  39 . 5  19 . 8  14 . 9  2 7  . .  4 3 . 1  710 

(')Ul\DS) ( .  78) (1 . 4 6 )  ( .  4 2 )  ( .  7 5 )  ( . 09 )  ( .  2 3 )  ( . 11 ) ( . 09 )  ( . 16 )  ( . 02 )  ( L l 2 )  

EUCTIUCI'I'Y 

(MILLION BARRELS)
9 

73. 6 154 . 6  156 . 8  35 . 4  1 1 . 6  6 . 4  27 . 2  1 2 . 5  8 1 .  3 . 4  599 . 9  

(OJMS) ( . 4 3) ( .  90) ( .91)  ( . 21 ) ( . 07)  ( . 04 )  ( . } ti }  ( .  07) (. 4 7) ( . 0(J 2 )  ( ) . 2 S )  



y I � 
Ul 

(�\!Xl!.I, IE ( l  973) 
ti I [,I.IO�� 131\RHElS 10 

(t_lllf\J'G) 
J l  

WDUSTRl f\J, FUl:l, 

((JU.'\DS) 
,..,,., n·:R ·n�SIURl'l\TIOO 
(MILLIOI� MHHEIB) 12 

(QU/\l)S) 

.n�r F'UEL1 3  
( <JlJ.LJON 131\RRElS) 
((JUNJS) 

crmrn FlJEL USES 
(IHLJ,m:� MJUU:"l.S) 1 4  

((�JN:JS ) 
ctl1JCR PIDDLCTS 
(:l! LLION Lll\HRELS) 1 5  

(QJf\JJS) 
Gl\S SNJ::S BY 

lll' I LITIES 197 316 
(((Ji\DS) 

l·:LJCl'RICJTY 1974 17 
c�u1oowoo'11<w-11) 
(Qlll\DS ) 1 0  

llYDID (109kwh) 

(OUNX:i) 
m.islHm oo9kw-hl 

((llli\DS) 
HJ J:'JNfdG CllPN..: I'fYl9 
1976 ( 1000 b/c<l) 

CJF CHIJDE 

REG Im 
1 

1 26 . 9  

( .  74 ) 

2 5 . 7  

( . 15) 

1 5 . 8  

( . 09 )  

• 262 

76 . 7  

( .  26) 

S . 216 

( . 01 8 )  

69 . 1  

( . 24 )  

TABLE J- 9 ( CONT . )  

REGIONAL ENERGY F ACTS FOR THE 

r£:;ICN REGIGJ REGlCN REGICN mx:am 
2 3 4 5 6 

34 2 .  3 402 . 2  4 5 7 . 0  165 . 0  213 . 7  

( 1 . 99 )  ( 2 . 33) ( 2 . 6 5 )  ( . 96 )  ( 1 . 24 )  

52 . 8  5 l . 8  4 4 , 5  10 . 3  ll � l  

( .  31 ) ( . 30) ( . 26)  ( . 06)  ( . 06) 

66 . 3  76 . 4  6 8 . 7  4 3 . 0  4 2 . 1 

( .  38) (. 4 4 )  ( . 40 )  ( .  2 5 )  ( . 24)  

1 . 670 1. 309 3 . 958 . 9 22 1. 78 

2':>4 . 3  347 . 6  36 3 . 2  134 . 4  1 20 . 6  

( .  87) ( 1 . 18) ( l . 24) . 6 3  ( .  4 1 )  

30 . 1 88 1 9 .  312 3 . 598 2 7 . 0 5 3  1 2 . 3 

( . 103) ( . 066) ( . 01 2 )  ( . 092)  ( . 0 4 )  

2 35 . 5  2 84 . 9  340 . 4  164 . 4  108 . 3  

( . 80 )  ( . 9 7)  ( 1 . 16) (.  56) ( .  37)  

1407 . 4  264 . 6  2 5 19 . 6  587 . 3  838 . 6  

UNI TE D  STATES -------

REGIOO REGHN RE.'GICt� REGICN 'IOI'/\i, 
7 8 9 10 U . S .  

274 . 9  127 . 0  32 1 �  1 2 . 5  2 4 3 3 .  5 

( 1 . 60 )  ( .  7 4 )  ( 1 . 87)  ( . 01 )  ( 1 4 . l  ) .  

26 . 5  16 . 6  31 . 2  1 . 2  271 . 8  

( . 1 5) ( . 10 )  ( . 1 8 )  ( . 01)  ( 1 . 50 )  

104 . 3 36. 3 69. 7 2 . 5  5 2 5 . 3  

( . 60 )  ( .  21) ( . 40 )  ( . 01 )  ( 3 . 05 )  

305 

(1 . 7 7 )  

33. 1 

( . 1 9 )  

064 . 4  

( 5 . 01 )  

3 . 26 1 . 0 3  2 . 26 . 027 16 . 4 8  

255 . 7  101 . 4  252 . 8 2 . 0  1958 

( . 87)  ( .  35 ) ( . 86 )  ( . 01 )  (6 . 68 )  

9 . 7  2 8 . 2 1 35 . 8  0 . 3  271 

( . 0 3) ( . 09) (. 4 6 )  ( . 001)  ( .  92)  

199 . 6  78 . 7  231 . 0  1 . 5  1 7 1 3  

( . 68)  ( . 27 )  ( .  79) ( . 005) ( 5 . 84 )  

6 326.  0 665 . 9  2 386 . 6  74 . 3 1 5 , 074 . 8  



FOOTNOTES TO TABLE J - 9  

1 u . s .  Bureau o f  the Cen sus , S ta ti s ti c a l  Ab s tracts o f  the 
Un i ted S tates , 1 9 7 5 , 9 6 th Edi t i on , 1 9 7 5 . 

2 u . s .  Bure au o f  the Census , 1 9 7 2  Census o f  Mineral Indus
tri e s , General S ummary , pp . 1 - 1 1  to 1 - 1 4 . 

3 u . s .  Bureau o f  the Census , 1 9 7 2  Census o f  Manufacturers , 
Genera l Summary , pp . 1- 1 7 9  to 1 - 1 8 0 .  

4 11 0 11 ind i c ates data wi thheld by the Censu s Bureau . 

5 
Department o f  the Interio r , Bure au o f  Mines , Quan t i ty 

and Va lue o f  Crude Pe tro leum , P roduced and Approximate Numb e r  
o f  Producing We l l s in the U . S . : 1 9 7 4 . 

6
The a pprox ima te f i gu r �  5 . 8  x 1 0 6 Btu/b arre l was used for 

a l l  o i l s . 

7Jet Fue l and O the r Products  are not avai lab le by Demand 
Region . 

8
Department o f  the Inte r i o r , Bureau o f  Mine s , S a le s  o f  

Fuel O i l  and Ker o s i ne i n  1 9 7 4 , Tab l e s  5 ,  6 ,  7 ,  Heating O i l s . 

9
Bure au o f  Mines , S a l es o f  Fue l O i l  and Kero s i ne in 1 9 7 4 , 

Table 1 3 , E le c tr i c  Uti l i ty Comp any U s e . 

1 0  
Wor l d  Almanac , 1 9 7 5 , Mo tor Fuel Consumption ( H i ghway ) , 

data are for 1 9 7 3 .  

1 1  
Bureau o f  Mine s , S al e s  o f  Fuel O i l  and Ke ro s ine i n  1 9 7 4 , 

Tables 8 and 9 ,  I ndu s tr i a l  and O i l  Comp any U s e . 

1 2
Bureau of Mines , S a l e s  of Fue l O i l  and Kero s i ne i n  1 9 7 4 , 

Tab l e s  1 0 , 1 1 , 1 2 , 1 4 , Include s Rai lroads , Ve s s e l s , M i l i tary , 
On-hi ghway d i e s e l ,  O f f-hi ghway d i e se l . 

1 3  Department o f  the Interio r , Bureau o f  Mine s , P e tro leum 
S ta teme nt , 1 9 7 4 , Tab l e  1 6 , Uni ted S tate s Je t Fuel P roduction 
in 1 9 7 4 . 

1 4
Bureau o f  Mine s , S a l e s  o f  Fue l O i l  and Kero s ine in 1 9 7 4 , 

Tab l e s  1 ,  2 ,  3 ,  All Other U s e s  for Kero s ine , D i s t i l la te s , and 
Re s idua l . 

1 5  
Bureau o f  Mines , Petro l eum S ta temen t ,  1 9 7 4 , Tab l e  1 6 , 

Uni ted S tate s  Produc t ion o f  E thane , KRG , P e trochemi c a l  F eed
S tocks , S pe c i a l  Naphtha s ,  Lube O i l , Wax , Coke , Aspha l t , Road 
O i l , S t i l l  Gas for Fue l , m i s c . 
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FOOTNOTE S  TO TABLE J - 9  ( CONT . )  

1 6  
Bur e au o f  C en sus , S tati s ti c a l  Ab stracts o f  the Un i ted 

S tate s , 1 9 7 5 ,  Tab le 9 0 1 ,  p .  5 4 2 . 

1 7  Bureau o f  Census , S ta t i s t i c a l  Ab s tracts o f  the Uni ted 
S tates , 1 9 7 5 , Tab l e  8 8 8 , p .  5 3 5  and Tab l e  8 9 7 , p .  5 4 0 . 

1 8
1 b i l l i on kWh = . 0 0 3 4 1  quads . 

1 9
" s urvey o f  Opera t ing Re fineries in the Uni ted S tate s , "  

( S ta te capac i t i e s  as o f  January 1 ,  1 9 7 6 ) , O i l  and Gas  Journal 
( March 2 9 , 1 9  7 6 )  . 
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percent o f  a l l  petro leum produc ts wer e  used directly for 
he ating in 1 9 7 4 , 10 percent for e lectric power generat ion , 
and 5 0  percent for l and and water transportation . 

The U . S .  Geo log i c a l  Survey has recent ly prepared e s t i 
mate s o f  crude o i l , natural g a s , and natural g a s  l iquid . 9 

F igure J - 2 7 , taken from the above re ferenced pub l i c ation , 
ind ic ate s the location o f  o i l  and gas f i e lds . The magn i tude s  
o f  dome s tic r e s e rve s , as  e s timated i n  the referenced pub l i 
c ation , are given be low . 

ONSHORE : l .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

10 . 
1 1 .  

OFFSHORE 
(0-200m.) : lA . 

2A .  
6A. 

llA . 

DEMONSTRATED P ETROLEUM RESERVES FOR THE UNITED STATES 
DECEXBER 3 1 ,  1974 (billion barre l s )  

DEMONSTRATED RESERVES 
REGIONS 

MEASURED 
a 

INDICATED
b 

Alaska 9 . 944 0 . 013 
Pacific Coastal States 2 . 6 9 9  l . 091 
Western Rocky Mountains 0 . 417 0 . 08 9  
Northern Rocky Mountains l . 461 0 . 2 5 6  
West Texas and Eastern New Mexico 7 . 0 60 l . 991 
Western Gulf Basin 7 . 082 0 . 5 8 7  
Mid-Continent l . 805 0 . 2 1 1  
Michigan Basin 0 . 082 0 . 0 08 
Eastern Interior 0 . 2 8 3  0 . 009 
Appalachians 0 . 15 5  0 . 067 
Eastern Gulf and Atlantic Coastal Plain 0 . 042 0 . 006 

Total Lower 48 Onshore 2 1 . 086 4 . 3 1 5  

Total Onshore United S tates 3 1 . 0 3 0  4 . 3 2 8  

Alaska 0 . 1 50 Negl . 
Pacific Coastal S tates a . ass 0 . 2 5 8  
Gulf of Mexico 2 . 2 1 2  0 . 0 50 
Atlantic Coastal S tates 0 . 000 0 . 000 

Total Lower 48 Off shore 3 . 0 7 0  0 . 308 

Total Of!'shore United S ta1;es 3 . 2 2 0  0 . 3 08 

Total tower 48 2 4 . 1 56 4 . 6 2 3  

Total Alaska 10 . 094 0 . 0 13 

TOTAL UNITED STATES 34 . 2 5 0  4 . 63 6  

a
identified resources that c an  b e  economically extracted with exis ting 

technolog y .  
b

identif ied resources economically recoverable i f  known fluid inj ection 
technology is applied . 

9
Betty M .  Mi l le r  et a l . ,  Geologic a l  E s t imates o f  Und i s 

covered Recoverable O i l  and Gas Re s ourc e s  i n  the Uni ted S tate s , 
U . S . G . S .  Bul l e t in 7 2 5 , 1 9 7 5 . 
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The New Eng l and Region produce s  no s i gn i f i c ant amoun ts 
of fo s s i l  fue l , nor has th i s  region s ign i f icant onshore 
r e s e rve s of co a l , o i l  or gas . New Eng land u s e d  1 2 6 . 9  mi l l ion 
barre l s  of gas o l ine for hi ghway tran s portat i on in 1 9 7 3 , and 
2 5 0 . 9  mi l l ion barre l s  of ke ro s ine , d i s t i l late fue l s , and 
r e s idua l fue l s  in 1 9 7 4 . 1 3 4 . 9  mi l l ion barre l s  were used 
directly for heating , and 7 3 . 6  m i l lion for e le c tr i c  power 
gene rat ion . S a l e s  o f  natural gas in 1 9 7 3  in New Eng land 
amounted to 0 . 2 6 2  quadr i l l ion Btu ' s . 

The Mid-Atlantic Region produced 4 , 3 4 7  thous and barre l s  
o f  crude petro leum in 1 9 7 4 . I t  used 3 4 2 . 3  mi l l ion barr e l s  o f  
g a s o l ine for h ighway t ransportat i on i n  1 9 7 3 , and 5 2 8 . 8  mi l l ion 
barre l s  of keros ine , d i s t i l l ate fue l s , and r e s idual f �e ls in 
1 9 7 4 . 2 5 2 . 0  mi l l ion b arre l s  were used d i rec t ly for heat ing 
and 1 5 4 . 6  mi l l ion for e le c tric power gene ration . In 1 9 7 3 , 
the uti l i ti e s  s o ld 1 . 6 7 quadr i l l i on Btu ' s  in the Mid-Atlan t i c  
Region . 

The S outh Atlantic Reg ion produce d  3 9 , 0 1 9  thous and barr e l s  
o f  crude petro leum i n  1 9 7 4 . I t  used 4 0 2 . 2  mi l l ion barre l s  o f  
g a s o l ine for highway tran s port a t i on i n  1 9 7 3 , and 3 6 2 . 3  mi l l ion 
barre l s  o f  kero s ine , d i s t i l late fue l s , and res idual fue l s  in 
1 9 7 4 . 7 3 . 2  m i l lion barre l s  wer e  used d i re c t ly for heating , 
and 1 5 6 . 8  mi l l ion for e le c tric powe r generation . I n  1 9 7 3 , 
the ut i l i t i e s  s o l d  1 . 3 1 quad r i l l ion Btu ' s o f  gas in thi s  re gion . 

The E a s t  North Central Reg i on produced 5 9 , 5 8 1  thous and 
barre l s  o f  crude pe trol e um in 1 9 7 4 . I t  used 4 5 7 . 0  mi l l ion 
barre l s  of gasol ine for h i ghway tran s portation in 1 9 7 3 , and 
2 8 2 . 7  mi l l ion barre l s  of ker o s ine , d i s t i l late fue l s , and 
r e s idual fue l s  in 1 9 7 4 . 1 2 9 . 0  mi l l ion barre l s  we re used 
directly for heat ing , and 3 5 . 4  mi l l ion for e l ec tr i c  power 
gene ration . I n  1 9 7 3 , thi s  reg i on bought 3 . 9 6 quadr i l l ion 
Btu ' s  o f  gas from the uti l i ty compan ie s . 

The E a s t  S outh C entral Reg i on produced 7 2 , 7 0 8  thous and 
barre l s  o f  crude o i l  in 1 9 7 4 . I t  used 1 6 5 . 0  mi l l ion barre l s  
o f  gas o l ine f o r  h ighway transpor tation in 1 9 7 3 , and 8 3 . 5  
mi l l i on barre l s  o f  kero s ine , d i s t i l l ate fuel s ,  and r e s idual 
fue l s  in 1 9 7 4 . 1 6 . 3  mi l l i on barre l s  wer e  used directly for 
he ating and 1 1 . 6  mi l lion for e le c tric powe r gene rati on . I n  
1 9 7 3 , i t  p urcha sed 0 . 9 2 2  quadr i l l i on B tu ' s  o f  g a s  from the 
uti l i ty compan i e s . 

The We s t  North Central Reg i on produced 8 8 , 5 4 9  thousand 
barre l s  of crude pe troleum in 1 9 7 4 . It used 2 1 3 . 7  mi l l ion 
barre l s  of gas o line for h ighway transportation in 1 9 7 3 , and 
1 0 0 . 9  mi l l ion barr e l s  of kero s ine , d i s ti l l ate fue l s , and 
r e s idual f u e l s  in 1 9 7 4 . 3 9 . 5  mi l li on barre l s  were used 
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directly for heatin g , and 6 . 4  mi l l ion for e l e ctric power 
generation . I n  1 9 7 3 , the reg ion purchased 1 . 7 8 3  quadr i l l ion 
B tu ' s  o f  gas from the uti l i ty comp an i e s . 

The We s t  South Central Region produced 6 8  percent o f  
dome s tic c rude petro leum i n  1 9 7 4 . Ove r 2 0 0 , 0 0 0  person s  were 
emp loyed i n  extraction and r e f ining . The region had a 
population o f  2 0 , 5 8 4 , 0 0 0  and a labor force o f  8 , 5 0 9 , 0 0 0  w i th 
4 . 7  percent unemp loyment . Ene rgy -re l ated sour c e s  o f  employment 
we re : 

Coal Mining 

P etro leum and Gas Extraction 

P etroleum Re f i ning 

NUMBER 
EMPLOYED 

1 , 0 0 0  

1 6 1 , 0 0 0  

4 3 , 3 0 0  

WAGES 
( $  MI LLION )  

1 1 . 9  

1 , 7 0 7 . 6  

5 3 7 . 6  

SMSA ' s  with over a mi l l ion inhab i tant s on Apr i l  1 6 , 1 9 7 5  were : 

D a l l a s -F t . Worth , TX 2 , 4 6 4 , 0 0 0  

Hous ton , TX 2 , 1 6 8 , 0 0 0  

New Orlean s , LA 1 , 0 8 3 , 0 0 0  

The reg ion p roduc ed 2 , 1 9 3 , 7 6 2  thous and b arre l s  o f  crude 
in 1 9 7 4 . I t  u s ed 2 7 4 . 9  mi l l ion barr e l s  o f  gasol ine for 
h ighway tran sportati on in 1 9 7 3 ,  and 1 8 7 . 2  mi l l ion barre ls o f  
kero s ine , d i s t i l late fue l s , and re s idual fue l s  in 1 9 7 4 .  
1 9 . 8  mi l l ion barr e l s  were used d i rectly for heating , and 
2 7 . 2  m i l l ion for e lectric power generation . In 1 9 7 3 , the 
reg ion used 3 . 2 6 quadr i l l ion Btu ' s  of gas . 

The Mountain S t ate s had a popu lation o f  9 , 4 1 1 , 0 0 0  in 
1 9 7 4 . The l abor force cons i s ted o f  4 , 0 1 8 , 0 0 0  with 5 . 3  
perc e n t  unemp loyed . �ne rgy - re l a te d  sources o f  emp loyment 
we r e : 
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NUMBE R  WAGES 
EMPLOYED ( $ MILL I ON )  

Coal Mining 2 , 5 0 0+ NA 

P e tro l e um and Gas Extraction 2 2 , 8 0 0  2 3 5 . 9  

P e tro leum Re fining 3 , 4 0 0  4 0 . 5  

Large SMSA ' s  in 1 9 7 5  were : 

Denve r -Boulder ,  CO 1 , 3 7 7 , 0 0 0  

Phoeni x , AZ 1 , 1 2 7 , 0 0 0  

The region produced 3 5 0 , 9 8 6  thous and barre l s  o f  c rude 
in 1 9 7 4 . I t  used 1 2 7 . 0  mi l lion barre l s  o f  gaso l i ne for 
hi ghway tran s portation in 1 9 7 3 , and 8 3 . 9  mi l l ion barre l s  o f  
kero s ine , d i s t i l l ate fue l s , and res idual f ue l s  in 1 9 7 4 . 
1 4 . 9  mi l l ion barre l s  were used d i re c tly for heating , and 1 2 . 5  
m i l lion for e lectric power generation . The re gion purchased 
1 . 0 3 quadr i l l ion Btu ' s  o f  gas from the uti l i ty compan i e s  in 1 9 7 3 . 

The Pac i fi c  Region inc lude s Hawa i i  but not Alaska . I t  
had a popul ation o f  2 7 , 4 9 6 , 0 0 0  i n  1 9 7 4 , a labor force o f  
1 1 , 9 4 0 , 0 0 0 , and a n  unemp loyment rate o f  7 . 6  percent . 
Energy -re lated source s o f  emp loyment were : 

NUMBER WAGES 
EMPLOYED ( $ MILL ION ) 

Coa l Mining Und e r  5 0 0  NA 

Petroleum and Gas Extraction 1 8 , 3 0 0  2 1 7 . 4  

P e tro leum Re fining 1 5 , 0 0 0  1 9 0 . 8  
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Large SMSA ' s  in 1 9 7 5  were : 

Anahe im-S anta Ana 
Garden Grove , CA 

Lo s Ange les -Long Beach , CA 

Portland , OR 

Rive r s ide-San Bernad ino
Ontar i o , CA 

S an D i e go , CA 

S an F ranc i s c o -Oakland , CA 

S an Jose , CA 

Seatt l e -Evere tt , WA 

1 , 5 9 7 , 0 0 0  

6 , 9 2 4 , 0 0 0  

1 , 0 6 2 , 0 0 0  

1 , 1 9 7 , 0 0 0  

1 , 4 7 0 , 0 0 0  

3 , 1 4 3 , 0 0 0  

1 , 1 5 6 , 0 0 0  

1 , 3 8 3 , 0 0 0  

The reg ion produced 3 2 3 , 0 0 0  thous and barre l s  o f  crude 
in 1 9 7 4 . I t  used 3 2 1 . 7  mi l l ion barre l s  o f  g a s o l ine for 
h ighway transportation in 1 9 7 3 , and 2 1 2 . 4  m i l l ion barre l s  o f  
keros ine , d i s ti l late fue l s , and re s idual fue l s  i n  1 9 7 4 . 2 7 . 4  
mi l l ion barre l s  were used directly for heating , and 8 1 . 3  
m i l l ion for e le c tr i c  power generat ion . The region purcha sed 
2 . 2 6 quadr i l l ion Btu ' s  of  gas from the uti l i ty compani e s  in 
1 9 7 3 .  

Alaska produc ed 7 0 , 6 0 3  thous and bar r e l s  o f  crude o i l  in 
1 9 7 4 . I t  used 2 . 5  m i l l ion barre l s  o f  g a s o l i ne for h ighway 
transportation in 1 9 7 3 , and 2 . 5  mi l l ion barre l s  o f  kero s ine , 
d i s t i l late fue l s , and res idual fue l s  in 1 9 7 4 . 3 . 1  mi l l ion 
bar r e l s  were used directly for heating , and 0 . 4  mi l l ion for 
e le c tr ic power gene r ation . Alaska purch a s ed . 0 2 7  quadr i l l ion 
Btu ' s  of natural gas from the uti l i ty c ompany in 1 9 7 3 .  
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B .  Subreaiona l Descriptions 

1 .  Gu l f  o f  Mexico 

1 . 1  Phy s iography , Oceanography , and Cl ima te 

Phys i ography 

. . .  The Gul f of Mexico presently r epres ents a 
s ub s iding o c e an b a s i n  parti a l ly f i l led with s ed iment . 
The aby s s a l  Gu l f  i s  underlain by a s imatic ( ocean i c  
type ) cru s t ; Wi lhe lm and Ewing ( 1 9 7 2 ) b e l i eve that thi s 
crust devel oped to the late Paleo zo i c . I n  the Jur a s s i c  
( about 1 5 0  t o  1 8 0  mi l l i on years ago ) the Gulf was a 
s ha l l ow enclosed s e a  s imi lar to the pre s ent Caspian S e a  
in s outhwe s t  A s i a  and extens ive evapor i te s  o f  s a l t  and 
anhydr i te were depo s i ted . I s o l ation of the Gul f waters 
may have been c aused by exten s ive growth of carbonate s 
acro s s  the we s t  F l orida s he l f  to the Yucatan Penins ula . 
Sub s idence o f  the Gul f wa s a s  great a s  1 0 , 0 0 0  feet 
during the Cretaceous . The opening o f  the Gul f occurred 
dur i ng the Laramide moun tain bui lding revolution 
( C re taceous to P a leocene ) when the c arbonate growth was 

r etarded . S ub s equent eros ion between F lorida and the 
Yucatan has cons tructed an extens ive opening to the Gu l f  
bounded b y  the Campeche s lope and e s carpment on the 
southwes t  and the F l o r ida s l ope and e s carpment to the 
north e a s t . S ub s i denc e , s edimenta tion , and ero s i on have 
bui l t  the submarine topography . 

The continental she l f  i s  a gently s l oping submarine 
plain ( l e s s than 1 ° ) of  varying width forming part of 
the border o f  the continent out to a water depth of 
approximately 4 5 0  f ee t ,  at wh ich po int the continental 
s lope begins . The continental s l ope has a s teeper 
gradient ( approaching 5 ° ) , extending f rom the continental 
she l f  to the oceanic depths . The northea s tern Gul f 
s he l f  var i e s  in width from about 1 2  m i l e s  o f f  the 
Mi s s i s s i pp i  River de l ta to about 1 4 0  mi l e s  o f f  Cry s tal 
River , F lo r ida . . .  

Note : Al l i n fo rmation i n  S ection J . B . l  was taken from the 
Department o f  the In ter ior , Bureau o f  Land Management , 1 9 7 5  
Env ironmental Impac t S tatement for the Gul f o f  Mexico OCSLe a s e  
S a l e  # 4 1 . T h e  indented ma terial has b e e n  quoted directly from 
Vo lume I o f  th i s  document .  
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Geologic Ha z ards 

A number of important geologic h a z ards occur in 
the o f f shore Gu l f  of Mexico . In the Texas o f f s hore 
area the po s s ib i l ity o f  b l owouts exi s t s  due to the 
pr8sence of shal low ( about 1 0 0 0  f t . depth ) gas depo s i t s 
within the sed iment s .  Deeper high pre s s ure zones can 
a l s o  cause b lowouts dur ing the dr i l l ing opera tion . A 
third ha zard i s  s o f t  p l a s t ic sea f loor laced with 
sur f i c i a l  faults whi ch can present unstable foundations 
for r ig s . A fourth ha zard can occur i n  rough s ea f loor 
condi tions where coral head s , sharp ree f s  and s tructural 
troughs oc cur . Damage to the rig in areas of poor ly 
described roughne s s  can oc cur by j amming the legs or 
having l e g s  s l i p  o f f  rough surface s .  The prob lem of 
loc a t ing r i g s  on a s o f t  p la s t i c  sea f loor is compounded 
in o f f  shore Lou i s i ana along the s teeper s lope s of the 
Mis s i s s ippi River d e l ta pr imar i ly o f f  Ma in South and 
Southwe s t  P a s s e s  . . .  

Other h a z ards inc lude s ub s idence and/or r i s e  in s e a  
leve l al ong the coas tal land s o f  Texas and Loui s i ana , mud 
s l ides in the Mi s s i s s ippi D e l ta , s ubmerged Kar s t  topography 
( i rregular topography ) which pres ents lo s t - c i rculation zones 

dur ing dri l l i ng operations , high geopre s s ure in Mi s s i s s ippi , 
earthquake s , ac tive faults , hydroc arbon seeps and unstable 
s ee p  mounds , in the o f f shore Gu l f . Ba thyrne tric prominenc e s  
formed b y  coral growth , r e e f  s c arp s  and troughs a l s o  p o s e  a 
haza rd to instal lation o f  o f f s hore fac i l i tie s . 

Phy s ical  Oc eanography 

Ci rc u l ation in the Gul f  o f  Mexico i s  irregular and i s  
domina ted by the ' Loop Current ' whi c h  i s  s trong e s t  be tween 
late s ummer and winte r .  The Loop Current , composed o f  warm 
Car ibbean waters , extends as far no rth as the Mi s s i s s ipp i 
de l ta and eddy currents o f f  the ma j o r current account for 
northern growth s  of cora l ree f s  o f f  F lor ida and �exas . 
Wa ter movements in the G� l f  o f  Mex i co are contro l l ed by 
f r e s hwa ter i n f low f rom land , currents s e t  up by wind s , 
c urrents a n i  wa t e r  t r an s?o= t i � d u c e d  by s urface grav i ty 
w a v e s , t i d a l  c u r r e n t s , c u r r e n t s  a s s oc i a � e d  wi th interna l 
w a � e s , and m2ve�e n t  o f  wa te r ma s s e s  ��e to dens i ty 
d i f f eren c 2 s . F i g� r e  J - 2 3  presents the gene ral surface 
c i r c u l a � �on o f  t � e  Gu l f  o f  �ex ico . 

The t � d e s  i n  t h e  Gul f are we akly deve loped and have a 
r a n g e  g2ne r a l ly l e s s  than 0 . 7 me ter s . Tida l regiQe s for the 
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F inal Env ironmenta l  S tatement , Gul f o f  Mex i c o , OSC Sale No . 4 1 , Vo l .  1 ,  
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Gu l f  are d i s p l ayed i n  F igure J- 2 9 .  Though the tidal  range 
is sma l l , t i d e s  do h ave an important ro l e  in modi fy i ng 
c ur rents and water movement through narrow pas sage s . 

C l imate 

The c l imate o f  the Gu l f  of Mex i co region is broad ly 
determined by the huge continental land mas s  ly i ng to 
the north and wes t ,  the subtropical  lati tude , the 
i n f luence o f  the pers i s tent Atlantic h i gh-pr e s s ure 
sys tem ( Be rmuda-Azores ) and the warm waters o f  the 
Gulf i t s e l f  . . .  

The Azores -Bermuda atmosphe r i c  h i gh pre s s ure 
c e l l  dominate s the c irculation over the Gul f , 
particularly dur ing the spr i ng and s urruner months . 
I n  late s umme r  ther e  i s  gene r a l  northward s h i f t  
o f  the c ircula tion and the Gul f  comes unde r  the mor e  
d i r e c t  i n f luence o f  the equato r i a l  low pre s sur e  be lt . 
Dur ing the re lative ly cons tant summer cond i t i ons , the 
s outher ly po s i t ion of the A z o r e s - Bermuda c e l l  brings 
about pre dominance o f  s outhe a s te r ly wind s . The w i nds 
tend to become more s ou the r ly i n  the northern part 
of the Gu l f . Dur i ng the wi nter , winds usua l ly b low 
from e a s ter ly directions wi th f ewer s outher l i es but 
more northe r l i e s . Winds from wes t  and s ou thwes t  are 
rare anytime dur ing the year . 

Near the Gulf coa s t  winds are more var i ab le than 
over the open wate r s  of the Gul f  becau s e  the coastal  
winds fall  mo re directly under the i n f luenc e o f  the 
movi ng cyc lonic s torms that are chara c te r i s t i c  of 
the continent . . .  

The larg e s t  and mos t  d e s t ructive s to rms a f f e c ting 
the Gulf of Mexico and ad j acent coastal  zone are trop i c a l  
cyc lone s . The s e  have the i r  o r i g i n  over the warm trop i c a l  
waters o f  t h e  c en tral Atlan t i c  Ocean , Car ibbean S e a  o r  
s outhe a s tern G u l f  o f  Mexi c o . They occur mo s t  frequently 
b e tween June and late October ( Browe r , e t  a l . , 1 9 7 2 )  and 
the r e  i s  a re lative l y  high probab i l i ty tha t trop i c a l  
cyc lones w i l l  c a u s e  damage i n  the Gul f o f  Mex i co e ac h  
year . Stat i s t i c s  f o r  hur r i c anes a n d  trop i c a l  cyclones 
are o f ten lumped together s ince i t  i s  o f te n  d i f f ic u l t , 
e s p e c i a l l y  in the o lder records , to determine the 
s torm intens i ty whi le at s e a . The probab i l i ty o f  a 
trop i c a l  cyc lone or hurr i cane inf luenc ing the north
centra l Gu l f  coa s t  dur i ng any g iven year is one in 
s ix . . . 
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1 . 2  Re sourc e s  - - D e s c ripti on and P r i nc i p a l  U s e s  

The princ i p a l  re source value o f  the Gu l f  r e s ides i n  
i ts tremendou s b i o logical productivity . What f o l lows i s  
a descripti on o f  that resource . 

Comme r c i a l  Re sour c e s  

T h e  G u l f  o f  Mexico i s  by f a r  the mo s t  produc tive f i s hery 
region in the Un i ted S tate s , with much of the ac tivi ty 
concentrated near the Mi s s i s s ippi De l ta . Gul f  l andings 
account for over 30 percent o f  the entire U . S .  catch . The 
p roduc tivity of the Gu l f  is cons idered s econd only to that 
of the P e ruvian coas t .  

The Gu l f  f i shery i s  dominated by shr imp , crab and 
oys ter she l l f i sher i e s  which are genera l ly worth thr ee or four 
time s as much as the f in f i sh . P ink , wh i te and brown shr imp 
and b lue crabs are the ma j or commerc i a l  spe c i e s . The f i n f i s h  
indus try i s  dominated by menhaden , which a r e  proc e s s ed to 
produc e o i l , f i s h  mea l  and so lubl e s . 

Tab le J - 1 0  presents 1 9 7 3 - 1 9 7 4  landings for the Gul f S tate s 
whe re 9 7 . 5  percent o f  the commerc i a l  f i sher i e s  c atch i s  made 
up o f  e s tuarine-dependent spec i e s . The s e  spec i e s  are 
par ti c u larly vu lnerab le to pol lution in troduce d  by r iver 
d i s charge and tidal a�tion . 

Gu l f  
A l abama 

F l o r i d a  ( G u l f )  

Lou i s i a n a  

M i s s i s s i p p i  

T e x a s  

TABLE J-1 0 

LANDINGS BY STATE S  FOR GULF OF MEXICO 
1 9 7 3 - 1 9 7 4 1 

1 9 7  3 1 9 7 4  
THOUSAND THOUSAND THOUSAND 

POUNDS P E RCENT DOLLl\RS P E RCENT POUNDS PERCENT 

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

3 9 , 7 4 9  2 . 6  l B , 0 8 0  6 . 8  3 6 , 9 6 2  2 .  l 

9 9 , 2 0 0  6 . 4  4 3 , 4 6 2  1 6 . 2 1 0 4 , 6 6 2  5 .  9 

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

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

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

1 
d

. . . . Lan ing s in inte rior water s are e s timated . 

J -- 5 9 

THOUSl\ND 
DOLLI\ RS P E RCENT 

2 4 0 , 8 3 6  

1 7 , 0 8 7  7 . 1  

4 8 , 2 4 5  2 0 . 0  

8 6 , 6 9 4  3 6 . 0  

1 6 , 3 5 5  6 .  8 

7 2 , 4 5 5  3 0 . 1  



Biological  Re sour c e s  

T h e  l ength and b i o lo g i c a l  divers i ty o f  the coa s t  
o f  the e a s tern Gu l f  o f  Mexico ( F lorida ) exceed tho s e  o f  
any o f  the o ther Gulf state s . Tida l swamp s and mar shes  
f r inge the entire coast and submerged vegetation b l ank e ts 
mos t  o f  the sha l low-wa ter bo ttom . Th i s  diver s i ty 
supp l i e s  habi tat for numerous spec i e s  o f  wi ld l i f e  ( many 
of them endemi c ) a s  we l l  a s  some sub- tropi c a l  b i rds . 

The paramoun t fea ture o f  the central Gu l f  coa s t  i s  
the Mi s s i s s ippi River de l ta and i t s  a s s o c i ated s even 
mi l l ion o r  more acres of mar s h  and e s tuar i e s . The 
Mi s s i s s ippi water shed cove r s  about one - th i rd of the 
Un i ted S tate s , and the resultant freshwa te r d i s charge 
i s  re spons i b l e  for the ma j or s a l twater di lutions with i n  
the c entra l Gu l f  coa s t  reg ion . The e s tuar i e s  o f  
Lou i s i ana , t h e  mo s t  extens ive in the Gul f ,  supports the 
thi rd larg e s t  shr imp production and the s econd lar ge s t  
oyster produc tion in the Uni ted S tate s (U . S .  Dep t . o f  
Comme rce , 1 9 7 5 ) . 

E a s t  o f  the Mi s s i s s ippi De l ta , the proportion o f  
e s tuar i e s  to the coastal zone dimini shes and be comes 
more commonly characte r i zed by high ene rgy s and beache s . 
The we tlands wh i c h  are present are extreme ly valuab l e  
in terms o f  b i o logical produc tivity . 

Along the northwe s t  Gu l f  Coa s t , the mar s h lands 
dimi n i sh rapid ly into a narrow band along the coast , 
and are nearly absent in the s emiarid re gions o f  south 
Texa s . A s i gni f i cant portion o f  the coa s ta l  zone , 
however , i s  compo s ed o f  a va s t  sys tem o f  bays and 
l agoons whi c h  are engendered for the mo s t  part by the 
e xten s ive s y s tem o f  barr i e r  i s lands . 

Many o f  the areas found in the coastal and o f f shore 
regions are of parti cular importance for the i r  aes the t i c  
value , as hab i t ats for rare and endan gered spec i e s , or as 
a s s emb lag e s  particularly s e n s i tive to po l lutants and phy s i c a l  
mod i f icati ons . Table J- 1 1  presents the rare and endangered 
s pe c i e s  of the Gul f Re gion . 

Mo s t  o f  the s e  key habitats are e s tuarine ; however , the 
ree f commun i t i e s  o f f shore of Texas and F lorida are of intere s t  
a s  the northe rnmo s t  thr iv ing tropical shal low wate r coral 
ree f s  in the Gulf of Me xico . The Eas t and Ne s t  F lower 
Ga rde n b anks are located southe a s t  o f  Galve s ton , Texa s , on 
the outer edge of the conti nental s he l f . The reef bu i l ding 
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TABLE J - 1 1  

SPECIES W I T H  RARE , ENDANGERED , O R  
PERIPHERAL S TATUS I N  THE GULF O F  MEX I CO 

SPEC IES 

BROWN PELI CAN 

F LORI DA GREAT WH ITE 
HE RON 

FLORI DA EVERGLADE 
K ITE 

S OUTHE RN BALD EAGLE 

ARCT I C  PE REGRENE 
FALCON 

ATTWATE R ' S  GREATER 
P RA I RIE CHICKEN 

CAPE SAB LE S PARROW 

AMERI CAN ALLIGATOR 

AME RI CAN CROCOD I LE 

GREEN TURTLE 

RE D WOLF 

FLORI DA MAL"J.Z\TEE 

S TATUS 

ENDANGERE D  

RARE 

ENDANGERE D  

EN DANGERE D  

ENDANGERED 

ENDANGERED 

ENDANGE RED 

ENDAN GE RE D  

PERI P HERAL 

PERIPHERAL 

ENDANGERED 

ENDA.�GE RE D  

J- 6 1  

D I S T RI BUT ION 

BRE E DS ON I S LANDS ALONG 
GULF FROM F LORI DA TO TEXAS 

BREEDS IN F LORIDA KEYS , 
FLORI DA BAY AND S .  PEN IN-
SULA OF FLORI DA NORTH TO 
CAPE ROMANO 

F RE S H  WATER MARS HE S OF 
S OUTHERN F LORI DA 

NESTS IN ES TUARINE AREAS 
F ROM FLOR I DA TO TEXAS 

IN MIGRAT I ON ALONG T HE 
BEACHES OF OUTER GULF 
COAST I S LAN DS 

D I SJUNCT POPULAT I ONS IN 
TEXAS 

F RE S H  AND BRACKISH WATER 
MARSHES IN SOUTHWESTERN 
F LORIDA 

MIS S I S S I P P I  WEST T O  CORPUS 
CHRI ST I ,  TEXAS 

S .  F LORI DA AND F LORIDA 
KEYS 

GULF COAST WATE R  - PRESENT 
DURING S UMMER .  MAY NEST 
ON FLORI DA COAST 

S OUTHEAS TERN TEXAS AND 
SOUTHWE STERN LOU I S I ANA 

COASTAL AREAS OF F LORI DA 



TABLE J- 11 ( CONT . )  

SPECIES 

WHOOP ING CRANE 

FLORIDA SANDH I LL 
CRANE 

ESKIMO CURLEW 

AME RI CAN IVORY B ILLED 
WOODPECKE R  

RED COCKADE D WOOD
PECKER 

F LORI DA PANTHE R 

KEY DEE R  

HOUSTON TOAD 

S TATUS 

ENDANGE RE D  

RARE 

ENDANGERED 

ENDANGE RE D  

ENDANGERED 

ENDANGERE D  

ENDANGE RED 

ENDANGE RED 

DIS TRI BUT ION 

WINTE RS AT ARANSES N AT I ONAL 
WI LDL IFE REF UGE , TEXAS 
AND NEARBY GUL¥ COAS T 
I S LANDS 

WEST P RAI RIES OF PENINSU
LAR F LORI DA AND S O UTHERN 
MI S S I SS IP P I  

S P RING MIGRANT S ON TEXAS 
COAS T 

S OUTHEAS T TEXAS 

OPEN , OLD P INE WOODLANDS 
IN GULF COAST REGION -
F LORI DA TO EAS TERN TEXAS 

F OUR COUNTIES IN F LORI DA 

KE Y DEER NAT I ONAL WI LDLIFE 
REF UGE , F LORIDA 

LOBLOLLY P INE , HOUSTON 
TEXAS 

Source : Wi l l i am F .  Gu sey , Petro l eum Product ion and 
F i s h  and Wi ldl i fe Re s ou rc e s , The Gul f o f  �Jex i c o , c:ook I n  ls t ,  
Al ask s , S anta Barbara Channe l ,  C a l i forn i a , Append ix 6 .  ----------------'--------·- " · .. 

J- 6 2  



cora l s  Por ites  a s teoide s , Monta s tria annu lar i s ,  Mo ntastrea 
c averno s a  and D i o l o r i a  spp . a r e  the s ame a s  tho s e  found i n  
Bermuda , though n o  a lcyona r i an cor a l s  a r e  p r e s e n t  in the 
We s t  F l ower Garden . 

The bays , e s tuar i e s  and as s o c i ated s a l t  mar s he s , a s  
mentioned e a r l i e r , function a s  hatche r i e s  and nur s e r i e s  for 
numerous spec i e s  of marine and e s tuar ine f i s h and inver tebrate s . 
The s a l t  mar s he s wh ich line much o f  the Gu l f  Coa s t  e xc luding 
Texa s , and that are qu i te extens ive in S outhea s tern Loui s i ana , 
are ex treme ly productive . They supp ly a s ign i f icant quant i ty 
o f  primary produc tion i n  the form o f  de tritus to o f fs ho re 
Gu l f  wate r s . S everal low s a l i n i ty conunun i t i e s  are conunon in 
the uppe r  e s tuar i e s . Oyster ree f s , domina ted by Cra s s o s trea 
virgin i ca , Spartina-Juncus mar s he s , and mangrove swamp s , are 
such conununi tie s . 

Mangrove swamps are re s tr i c ted to the southern ha l f  o f  
the F lorida Gu l f  c o a s t  and some o f  the barr ier i s l ands i n  
Lo uis i ana by temperature constraints . The s e  swamp s , 
dominated by three spe c i e s  o f  mangrove , suppo rt a low 
di ver s i ty o f  p lant s pe c i e s  but support many anima l  spec i e s , 
particularly b i rd s . Egre t s , heron s , ibi s , duck s , kingf i sher s , 
c rab hawk s , s ti l t s  and p e l icans feed on e s tuarine f i sh and 
i nver tebrate s found in the swamp s . F lo r ida mangrove swamps 
a l so s erve a s  nur sery grounds for menhade n ,  b l ack mu l le t ,  
s po tted s e a  trout , s nook ta rpon , red drum , mangrove snapper , 
pompano and p ink shr imp . 

The bar r i e r  i s l ands a long Texa s , Lou i s i ana and F lorida 
are composed p rimar i ly o f  h i gh energy beache s . They provide 
e s s ential hab itat for shore and wading b i rd rooke r i e s  and 
for the logge rhead turtle . 

Populat ion and Employment 

The Gu l f  o f  Mexico region i s  a ma j or supp l ie r  o f  crude 
o i l , petroleum products and natural gas to other reg ions o f  
t h e  Un i ted S tate s . Much o f  the economy and growth o f  the 
coa s tal area is governed by the s e  o i l  and gas activi tie s .  
Tab le J- 1 2  presents population and emp loyment data for 1 9 7 0 . 
I n  a l l  a r e a s  emp loy�ent and persona l income are sma l l er 
p e r c e � t a g e s  o f  t h e  n a t ional f i gures than po9ulation . A 
s ig n i f i cant t r e 1' d  in the s e  f ive s ta t e s  ha s been the d e c l i n e 
o f  : a rs ernp l c y�e n t  and an increa s e  in emp loymen t in man ufac
tur i n g , m i n i n g , c on s truc tion , tr anspor tation and s e rv i c e s . 
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Total Population 
% of U . S .  

Total Employment 
% of U . S .  

Total Per sonal 
Incomel 
% o f  U . S .  

TABLE J- 1 2  

POPULATION AND EMPLOYMENT B Y  INCOME REGIONS 
ON GULF COAST COMPARED TO TOTAL U . S . , 1 9 7 0  

TOTAL U . S .  

2 0 3 , 8 5 7 , 8 6 4  
- -

7 9 , 3 0 6 , 5 2 7  
- -

7 0 8 , 5 8 3 , 9 3 1  

- -

WESTERN 
( Co a stal 
Texa s ) 

4 , 8 8 3 , 0 6 4  
2 . 4  

1 , 8 1 6 , 2 8 3  
2 . 3  

1 5 , 0 5 9 , 7 0 0  

2 . 1  

CENTRAL 
( C o a s ta l  

Loui s iana ) 

2 , 9 0 0 , 2 3 0  
1 .  4 

9 6 3 , 0 2 8  
1 .  2 

7 , 7 9 3 , 1 9 2  

1 . 1  

1 Total per s onal income in thous ands o f  1 9 6 7  dol lar s . 

EASTERN 
( Co a s ta l  M i s s . 
Al a . , F la . ) 

3 , 2 6 7 , 7 1 7  
1 .  6 

1 , 1 3 8 , 4 1 9  
1 .  4 

9 , 1 5 0 , 2 3 3  

1 .  3 



1 . 3 Environmental Qua l i ty 

Air Qua l i ty 

Preva i l ing meteoro logical condi tions a long the Gul f  
Coas t  are s uch that emi s s ions from o f f shore fac i l i ti e s  wi l l  
r emai n  over the s e a , whereas emi s s ions f rom nearshore 
opera tions may further d egrade a i r  qua l i ty over the coa s t a l  
l ands . Tab l e  J- 1 3  pres ents ambient a i r  qua l i ty s tandards 
app l i ed for each of the Gul f  C oa s t  S tate s .  Tabl e  J - 1 4  sum
mar i z e s  the Gul f  Coa s t  Ai r Qua l i ty Contr o l  Regions and the i r  
abi l i ty to mee � national s tandard s f o r  sul fur dioxide , 
s u s pended p articulate s ,  c arbon monoxide and oxidant s .  

A s evere air qua l i ty prob l em ex i s t s  a long the Texa s 
coas t ,  particularly in the Corpus Chr i s t i  and Hous to n  AQCR ' s .  
Photochemi c a l  oxidants are a ma j or probl em in the Upper Gul f  
Co a s t  Area o f  Texa s where mo s t  o f  the photochemi c a l  indus
tr i e s  and metrop o l i tan areas are concentra ted . 

Water Qua l i ty 

Current water qua l i ty pro b l ems exi s t  in ma j or metropo l i tan 
areas such a s  Hou s to n , New Orleans and Mobi l e , o r  areas o f  
conc entrated pe trochemi c a l  industr i e s . Other s o ur c e s  o f  
water pol lution a long the coa s t  a r e  f i s h  and o i l  proce s s i ng 
p l ants , pulp and paper mi l l s , foundries and sme l te r s . 
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TABLE J- 1 3  

STATE AMBI ENT � I R  QUALI TY S TAND�RDS ( P�IMARY/S ECON DARY ) 

( GULF COAST STATES )  

FWRi l>A ALllBllHJI MISS ISS I P P I  LOU I S TllNI\ TEX/IS 

SUSPENOF:D PART.tCULJITE HllTTER 1111<J/m
3

) 1  

Annu� l qeo�e t r i c  me a n  60/60 ( 50 1
1 

75/60 75/60 75/60 75/60 

Haxl�um 2 4 -hour mean 150/1 50 ( 1 8 0 1  2 6 0/ 1 5 0  2 6 0 / 1 5 0  2 6 0/ 1 50 260/150 
-----------
COEF f l C I ENT OF llllZE 1  

Annual geome t r i c  mean - - - . 6  COll/1000 
l inear f t  

1\nnual a r i thmetic mean - - - . 7 5 COll/1000 
linear f t  

Maximum 2 4 - hour mean - - - 1 .  5 COll/1000 
l i near f t  

SULFUR 01-0X I OE ( mq/•
J

I '  

1\nnua l mean 60/60 ( 8 . 6 )  00/- 80/- 80/60 80/-

Maximum 2 4 -hour me�n 260/260 ( 2 8 . 6 )  1 6 5/- 1 6 5/- 165/260 ] 6 5/-

Ma ximum 4-hour mean - ( 5 7 . 2 1  

Ma ximum J-hour mean l JOO/J JOO -/l JOO - / l JOO -/lJOO -/l JOO 
Maximum 1-hour snean ( 2 8 6 )  

CARBON MONOXWE (mq/m
1

1 • 

Maximum 8-hour ll'll!a n  1 0 / 1 0  ( 1 . 9 1  10/ 1 0  10/10 1 0/10 10/10 

Maximum 1-hour mean 4 0 / 4 0  ( 1 4 )  40/40 40/40 40/40 4 0/ 4 0  
--·- ---

llYDROCllRBONS (m9/,.
3

1 • 
(Other than ""'thane . I  

Maxi mum )-hour Mean 1 60/160 160/160 1 60/160 1 6 0/1 6 0  1 6 0 / 1 60 

TOT/IL OX IDllNTS (mg/m3
) 1 

Annual mean 
Maximum 4-hour mean - - - 5 8 . 8/50 . 8  
Haxlnmm I-hour mei!'ln 160/160 1 6 0/ 1 60 1 60/160 160/160 160/160 

N ITRO<;EN DIOXIDE h•q/m
3

1 I 100/100 100/100 100/100 100/100 100/100 

Annual mean 100/100 100/100 100/ 1 0 0  100/ 1 0 0  100/100 -· ------· 
SULFURIC ACID HIST, SULFUR TRIOXIDE, 

OR /\NY COHBINATI ON (111<J/m
1

1 • 

Annual mean 
Maximum 2 4-hour lftP�n - - 1 2  

Haxl mum J - hour 11te�n - - JO 

1ParentheticA 1  values supp l a n t  s t� t e  values i n  Dnd�1 Brow a rd ,  3ml Palm Reach Coun ties . 

NllllQS 

75/60 

2 6 0/ 1 50 

80/-

3 6 5/-

-/lJOO 

1 0/10 

4 0/ 4 0 

1 6 0/160 

1 6 0/ 1 6 0  
----- ---- --

100/1 00 

) 00/100 
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TABLE J - 1 4  

N U MBE R O F  S TAT I ONS REPORT ING AND NUMBER OF S TA'l' I ON S  AT 
WERE EXCEEDED , BY AQCR ,  l 9 7 0 -"T97 4 

( GULF COAST S TATES ) 
5 U 5 r C N 0 [ 0  � A H T I C U L A T C 5  

A N N U A L  2 , . H O U A  A I a 
Q U A L I T Y  

C O lj f R D L 
• C • I D N 

Y ff  I • >  I )  I I )  I )  
S T A  s e c  ' R I S T • s r c  P A I  

U G I C U o H I  I l l  6 0 7 5  1 2 1  1 5 0 2 6 0  
' · ' · " :  

0 0 5  H 0 b l L C - r c N 5 A C D L • - r • N • H •  C I T Y ·  
S o  H I S S I A L A • ' L • H l 5 5 1  7 0  

0 , t  J A C K 5 0 N � I L L C • 8 A U N 5 w l C & 

i r u - , • 1 

0 5 0  5 0 U T H C A 5 T  ' L O R I O A  

0 5 1 5 0 U T H W C 5 T  ' L O A I D A  

0 5 2  w C 5 T  C C N T A A L r L O R I O A  

7 I 
1 1  
7 ]  
7 ,  

7 0  

7 1  

7 2  
7 ] 
H 

7 0 
7 I 
1 1  

7 ]  
7 , 

7 0  
7 I 

1 1  
7 1  
7 , 

7 0  

7 I 
1 1  
7 1  
7 ,  

I ,  I 

0 ? 
a ' 
l ? 
l I 

l l  I o  

1 1 1  
I I  5 
I 0 8 

2 I 

l I 

l 
a 

I 
I 

a 1 
a a 

1 1  
o a 
a o 

0 0 
0 0 
0 0 

1 1 1  
l I 
2 ? 

I 
0 ? 
0 0 

a 1 a 

' , a 

a s a 

I Z 6 I 1 
, a  1 2 

t I !I 
, I I 
' I 6 l 
' 2 '  1 1  
o s a 

a 
a 
a 

? H 
0 I 

0 
0 

0 
0 
0 

0 

0 
0 
0 
] 
0 

I 1 

? . �  
0 I 

a 
a 
0 
' 
a 

a 

a 

0 
0 
0 

0 

I 
0 
5 
0 

0 
0 
0 

l 
I 
' 
0 

0 
0 
0 
I 
0 

0 
0 
0 
0 
0 

0 

0 
0 

I 
0 

S U L f U A  0 1 n 1 1 o r 
A N N U A L 2 , • HA ] • H R  

I )  I I )  I ).  
S T A  5 T O  5 T A  S T O  5 T 0  
I I I  ft O  1 2 1  l 6 S  1 ) 0 0 

• 0 l • 1 ..  � !l 0 

I I  • 5 1  
0 0 , 0 
0 0 l 0 
I 0 I l I 
2 0 2 7  I 

1 2  o 2 6  a 

l • I I 
' 0 1 2  0 

J l I l I 
I O 6 o 

2 ? I 2 l 
I l 

I • O I 

I 0 

I 0 
0 0 

I O 

0 0 

I • 0 I 

0 
0 
0 

0 
a 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 t 0 
0 0 0 0 

8 • ] , 
l 0 ] 0 
] 0 ] 0 
] 0 ] 0 
I O I •  o 
0 0 l 0 

a 

0 
I 
0 
0 

0 

0 
0 
0 

0 
0 
0 

0 
a 

0 
0 
0 
0 
a 

0 
0 
0 
0 
0 

WHI CH S TANDARDS 

C a R S O N  H Q NO X f D C  
l • H R  8 • H R  

• >  • )  
S T A  S T D  � T O  
1 2 1  • O • 1 0 • 

B 

o I 

0 0 
a o 
I 0 

0 I 

a 
0 

0 0 
0 

I o 
0 0 

O J  
0 0 
0 0 
I O 

I O 
a o 

0 1 
0 0 
0 0 
0 0 
0 0 
0 0 

0 1  

0 0 
0 0 
a rt 
0 0 
0 0 

0 
n 
0 
0 
0 

0 

I 
, 
0 
0 

0 
0 
n 
0 
0 

(I 
0 
0 
0 
0 

a 

0 
0 

a 
0 

O X I O A l< Y S  
l • H R  

• • •  
5 T A 5 T O  
I 2 I I 4 0 

� 0 � 

5 1  
0 0 
o n 
2 1 
] 
2 

l I 
0 0 
I O 
l 0 
I a 
0 0 

Q I  

0 0 
0 0 
I o 
, 
a o 

f O I 

0 0 
o a 
0 9 
I I 
0 0 

I 0 I 

0 0 
0 0 
0 0 
0 0 
0 0 

N I  T A O , a H  
D ! o l ! O ( 

• > A  �l 
! H  S T D  
I I I  ! O Q 

0 I 
0 0 
0 0 

0 0 

0 0 
0 0 

0 I 
o a 

a o 

a o 
0 0 
0 0 

1 0  I 
0 0 

o a 
o a 

o a 
0 0 

0 ,  

0 0 
o a 

0 0 
o a 

o a 

I 0 I 
a o 

a o 
o a 

o a 
0 0 

Source : Mon i toring and Air Qua l i ty Trends Repo r t , 1 9 7 4 , EPA- 4 5 0 /1 - 7 6 - 0 0 1 , 
February 1 9 7 6 . 
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2 .  Southern C a l i fornia 

2 . 1  Phys iography , Oceanography , and C l ima te 

Phys iography 

The current o i l  produc tion s i te s  l i e  on the continental 
s he l f , o f ten c a l led the S outhern C a l i fornia Border land , 
which extends over 1 0 0  mi l e s  o f f s hore . The C a l i forn i a  
Borderland , u n l i k e  mo s t  continental shelve s , i s  h i gh ly 
convo luted , con s i s t ing o f  s even ma j or i s lands , nine ba s in s  
and s evera l r i d g e s  and banks ( s ee F i gure J - 3 0) .  The depths 
in the o ff shore region vary grea t ly . Submar ine r idge c r e s t s  
reach w i thin 4 me te r s  o f  the surface wh i le the l arger bas ins 
reach depths over 2 , 0 0 0  me te r s . 

A recent  1 9 7 4 - 1 9 7 5  U . S .  Geo lo g i c a l  Survey in the 
v i c i n i ty o f  Oxnard , Cal i forni a ,  revea led the presence o f  
f ive freshwa ter aqui fers o f f shore , four o f  wh ich extend out 
to the east s l ope o f  the S anta Barbara B a s i n . The o ther 
extends be l ow the b a s i n . 

There are a number o f  geologic ha z ards in Southern 
Cali fornia wh ich a ff e c t  o i l  produc t i on ac tivi ties  and the i r  
impacts b o th onshore and o f f shore . The greate s t  o f  the s e  i s  
earthquake s haking , wh ich may de s troy onshore fac i l i t ie s , 
create leaks in p l a t forms or p ipe l ine s , or cause natura l  
hydrocarbon s e epage from the ocean f loor . Th e entire C a l i 
fornia coa s t a l  reg ion i s  i n  a h i g h  s e i smic r i s k  zone . The 
S outh ern Cal i forn i a  Borderl and i s  located wi thin the c i rcum
P a c i f i c  s e i smic and vo lcanic b e l t  and ha s been tec toni c a l ly 
a c tive throughout much o f  Ceno z o i c  time . 

Othe r g e o lo g i c  ha z ards in the o f f shore and c o a s t a l  
reg ion inc lude l ands l id ing , f looding , ero s ion , fault d i s 
p l acement , vo lcanic ha z ards , tsunamic ha z ards and sub s i dence . 
O f  £ shore s eepage o f  gas and o i l  has  been found to oc cur 
b e twe en P o i n t  Conc eption ( S anta Barbara County ) and Hun ting
ton Beach ( Orange County ) , wi th the larg e s t  concentration in 
the S anta B arbara Channe l area . There are probab ly 5 0  or 6 0  
natura l o i l  o r  gas s eeps in the o f f shore area . 

Note : A l l  i n formation in S e c t ion J . B . 2 was taken from the 
Depar tment o f  the Interior , Bureau of Land Management , P ropo sed 
1 9 7 5  Outer Continenta l S he l f  Oil and Gas Gene ral Lease S a l e  
Cf f s hore S outhern Cal i fornia , OC S S a l e  No . j s . The indented 
mat e rial has been quo ted directly from thi s  docume n t . 
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No . 3 5 ,  
Sed . 

Department o f  the I n te rior , Final  Envi ronmental S tatemen t ,  OCS S a le 
Vo l .  1 ,  f rom D . G .  Moore , " S ubmarine Geology o f  San Pedro She l f . J . 
Petr . 2 4  ( 1 9 5 4 ) , plate 1 . ) 
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P h y s i c a l  O c e anogr aphy 

F i gure J - 3 1  g i v e s  a compo s i t e p i c ture o f  the s u r f a c e  
c i r c u l a t i o n  i n  t h e  r e g i o n  o f  the S o u th e r n  C a l i f o r n i a  
Borde r l i n e  a r e a s . � o r th o f  P o i n t  C o n c e p t i o n , the 
Ca l i f o r n i a  C u r r e n t  f lows s ou th e a s tw a rd wi th a mean 
s pe e d  of approxi�ate l y  1 5  c�/ � e c  ( 0 . 5 4  km/hr ) a n d  a 
vo l ume t r a n s por t o f  1 2  x 1 0  m� / s e c  ( P avl ova , 1 9 6 6 ) . 
T h e r e  i s  no t r u e  we s t e r n  e d g e  to th i s  c u r r e n t . More 
than 9 0  p e r c e n t  of the s o u the a s tw a r d  t r a n s p o r t i s  
w i th i n  8 0 0 km o f  the c o a s t  o f  C e n t r a l  C a l i f o r n i a  a nd i s  
l o c a t e d  a bo ve 3 0 0  rn d e p th ( S verdrup a n d  F l em i n g , 1 9 4 1 ) . 

Wi th i n  1 5 0 km o f  the c o a s t ,  n o r t h  o f  P o i n t  Conc e p 
t i o n , the s u r f a c e  c u r r e n t s  o f ten f l ow nor thwe s tw a r d  
a l ong the c o a s t  f r om a b o u t  Novemb e r  through F e b r u a r y . 
Thi s c oITu.11o n l y  p ::::- o d uc e s  an i n s ho r e  s u r f a c e  c o u n te r 
c u r r e n t  ( the D a v i � s o n  C u r r e n t ) , wh i c h  rema i n s  unti l the 
n o r thwe s te r l y  w i n d s  :::- e s ume in the s p r i :-i g . 

The S o uthern C a l i f or n i a  C o un t e r c u r r e n t  i s  a ne a r l y 
p e rmanent f e a tu r e  o f  t h e  f l ow p a t t e r �  i n  th i s  r e g i o n  
a n d  h a s  b e e n  f o u n d  to be we l l  deve l o p e d  i n  w i n te r  a n d  
w e a k  i n  t h e  s p r � n g  ( S c h�ar l o s e , 1 9 6 3 ) . I t s  l o c a t i o n  
may b e  i n f l u e n c e d  by the s h a p e  o f  t h e  c o a s t  a n d  the 
bo t tom t o po g r aFhy , as imp l i e d  by S ve r drup and F l em i n g  
( 1 9 4 1 ) . E s t i ma t e s  o f  s ur f a c e  s p e ed i n  t h e  S o u th e r n  

Ca l i f o r n i a  C o u n t e r cu r r e n t a r e  comp a r a b le to t h a t  o b s e rved 
i n  the C a l i f o r n i a  C ur r e n t  i t s e l f : 1 2  to 1 8  cm/ s e c  
( Sv e r d rup a n d  F l em i n g , 1 9 4 1 ) . T r a n s po r t  e s t i ma t e s  i n  
thi s b r a nc h  o f  the eddy a r e  o n l y  s l i g h t l y  le s s  than 
tha t c a l c u l a t e d  for the C a l i fo r n i a Current ( P a vl ova , 
1 9 6 6 )  a nd a p p e a r  t o  vary s e a s o n a l l y w i th the C a l i f o rn i a  
C u r r e n t  ( P av l o va , 1 9 6 6 ; S v e r d r up and F l e m i n g , 1 9 4 1 ) . 

A p e r s i s t e n t  n o r th to n o r thwe s t e r l y  f l ow i ng und e r 
c u r r e n t  i s  p r e s e n t  a t  d e p t h s  o f  mo r e  t h a n  1 5 0  t o  2 0 0  m 
and l e s s  th a n  5 0 0  to 8 0 0  m i n  the S o u th e r n  C a l i f o r n i a  
B i g h t . Woo s t e r  a nd Jo n e s  ( 1 9 7 1 )  f o und a s ub th e rmo c l i ne 
po l ew a r d  f l ow o f  warm , s a l ty ,  low oxygen w a t e r . The 
c e n te �  of the c ur r e n t c o n t a i n s  a s a l i n i ty max imum o f  
3 4 . 4  u ; o o  t o  3 4 . 6  O ; o o , a n d  a s i gma - t  ( i . e . , d e n s i ty )  
l ev e l  o f  2 6 . 5 4 .  Me a s ur emen t s  o f  s a l i n i ty a n d  d e n s i ty , 
wh i ch a r e  u s e d  t c  d e f i ne the d i s t r i b u t i on o f  the unde r 
c u r r e n t , s how th a t  the cur r e n t  i s  c o n f i n e d  by the 
c on t i n e n ta l s l ope in the b i gh t , wh e r e  i t  i s  2 0  km w i d e  
and 3 0 0  m t h i c k . I t  i s  b r o a d  o f f  Ba j a ,  C a l i f o r n i a  b u t  
n a r r o w s  t o  a th i n  c u r r e n t  over th e S o u th e r n  Ca l i f o rn i a  
c o n t i n e n t a l  s l ope , s e award o f  the 2 0 0  m i s cb a th . 
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F i gure J- 3 1 . Genera l i z e d  sur face c i rculation 
( 0 - 1 0 0  m)  in the Southern C a l i fornia borderland are a . 
( U . S .  Department o f  the I nterio r , F inal Environmental 

S tatemen t , Vo l .  1 ,  F igure I I - 1 8 , p .  1 3 4 , from J . H .  
Jone s , Genera l C i rculation and Water Characteri s ti c s  
i n  the Southern C a l i fornia Bight , Southe rn C a l i fornia 
Coa s ta l  Water Re s earch P ro j ect , 1 9 7 1 . ) 
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The near shore currents mea s ured over the continental 
she l f  s e award of the s ur f  zone appear to be dominated 
by the local wind , the tides , and the o f f shore geo
s troph i c  c urrent d irection . 

Daytime c urrent measurements a t  or near the s ur face 
record ve lo c i t i e s  in the range of 5 to 2 0  cm/ s e c , occa
s iona l l y  reach ing 3 6  cm/sec (Al lan Hancock Founda tion , 
1 9 6 5 ) . Currents c ommonly vary i n  direction up to 9 0 ° 
and some t ime s a s  much a s  1 8 0 ° .  Maximum veloc i t i e s  over 
the main land she l f  occur anywhere f rom the surf ace to 
near the bottom . U s ua l ly the ve l o c i t i e s  a re greates t 
at the s ur f ac e , being about twi ce tho s e  1 6  m b e l ow .  
S ewage and o i l  d i s charges wh ich have a den s i ty l e s s  
than l o c a l  s e a  water f loat and wi l l  b e  inf luenced by 
the s urface current direction and ve loc i ti e s . 

The tida l h e i ghts along the S o uthern Ca l i fornia 
coa s t  rang e  from about 30 cm to more than 2 m .  The 
time b e tween succ e s s ive h i gh ( o r  low ) tides var i e s  from 
about 1 0  to 1 4  hour s . 

O f f  the coast o f  S outhern C a l i forni a , the t ide 
wave move s from the southeast to nor thwe s t , f o l lowin g  
the c oa s t l i ne a t  s uc h  a rate a n d  inc i dent ang le tha t  
h i g h  t i d e  reache s P o i n t  Conception about 1/2  hour a f ter 
p a s s ing San D i e go . Al though the wave speed i s  nearly 
4 0 0  km/hour , the a s soci ated motion o f  f lu i d  partic le s  
( the tidal c urrent ) i s  a very sma l l  fraction o f  the 

wave speed ( o f  the order o f  2 0  cm/ se c )  . 

C l imate 

The S o uthern C a l i fornia coas tal and o f f shore area ha s a 
Med i terranean dry summer s ubtrop i c a l c l imate charac te r i z e d  
by warm , d r y  s ummer s  and mi ld , we t wi nters . Thi s  i s  caused 
by the locati on of Southern C a l i fornia on the s outhe a stern 
edge of the P ac i f ic H igh Pre s s ure Area ( P ac i f ic S ubtrop i c a l  
Ant icyc l one ) . Th i s  h i gh area force s  mo s t  o f  the l ow fronts 
tha t  deve l op to f o l l ow a course northward of the United 
S tate s , b r i nging about a stable we ather pattern that wou ld 
not o the rwi s e  exi s t . In wi nter the Pac i f i c  S ub trop i c a l  
An t i cyc lone weakens, permi tting the Aleutian Low ( s e a  s torms ) 
to invade a s  early a s  October ( U . S .  Coa s t  P i lot # 7 , 1 9 6 8 ) . 

Prevai l ing winds a long the S outhe rn Ca l i forn i a  Coa s t  
a r e  genera l ly from the northwe s t , f lowing para l l e l  w i th the 
coa s t  and averag ing 5 to 1 0  kno ts . As the coas t l i ne trends 
f low forward i n  an e a s t-we s t  direc t i on , the winds shi f t  to 
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a we s t - s outhwe s t  d irection ( U . S .  Coast P i lo t  # 7 , 1 9 6 8 ) . 
F i gure J- 3 2  s hows the annua l average wind speed and direction 
for the o f f shore area . 

S evere winds ( > 2 5  knots ) occur pr imar i ly from the 
northwe s t , predominantly in the spr ing . In the fa l l  and 
winter S anta Ana winds blow f rom the east and no rthe a s t . 
Some o f  the Channe l i s land s  are extreme l y  vulnerab le to 
the s e  wind s . 

Inver s ions , created by sub s iding a i r  f rom the P ac i f i c  
High P r e s sure Area , are c ommon i n  the summ.er . Coo l , s tab le 
marine a i r  is  trapped b e l ow a layer o f  warm , dry a ir . 
Natura l  partic l e s  and a i r  p o l lutants are trapped i n  thi s 
cool  a i r , caus ing a l ayer o f  ha z e  to e x i s t  i n  the a i r . 

2 . 2 Re sourc e s  - - D e s c r iption and P r inc i p a l  U s e s  

Commerc i a l  Re sour c e s  

T h e  coas tal and o f f shore wa ters o f  Southern C a l i forn i a  
are extreme ly produc tive and s upport a very d ivers e  mar ine 
f lora and f auna . The F inal E I S  for the OC S S a l e  # 3 5 conta i n s  
thorough d e s c r iption o f  the b i o t i c  commun i ti e s  found a long 
the coas t .  Here the focus i s  o n  the r e s ourc e s  o f  mo s t  
importance , the commerc i a l  s p e c ie s , rare or endangered 
spec i e s  and spec i a l  habi tats . 

Commerc i a l  f i sh ing in Southern C a l i forn i a  has 
l argely c on s i s ted of pe lagic we t f i s h  and tunas . P e lag i c  
wet f i sh inc l ude anchov i e s , sardine s , macke r e l s  and 
s quid . The we t f i s h  indus try ha s both d e c l i ne d  and 
changed in spec i e s  compo s i t ion . F o l lowing the dec line 
o f  the s ardine dur ing the per iod 1 9 4 5  to 1 9 5 2 , the 
anchovy became and i s  now the mo s t  impo rtant spe c i e s  i n  
the wet f i sh indu s try . T h e  anchovy , however , i s  no t 
pro c e s s ed a s  wetf i sh but reduced to f i s h  meal and o i l  
and i s  low , a l though increas ing , i n  p r i c e . According 
to S tephen ' s  ( 1 9 7 2 )  ca lculations from Frey ' s  ( 1 9 7 1 )  
data , the wetf i sh i ndus try i s  one - s i xth a s  productive 
now as i n  1 9 3 6 . The tuna c atch , l ikewi s e , ha s greatly 
decreased i n  s i z e  for local water s , and acco rd ing to 
S tephens ( 1 9 7 2 ) , i s  one-ha l f  as produc tive today as in 
1 9 3 6 .  Tuna f is hing is now a wor ldwide operation , and 
mos t  of the f i sh brought to Southern C a l i forn i a  are 
caught o f f  Centra l and So uth Ame r i c a  and We s t  Africa . 
About 9 4 %  o f  the 1 9 7 2  tuna catch wa s made outs ide o f  
the C a l i forn i a  waters b a s ed o n  pre l iminary data com
p i led by Be l l  ( 1 9 7 4 ) . 
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The tuna s : y e l lowf i n  tuna , s k i p j ack tuna , B l u e f i n  
tuna , and Pac i f ic boni to , dominate the l i s t  o f  Ca l i for n i a  
land i ng s . Ba s ed on data pr e s ented by Ol iphant and 
s ta f f  ( 1 9 7 3 ) , tuna s compr i s ed 6 3 %  o f  the we i ght and 8 3 %  
o f  the value of a l l  landings and sh ipments i nto C a l i for n i a  
i n  1 9 7 1 .  

Numerous she l l f i sh spec i e s  are commerc i a l ly important 
i n  Southern C a l i forni a .  The s e  include the sp iny lob s ter 
( Panu l i rus interruptus ) ,  four spec i e s  o f  abalone ( H a l i o ti s 
s p . ) ,  oysters , p i smo , ra zor , gaper and Wa s h i ngton c l ams , 
rock crabs ( three s pec i e s ) ,  bay and br ine shr imp and s and 
crabs . S he l l f i s h  contr ibute over $ 5  mi l l i on annua l ly to 
the C a l i fornia commerc i a l  f i shery . Many of the s e  s he l l f i sh 
are dependent on the e s tuar i e s , bays , and we tlands o f  the 
coa s t , whi c h  have been dra s t i c a l l y  reduced in number and 
s i ze over the past 5 0  year s . 

A number o f  S outhern C a l i fornia s e aweeds are o f  economi c 
value , though c o l l e c tion and proc e s s ing c o s t s  have reduced 
the uti l i z ation of mo s t  spec i e s . A polysaccharide cal led 
algin is extrac ted from the g i ant kelp Mac rocys t i s , whi c h  
o ccurs in den s e  s tands o f f shore . Alg i n  i s  u s e d  as a thi ckening , 
s tab i l i z i ng and emu l s i fying agent in many foods and o ther 
mater i a l s . 

B i o logic Re sourc e s  

Many o f  the b i ologic communi ti e s  found i n  S outhern 
C a l i fornia are particularly important for the i r  ae s th e t i c  
value , the i r  s e n s i t i vi ty t o  environmenta l  per turbation , o r  
their suppo rt o f  economical ly val uabl e ,  r a r e  o r  endangered 
spec ies . Among such hab i tats are ke lp beds , mar s he s , bays 
and e s tuar i e s , the Channe l I s lands , and the purp le cora l 
r e e f s . Tab l e  J- 1 5  l i s t s  many o f  the rare and endangered 
s pe c i e s  found i n  the s e  coastal habi tats . 

G i ant k e l p  beds are found i n  wa ter to depth s  o f  1 0 0  
f ee t .  The growth and r eproduc tion o f  Macrocys t i s , the g i ant 
ke lp , is l imited by ava i lab l e  l i ght , temperatur e ,  rocky 
s ub s trate , nutr ients present , numbers o f  gra z er s  such a s  s e a  
urchins a n d  aba lone , di s e a s e , s torms a n d  therma l and s ewage 
outf lows . As ide from the ec onomic va l ue o f  the k e l p  p l ants 
them s e lve s ,  the dense s tand s provide s he l ter , food and 
s pawn ing s i tes for many f i sh and invertebrate s . 
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TABLE J- 1 5  

ENDANGERED SPEC IES OF CALI FOR,."J IA 

Ca l i forn i a  Brown P e l ican ( P e lecanus occide nta l i s  cal i forn icus ) 
Southe rn Bald Eagle ( Ha l i ae etus leucocepha lus ) 
C a l i forn i a  Condor ( Gymnogyp s c a l i forn i anus ) 
Ame rican Peregrine F a lcon ( Fa lco peregrinus anatum ) 
L ight-Footed C l appe r Rai l  ( Ra l l u s  longiro s t r i s  levy s e s ) 
C a l i fo rn i a  Least Tern ( S te rna a l b i fron s brown i )  
Be ld ing ' s  S avannah S parrow ( P a s s e rculus s andwichen s i s  b e ld ingi ) 
Una rmored Three sp ine S t ick leback ( Ga s t e rv s teus acu le atus wi l l i amson i )  

Gray Whale ( E schr ichtius g ibbosus ) 
B lue Whal e  ( Ba l enopte ra musculus ) 
F inback Wha l e  ( Ba lenoptera phys a lus ) 
S e i  Wha le ( B a lenop tera bore a l i s ) 
Humpback Wha le (Megaptera movre ang l i ae ) 
Pac i f ic Right Wha le ( Ba lena galc i a l i s )  
Sperm Whal e  ( Physterer c a todon ) 

RARE S PEC I E S  

I s land F o x  ( U rocyon lattoral l i s )  
Guadalupe Fur S e a l  (Arctocephalus phi l ipp i i  town s e nd ) 
Cal i fo rn i a  B lack Ra i l  ( Latera l lus s amarcens i s  coturniculu s )  
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The Channe l I s l ands , S an Migu e l , Santa Ro s a , Santa 
Cruz , Anacapa , S anta Barbara , S an C l emente , S an N i cho las and 
S anta Cata l i na , are bound by deep b a s i n s  and are 1 1  to 2 0  
mi l l ion ye a r s  o ld .  They are loc ated a s tride a ma j or break 
i n  the b iogeography o f  the Pac i f ic Coa s t , causing a change 
in s p e c i e s  compo s i tion on the i s l ands , ascr ibed p r imari ly to 
ocean curre nts . The s e  i s lands are impor tant as home s for 1 8  
endemi c sub spec i e s  o f  terre s tr i a l  b i rds , a s  breedi ng and 
roos ting s i tes for over 3 0  seabird spec i e s  and as the only 
Brown P e l ican rooke ry i n  C a l i forn i a . The i s land s are a l s o  
breeding s i t e s  fo r the e l ephant s e a l  and Cal i forn i a  s e a  
l ion , hou s e  t h e  o n l y  no rthern fur s eal breeding c olony 
s outh of Alaska , and are the on ly area nor th o f  Mex i co s t i l l  
v i s i ted b y  the rare Guada lupe fur s e a l . The i s lands s upport 
7 6  endemic and r are p l ants ; the larg e s t  s ingle s tand of 
giant coreop s i s  ( Coreops i s  g igante a )  and one o f  two li ving 
s tand s  of torrey pine . They a l s o  have archeolog i c a l  value , 
contain ing remnants o f  2 0 0  v i l l ages o f  the Cana l l i on Indian 
cu lture . 

A r are phenomenon of spec i a l  no te i s  the purp l e  coral 
reefs (Al lopo ia c a l i forn i a )  on Farnswor th Bank o f f  S anta 
Cata l i n a  I s land . The s e  areas have the on ly den s e  conc entr ated 
popu lation in S outhern Ca l i forn i a . 

Southern C a l i fornia i s  no tab le for having coastal 
emb ayments and we t l and s on a sma l l e r  scale than found at 
the s ame latitude on the Atlant i c  coas t .  Thi s  i s  due to 
the a r id c l imate , recent geo logical  s e t t l i ng and lack o f  
l arge r i ve r s  enter ing the s e a . The ab s ence o f  a coas tal 
p lain has r e s t r i c ted the deve lopment o f  s a l t  mar s h  to sma l l  
areas fr inging she ltered bays and lagoon s .  

The bay s , l agoons and mar sh e s  support a n ima l s  recruited 
from the s e a . N e r i t i c  spe c i e s  such as the C a l i for n i a  
h a l i but , the Pac i f i c  s taghorn sculpin , the deepbody 
anchovy and the gray smoothound use the s e  areas as nur s ery 
g round s . O ther f i s h , the topsme l t , the C a l i fornia k i l l f i s h , 
the arrow goby and the di amond turbo t ,  comp l e te the i r  l i fe 
cyc le i n  the bay s . 

The popu l a tion increase  in Southern Cal i forn i a  has 
a l tered the natura l s ta te of the s e  coastal hab i tats . 
Almo s t  a l l  o f  the bays and lagoons have been mod i f ied by 
activ i t i e s  such as c ons truc tion of mar inas and breakwa ter s ,  
bui lding o f  roads and railroads , dr edg ing of channe l s , 
diver s i on o f  r iver s and wa s te d i s po s a l  operat ions . A l teration 
o f  the bays and wetlands has undoubtedly af fected the i r  
support capac i ty and spec i e s  compo s i tion , a l though no one 
knows to what extent thi s  has occurred . The s e  habi tats are 
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among the mos t  valuab l e  to the productivi ty o f  the Ca l i fornia 
coa s t ,  and are extreme ly sensi t ive to change s in water 
qua l i ty and phy s i ograph i c  condition s . 

Popu l ation and E conomy 

S outhern C a l i fornia ' s  coa sta l counties f rom S anta 
Barba ra to San D i ego had an es tima ted popul ation o f  
1 0 , 8 3 3 , 2 0 0  b y  Ju ly 1 ,  1 9 7 4 . Thi s repres ents s l ightly 
mor e  than one-ha l f  the populac e of  the ent ire s tate on 
l e s s  than nine percent o f  the land area . S outhern 
C a l i fornia experienc ed approximately a one percent 
increase  in popul a tion in 1 9 7 3 .  Th i s  i s  the s ame rate 
of growth a s  experienced by C a l i fornia and the Un i ted 
S tates a s  a who l e . 

Tab l e  J - 1 6 g ives emp loyment f igures for the coastal 
counti e s  o f  Southern C a l i forni a . Mining , wh ich i nc l udes 
p etro leum produc tion , emp loys a r e l atively sma l l  per
centage of the population . 

2 . 3  Envi ronmenta l Qua l i ty 

Air Qua l i ty 

The S tate o f  C a l i fornia i s  d iv ided into 1 1  a i r  basins , 
compo s ed o f  areas having s imi lar meteoro log i c a l  and geographica l 
condition s . Two o f  the s e  basins  are located wi thin the 
Southern Ca l i fornia o f f shore area : the South C oa s t  Bas in 
and the S a n  Diego Ba s i n . Table J- 1 7  pre s ents both the 
Ca l i fornia and Federal Amb ient Air Qua l i ty S tandards . Tab l e  
J- 1 8  pres ents the number o f  above s tandard excur s i ons recorded 
in the South Co a s t  and San Di ego Bas in . I n  1 9 7 2  the South 
Coast Air Ba s i n , wh ich encompa s s e s  the Lo s Ange l e s  Metropo l i 
t a n  Area , was re spons ib l e  for almo s t  ha l f  o f  a l l  s tate 
emi s s i ons o f  organ ic gas e s , ni trogen oxides , carbon monoxide 
and s u l fur dioxid e . 

A typ i c a l  characte r i s tic o f  a i r  po l lution in the Southern 
C a l i fornia coastal region i s  its  oxidi z ing e f f ec t .  Thi s  
e f f e c t  i s  due to the formation o f  o z one ( and o ther photochemic a l  
oxidants such a s  PAN } i n  the atmo sphere when reactions 
invo lving hydro carbons and ni trogen oxides occur in the 
presence of sun l i ght . Me teoro log i c a l  f ac tors such as temperature , 
s tab i l i ty , mixing height and wind speed a f f e c t  the pa tterns 
of pho tochemic a l  air po llution prob lems . 

J - 7 9  



y I 
00 
0 

TABLE J- 1 6  

SOUTHERN CAL I FO RN IA COASTAL C OUNT IES - LABOR MARKET TRENDS -
SEPTEMBE R  1 9 7 2  
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TABLE J- 1 7  

AMB IENT A I R  QUAL I TY STAN DARDS 
APP L ICABLE IN CAL I FORN IA 

AMB I E N T  A I R  QUAL I T Y  STANDARDS 

Cahlorn1a Standards 1 
Averaging T ime 

Concentration 3 Method.4 Primary 3 • 
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Wa ter Qua l i ty 

Marine wa ter p o l lution within the Southern 
Ca l i fornia B ight area i s  ma i n ly o f  terr e s t r i a l  o r igin . 
. . .  The largest s ing l e  s ource i s  mun ic ipal waste 
water s  d i s charged directly i n to the ocean from 
twen ty - f ive outf a l l s  betwe e n  P o i nt Conception and 
the Mexican Border . 

I n  add i tion to 2 5  ( S CCWRP , 1 9 7 3 )  mun i c ipal 
waste treatment p lants wh ich di s charge d i r e c t ly 
i nto the marine coastal wa ter s  there are an add i 
tional e i ghty-three p lants wh ich d i s charge onto the 
l and or water cour s e s  and may be cons idered as con
tributing ultimately to mar ine po l lution . 

Other sourc e s  o f  pol lution o r i g inate f rom in
du s tr i a l  p roc e s s e s , p o l lution from e lectric generating 
p l ants , terre s tr i a l  runo f f , o f f shore dumping , s e r i a l  
f a l lout , d redg ing and day t o  day u s e  o f  the mar i ne 
e nvironmen t  by the pub l i c . 

Indu s tr i a l  was te s  are the s e cond large s t  s ource 
o f  p o l lution ( SCCWRP , 1 9 7 3 ) . The SCCWRP report note s 
wi th the exception o f  one indu s t r i a l  p lant the entire 
i ndu s t r i a l  ( no n  power ) wa s te d i s c harge into mar ine 
waters is  f rom petro l eum- r e l a ted indu s tr i e s  ( o i l  brine , 
tanker b a l l a s t , r e f inery waste ) . Thi s inc ludes onshore 
and o f f shore oil produc tion , transport , proc e s s ing and 
o i l  tanker moor ing f ac i l i t i e s .  

The s e  direct oc ean i ndustrial  di scharger s are 
g rouped i n  three ma in areas , Santa Barbara channe l ,  
S anta Monica Bay , and the northern coast o f  Orange 
County . D i rect ocean di s charge of indu s t r i a l  was te s  
into the b ight area contributes about 6 %  o f  the to ta l 
suspended s o l id s , 1 4 %  o f  the total o i l  and grease , 2 %  
o f  the tota l b iochemical oxygen demand , and 1 0 %  o f  the 
total chem i c a l  oxyge n  demand . 

Inputs o f  petro leum from terre s tr i a l  s ourc e s  are 
ma i n l y  f rom mun i c i p a l  wa s t ewater s ,  indu s t� i a l  was tewate r s  
and sur f a c e  runo f f . A comp a r i s o n  o f  the e s t imated ma s s  
emi s s i on r a t e s  from the s e  sour c e s  i s  g i ven i n  Tab l e  J - 1 9 .  

J- 8 3  



TABLE J- 1 9  

S OURCES OF O I L  AND GREAS E/PETROLEUM D I S CHARGED INTO THE 

SOUTHERN CALIFORNIA MARINE ENVIRONMENT 

SOURCE 

Mun i c ipal was tewate rs 

Indu s tr i a l  was tewaters 

Runof f  

Sour c e : S torr s , 1 9 7 3 . 

MAS S EMI S S ION RATES (METRIC TONS/YR) 

O I L  AND GREAS E  

6 5 , 00 0  

2 , 2 0 0  

4 , 40 0  

PETROLEUM 

3 2 , 00 0  

2 , 20 0  

? 

As ind i cated in  Tab l e  J- 1 9  mun i c ipal wa ste
wa ters  contribute large amounts o f  oil  and gre a s e  
( hexane- e xtractab le ) , o f  wh i ch approximate ly 5 0  

percent i s  petroleum . Young ( 1 9 7 5 )  indicates that 
it has been tentatively e s t imated that such waste
waters may contribute up to 10  percent of the to tal 
known i nput o f  pe tro leum hydrocarbons to the wor ld 
oceans . 

Although industrial  was tewate r s  are shown to 
d i s charge l e s s p etro leum than mun i c ipal d i s charger s , 
i t  i s  noted tha t petro l eum indus tries  contribute mos t  
o f  the petro leum to the mun i cipal wa stes . 

From S torrs ( 1 9 7 3 )  i t  i s  i nd i c a te d  tha t  the 
petro leum r e f ining c apaci ty in Southern C a l i fornia 
is about 4 0 0  mi l l ion barr e l s  ( bb l s ) per year , or 
about 10 percent of the to tal Uni ted S ta t e s  r e f i ne ry 
c apac i ty . Tab le J- 2 0  shows the results  o f  a recent 
survey o f  oil d i s c harged to the Southern Ca l i fornia 
coastal wa te r s  f rom the petroleum i ndus try ( S CCWRP , 
1 9 7 3 ) . 

Of  the 2 , 2 0 0  me tr i c  tons per year d i s charged 
to the near shore waters , approximately 8 0  percent 
is due to o i l  i n  r e f inery wastewaters . The rema i n i ng 
2 0  percent i s  due to ope r a ti on s  o f  both the onshore 
and o f f s hore product ion fac i l i t i e s . In the Southern 
Ca l i fornia area , the o f f shore produc tion capac i ty i s  
about 9 . 7  mi l l i on bbl s/yr . Thus , i n  terms of r e f i ne ry 
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capac i ty ,  the S outhern Ca l i fornia o i l  di s charges 
are about 5 me tric tons per mi l l i on barr e l s  ( S torrs , 
1 9 7 3 ) . 

Table J - 2 0  

O I L  DIS CHARGES FROM THE PETROLEUM I NDUS TRY 

TO SOUTHERN CALIFORNIA COAS TAL WATERS 

Was tewater Type 

O i l  f i e ld brines 

Tanker and l i ne ballast 

Re f inery was tewaters 

Cooling tower b leedof f 

Was tewater F l ow 
( cu m/ s )  

1 .  7 5  

0 . 3 5 

4 . 7 2  

0 . 0 3 

Mas s  Emis s ion Rate 

(me t r i c  tons /yr ) 

3 8 0  

6 5 

1 , 7 40 

10 

2 , 2 0 0  

The s ource of o i l  in runo f f  areas i s  f rom urban 
s torm drainage , runo f f  from rural areas , and natura l 
s tream drainag e . The percentage o f  petro l eum in 
the s e  wa ters i s  unknown . 

Another source o f  o i l  i s  natura l  o i l  seeps . 
Young ( 1 9 7 5 )  indicates that e s t imates o f  p e tr o l eum 
los s e s  to the water co lumn f rom the 5 0 - 6 0  known 
natural o i l  seeps between Point Conception and 
Hunti ngton Beach appear to be r e l ative ly uncerta i n , 
a l though four s eep s i te s  at Coal O i l  Point near 
Santa Barbara are reported to have l o s t  the 
equiva l ent of 4 0 0 0  metric tons /year during Oc tober , 
1 9 6 9 . However , such s eepage rates are reported to 
be qu i te variable . I n  compar i son , e s t ima tes for 
the 1 9 6 9  S anta Barbara o i l  s p i l l  range f rom 3 0 0 0  
to 1 1 3 , 0 0 0  me tric ton s , with an intermediate va l ue 
o f  about 1 1 , 0 0 0  tons . . . .  

Terre stria l surface runo f f  con s t i tutes the 
thi rd and l a s t  " d i s crete " ( S CCWRP , 1 9 7 3 )  s ource o f  
po l lution i n  the B i ght area . There are 2 0 0 - 3 0 0  
ma j or r iver s , streams and s torm dr ains ( S CCWRP , 
1 9 7 3 )  wh i c h  yearly introduce a wide spec trum o f  
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s o l i d s , trace meta l s , chemi c a l s , organi c  nutrients and 
hydrocarbons i nto the mar ine envi ronment . S ur face 
runo f f  is  s e a sonal , be ing the gre ate s t  during winter 
month s . 
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3 .  Texas 

3 . 1  P hy s iography and C l imate 

Phys iography 

Texa s i s  p art o f  four maj or phy s iographic subdivi s ions 
of  No rth Ame r i ca - - the Gul f Coa s ta l  Forested P la in s , the 
Grea t  We s te rn Lower P l a in s , the Great We s te rn H igh P l a in s , 
and the Rocky Mountain Reg ion . The state i s  topographica l ly 
a s e r ie s o f  p l a in s . There are three ma j or p l a i n s  div i s ions 
from the northwe s te rn part of  the s tate to the Gul f - - the 
S taked P l a in s , the North Central P l a in s , and the Gul f Coa s t a l  
P l a in . 

The S taked P l a in s  reach an e le va ti on o f  about 4 , 0 0 0  
f e e t  above s e a  leve l .  The H i gh P l a in s  area o f  thi s region 
is charac te r i st i c a l ly l eve l in l and surfac e , re lat ive ly 
tre e le s s , and s em i arid . The topography of the North Central 
P la i n s  i s  l e ve l  to ro l l ing and s hows a typical  pra i r i e  
environment , with the o c c urrence o f  t imber increa s ing t o  the 
e a s t .  The Gul f  Coa s ta l  P l a in r i s e s  from s e a  leve l to around 
5 5 0  feet above s e a  leve l ; the topography is rol l in g  to 
h i l ly . The c l imate become s incre a s ingly a r id to the we s t , 
re sul ting in tree le s s  prairie s . 

C l imate 

The c l imate o f  Texa s is marked by extreme s in temperature , 
prec ipitation rate s , and the var ia t ion and extent o f  c at a s 
trophic weather events which a f fe c t  a l l  reg ion s o f  the 
s tate . The c l imat i c  patterns o f  the s tate are determined 
primari ly by the inte rac tion of mo i s ture - l ade n Gul f a i r  
ma s s e s  moving northwe s tward ove r the s tate and drye r , 
re latively coo l e r  a i r  ma s s e s  movinq s outhe a s tward from the 
cont inenta l inter io r . Texas suffers frequent occurrences 
o f  hail , f loods , tornados and hurricane s ,  as we l l  a s  recurrent 
droughts . 

Precipitation in Texas i s  poorly d i str ibuted in space 
a s  we l l  a s  t ime . Ave rage annual pre c ip i tation range s f rom 
8 inche s ( E l  Pa so ) to 5 5  inches ( Port Arthur ) . In gene ra l , 

Note : Al l in formation in this s e c t ion ( un le s s  otherwi s e  
foo tnoted ) wa s taken from : T exa s Water Deve l opment Boa rd , The 
Texas Water P lan , Novemb e r  1 9 6 8 . 
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there i s  an ave ra ge i n c re a s e  f rom wes t  to e a s t  o f  about 
1 i nch of precip i tation e ve ry 1 5 . 5  mi l e s . Texas e xperiences 
abnorma l ly wet and dry years . 

Texa s winds range from the Gul f coa s t  s e a  bre e z e s  to 
the we s t  Texa s duststorm s . Al though the l atter are a rare 
occurrenc e , th i s  part of Texa s is charac teri z ed by more 
frequent high -wind epi sode s than the re s t  of the s tate . The 
a c tive s e a  bree z e  regime character i s ti c a l ly pene trat e s  about 
2 5  mi l e s  inland . In s p i te of the var i e ty o f  wind regime s 
pre s ent , the annua l mean wind s peeds a c ro s s  the state only 
vary f rom about 4 meters per second at San Antonio to j us t  
ove r  6 meters per second a t  Ama r i l lo . Data o n  the wind speed 
d i s tr ibutions a t  various s tations reve a l  a s ign i fi cant d i f 
ference between northern and southern section s . About 6 percent 
of the hourl y  wind s recorded in northern Texa s fa l l  into the 
lowe s t  wind speed c l a s s  ( l e s s  than 1 . 5  meters per s econd ) , 
whi le 1 1  percent o f  tho s e  reported in s outhern Texa s f a l l 
into th i s  c l a s s . The s tandard deviation a s s oc i ated with 
inter s tation variab i l i ty i s  2 . 5  percent and 4 . 6  percent 
for the two re spect ive region s . This tends to ind i cate that 
s outhern Texa s , i nc lud i ng the coast , is s ub j e c t  to a l arge 
number of air s tagnation epi sode s . 

3 . 2  Populat ion and Economy 

Population 

The population o f  Texa s ha s greatly increased during 
the past century , with c enters of concentra t i on s h i f t ing 
f rom a predominantly agricultural e c onomy to a more bal anced 
agricul tura l , indus t r i a l , and corrune rc i a l  economy . Cen sus 
f i gure s f rom 1 9 6 0  ind i c ated a total s tate population of  9 . 6  
mi l l ion ; proj ect i ons for 1 9 8 0  and 2 0 0 0  are 1 5  and 2 1 . 2  
mi l l ion , respective l y . In 1 9 6 0 ,  about 7 5  percent o f  the 
people l i ved in urban area s ; 2 3  principal urban areas he ld 
about 6 7  percent of the total populat ion . 

Economy 

The Texas economy h a s  bee n broadened by the va s t  
expan s i on o f  the pe tro leum produc t s  indus t ry . P e trochemi cal 
product ion i s  the f a s te s t  growi n g of  a l l  the i n du s tr i e s  i n  
Texa s . The s c a l e  of manufacturing in Texas h � s  incre a s ed 
rapidl y ;  val ue added to the e c onomy by manufacturing be tween 
1 9 4 9  and 1 9 6 3  incre a s ed nearly fourfo ld , and is expected to 
total $ 4 0 . 9  b i l l ion by 1 9 9 0 . Broad-ba s ed indu s tr i a l  deve lop
ment has  contributee t o  the r a p i d  expan s i on o f  t rade s and 
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s ervice s to s upport emp loye e s  as we l l  as  p l ants . Transpor
tation , uti l i t i e s , and cons truction activities have burgeoned 
as we l l .  

Despite the trend toward urban i z ation , farms and 
commercial  fore s t  ho ldings in 1 9 6 5  occup ied ove r 9 0  percent 
of the tota l sur f ac e  area o f  Texas . Much o f  the indus trial  
economy and employment in Texas ' c i ties  i s  who l ly or part i a l ly 
dependent on agriculture . The s e  industr i a l  s ec tor s include 
the food and a l l i ed products indus trie s ;  agricultur a l  s upp l i e s , 
mate r i a l s , equipment and s ervice s ; food , crop , and l ive s tock 
produc t proc e s s ing ; and agricul tural chemic a l s , transportation 
and marketing . The s e  agricultura l ly-oriented s e gments 
con s t i tute a mu l t i b i l l ion do l lar contr ibution to the annua l 
tota l economy of the s tate . Agr iculture generates more of 
Texas ' wea lth , s upporting a re lated annu a l  $6  b i l l ion to $ 7  
b i l l ion comme rce and industry , than any other f ac tor in the 
economy with the exception of petroleum and petrochemi c al s . 

3 . 3  Re source s  

Land 

Texas has been divided into the 10 ecolog i c a l  regions 
s hown in F igure J - 3 3 .  Live s tock graz ing i s  a maj or l and use 
i n  Regions 1 ,  2 ,  3 ,  5 ,  6 ,  7 ,  8 ,  and 1 0 . Cropping i s  a 
princ ipal land us e i n  s ix areas ; grain and cotton cons t i tute 
the maj or crops in Reg ions 2 ,  3 ,  4 ,  6 , 8 ,  and 9 .  I rr igated 
cropp ing is conunon in the H igh P la ins and , to a l imi ted 
extent ,  in the South Texas P lains . Indus trial  and urban 
l and us e are gre a te s t  in the Gul f Prairies and Mar shes and 
the Cro s s  T imbers and Prairies regions respec tive ly . Comme r
c i a l  fores try i s  the dominant land u s e  in the P ineywoods . l 

Surface Water 

F igure J - 3 4  i l lus trates the average annual precipi tation , 
s treamf low and net lake surface evaporation of the ma j o r  r ive r s  
in Texa s . About three - fourths of the nearly 4 0  mi l l i on acre 
feet of average annua l runo ff orig inate s in the e a s tern 
quarte r of Texa s . Annual average s �ange from about 1 , 1 0 0  
acre-feet per square mi le in the e a s t  to practical ly z ero for 
much of we s t  Texas . Though evaporation rates are high 

1Texas Parks and W i ld l i fe Dep artment , S trategies for 
Texas W i l d l ife Re s ources , V'o l . 1 ,  S eptember 1 9 7 5 , pp . 4 - 5 . 
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ECO LOG I C A L  R E G I ONS OF TEXAS 

1 .  Pineywoods 

2. G u l f  Prairies and Marshes 

3. Post Oak Savan n a h  

4.  B l ack land Pra iries 

5. C ross Tim bers a n d  Pra i r ies 

6. South Texas P l a i n s  

7.  Edwards P l a teau 

8. R o l l i n g  P l a i n s  

9.  High P l a i n s  

1 0 .  Trans-Pecos, M ou n tains  a n d  Basins 

Fi gure J- 3 3 .  E co logi cal regions o f  Texas . ( Texas 

Parks and Wi l d l i f e  Department , S trategi e s  for Texas Wi l d l i f e  

Re s e rves , September 1 ,  1 9 7 5 , p .  5 . ) 
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EXPLANATION 

15 �1 5  

AVERAGE ANNUAL PRE C I P I TATION 

1940-65 
( IN INCHE S ) 

AVERAGE ANNUAL NET LA...'<E 
S URFACE EVAPORATION 

19 40-6 5 
( I N INCHES ) 

� 0 -20 

fililLEJlll 20-40 

� 40-60 

� 60-80 
C:J 80-100 

20 

30 3 5  

2 0  

4 0  

5 5  

LONG-TERM AVERAGE 

ANNUAL S TREAMFLOW 

ACRE -FEET ( IN MILLIONS ) 

• 2 . 0  
4 . 0  

6 . 0  
8 . 0  

1 0 . 0  

F i gure J - 3 4 . Average annu a l  p r e c i p itation , s trearnflow , and 
net l ake s ur face evap o r ation . ( Texas  Water Deve lopment Board , The 
T e x a s  Wa t e r  P l a n , No·vern.ber 1 9 6 8 , F i gure I I - 8 ,  p .  1 1 - 1 7 . )  
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throughout Texa s they are particul arly h i gh in the dry central 
and we stern port ions of the s tate as i l l us trated in F i gure 
J - 3 4 . This  figure c l early demon strate s the l im i t s  o f  s ur face 
water supp l ies in that important o i l -produc ing reg ion . 

Surface water i s  used for navigation , mun i c ipal and 
indus trial requi rements , and i r rigation . At pre s ent , g round
water aqui fers  supp ly the bulk of the wate r used in Texa s ; 
it i s  expec ted , howeve r , that a s  ground aqui fer re source s  
are dep l eted , more water wi l l  be drawn from surface water 
s uppl i e s . 

Ground Water 

I n  1 9 7 0 , groundwater a�ui fers  supp l ie d  about 6 7  percent 
o f  the water used in Texa s . I n  the pa s t , mun i c ipal itie s , 
indus try , irrigator s , and rural inhab i tants have made u s e  o f  
thi s  re source for s everal reason s . Aqui fe r s  are o f  widespread 
geographical occurrence , surface water supp l i e s  are e i ther 
in s u f f i c ient o r  poorly d i s tributed , and the costs o f  deve loping 
and pumping ground water are l ow compared to c o s t s  of con
struc ting s torage and treatment f ac i l i t i e s  for surface water 
supp l ie s . 

A ma j or aqui f e r  has  been de f i ned by the Texas Water 
Deve lopment Board as  one which yields  l arge quan t i ti e s  o f  
water i n  a c ompara t ive ly large area o f  the s tate . There are 
s even ma j or aqui fers  in Texas , a s  s hown in F i gure J - 3 5 . 
Co l lective ly ,  the s e  aqui fers  s upply mo s t  o f  the ground water 
used in the state . They inc lude the Oga l l al a  Aqui fer , 
Al luvium Aqui fer , Edwards -Trin i ty ( P l ateau ) Aqui f e r , 
Edwards ( Ba l cone s Faul t Zone ) Aqui fer , Trini ty Group Aqui fer , 
Carrigo -Wi lcox Aqui fer , and the Gul f Coa s t  Aqui f e r . 

Many o f  the s e  aqu i fers  have been s ub j e c t  to intens ive 
deve lopment for irrigation , munic ipal and indus trial u s e , 
and mining . Depletion and intrus ion o f  s a l ine water are 
constraints in many of the s e  area s . Mo re ground water is 
be ing removed in many areas of the state than i s  be ing 
replaced by natural recharge . The Gul f  Coa s t  Aqu i f e r  
has the br ighte s t  pro spects o f  continuing t o  furn i sh adequate 
quantities  of wate r to mee t  pro j e c ted need s ; yet even i ri 
thi s aqui f e r , there i s  a problem o f  l dnd s ub s idence due to 

2
u . s .  Environmental Protec t ion Agency , O f f i c e  cf Re s e arch 

and Mon i toring , Ground Water Pol lut ion in the S o uth Central 
State s , EPA-R2 - 7 3 - 2 6 8 , June 1 9 7 3 , p .  7 .  
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r:;:;:;:;:;:;:;:;3 A l l uvium 

I : : : : : I Carrizo - Wilcox 

�"'W Edwards (Balcon ies fau l t  zone) 

V.7;1 Edwards - Trinity (Plateau ) 

@m G u l f  Coast 

� Ogal lala 

I! I j I I l Trinity G r oup 

F igure J- 3 5 .  Ha j or aqu i f er s of T ex a s . ( T e x a s  Water 
Deve lopment B o ar d , The Tex a s  w·a ter P l an ,  November 1 9 6 8 , 
F i gur e I I - 2 , p .  I I - 5 . )  
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pumping , parti cularly in the Baytown-Pasadena area and along 
the Hous ton Ship Channe l .  Other ma j or aqui fer s  are l imited 
in the amount of good qua l i ty water they c an s upp l y  for 
expanding need s ( see F igure J - 3 5 ) . Nearly 8 3  percent of a l l  
pre sent irrigation i n  Texa s i s  s upp l ie d  by g round water . 

The minor aqui fers in Texa s ( se e  F igure J - 3 6 ) are 
important and in some are a s  the only sourc e s  o� water supply . 
I n  mo s t  c a s e s  the i r  c apac i ty for large - s cale use i s  l imi ted . 

Wi l d l i f e  and Rec re ation 

A wide range of enviro nmental condition s  i n  coastal 
bays and e s tuar i e s  and the warm Gul f  wate r s  off  the Texa s 
coast have provided highly produc tive condition s  for wi ldl i fe 
and aquatic l i fe o f  comme rc i a l  and recreational s igni f i cance . 
The s e  are d i scus sed in S ection J . B . l .  

I nl and f i shing i s  a popular and lucrative Texan sport . 
Ducks , geese , wild turke y , qua i l , and dove s attract many 
hunte r s . Deer and pronghorn ante l ope are the principal game 
anima l s . Wi l d l i f e  management i s  an important conc e rn ; 2 1 
e stab l i shed national and s tate w i ld l i fe and migratory 
waterfowl re fuge s , game pre s e rve s , and wi ld l i fe management 
areas have he lped to maintain favorable cond i tions for 
sustaining increased wi l d l i f e  deve lopment in Texa s . 

Energy 

E l ectrical ene rgy u s ed in Texa s i s  pre sently derived 
from two source s ,  fo s s i l  fue l generating p lants and hydro
e lectric generating fac i l itie s .  In 1 9 7 4 , steam-e l e c tr i c  
( thermal ) p lants furn i s he d  over 9 9  percent o f  t h e  total energy 

demand , whi l e  hydroe lectric plant s , presently ulil i z ed for 
peaking power purpose s ,  s upp l ied the remainder .  ' ·  Natural 
g a s  provided 9 0  percent o f  the fos s i l  power in 1 9 7 5 . 

3
Federal Power Commi s s ion , S tat i s t i c s  o f  P rivate ly

Owned E l e c tric Uti l it i e s in the U . S . ,  1 9 7 4 , pp . 7 2 3 - 7 2 4 . 

4
Federal Power Commi s s ion , Stat i s t i c s  o f  P ub l i c lv-Owned 

E lectric U t i l i t i e s  in the U . S . , 1 9 7 4 , pp . 5 3A- 5 5A . 
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1 1 1 I fII Edwards - Tri n i ty  (H igh Plains) 

e:;?";J El lenburger - San Saba 

f;:::;:;:;:;:;::� H ickory 

!:: : :::::::::::::i Queen C ity 

� San ta R o sa  

L ' 1 1 ' I j Sparta 

!:;:;:;:;:;:;:�;} Wood bine 

Figure J- 3 6 .  Minor aqu i f er s  of T exa s . ( Texas Wa ter 
D evelopmen t Board , The Tex a s  Wa ter P l an ,  November 1 9 6 8 , 
F i gure I I - 7 , p .  I I - 1 2 . )  
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3 . 4  Environmental Qua l i ty 

Air Qua l i ty 

Seven areas in Texas have been d e s ignated Air Qual i ty 
Maintenance Area s  o r  Reg ions ; s ix o f  the s e  areas coinc ide 
with reg ions wher e  tertiary o i l  production technique s are 
techn i c a l ly f ea s ibl e . They inc l ud e  Beaumont , Corpus Chri s t i , 
D a l l a s - F t . Worth , Galve s ton , Hous ton and S an Antonio . The s e  
areas h ave been noted primar i ly for the i r  h igh l eve l s  o f  
particulate matter and photochemi c a l  oxidant s . Galve s ton i s  
the only AQMA i n  which S 02 i s  a prob l em ( s e e  F i gure J - 3 7 )  . 
The e s t imated s tatus o f  attainment o f  a i r  qua l i ty s tandards 
i n  1 9 7 5  i s  l i s ted for e ach AQC R  in T ab l e  J - 2 1 .  Evidently , 
much o f  the particulate prob lem ari s e s  f rom s ourc e s  o f  
fugi tive dus t emi s s ion s . The s t atus o f  a l l  criteria po l lutan ts 
i n  1 9 7 4  i s  contained i n  T ab le J -2 2 . Thi s provides s ome 
indication of the magnitude of the vio l ations by indicating 
which s tandard s were vio l ated , and how many of the act ive 
mon itors were a f f e c te d . The Texas a i r  qua l i ty s tandards are 
l i s ted in Table J - 1 3 . 

Surface Water Qual ity 

The qua l i ty of s ur f ac e  water var i e s  wid e ly acro s s  the 
s tate . Total d i s s o lved s o l id s  concentrations range from 
unde r  1 0 0  to over 3 , 0 0 0  mg/ l , with around 1 0 0  to 5 0 0  mg/ l in 
mo s t  r iver reaches . The h i gher concentrations are mo s t  
common i n  the s e d iment - l aden regions o f  we s te rn and c entral 
Texas where s ed iment bui ldup i n  r e servo i r s  i s  also a prob l em . 
I norganic po l lutants f rom natural and man-made s ource s  
probab ly cons t i tute mor e  o f  a widespread prob lem than o rganic 
mate r i a l s  from municipal  and industrial  was te s . Three river 
bas in s , the T r in i ty , San Jacinto and Rio Grande , have a 
s e r ious s an i tary qual ity p ro b l em . P art o f  the Texas Water 
P lan for improving water qua l i ty a s s ume s the e l imination o f  
po llution r e s u l ting from o i l f i e ld brine s . 

Groundwater Qua l i ty 

Ground water from the various ma j or aqu i fe r s  i n  the 
s tate var i e s  wid e ly i n  concentrat ion of d i s s o lved s o l id s , 
wi th values r ang ing f rom 3 0 0  to 3 , 0 0 0  mg/ l . I n  many areas 
where heavy pumping has occurred , land s ub s idence and in
trus ion o f  s al ine water have become s igni f i cant prob l ems . 
I ntrus ion o f  s a l ine water into the Gulf Coa s t  Aqui f e r  has 
occurred in the Galve s ton , Baytown , and Texas C ity are a s  and 
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AQMA AOMA POL LUTA N TS 
N u m ber PM S02 co O x N 0 2 

Texas 

Beaumont 1 06A x x 
Corpus Ch risti 2 1 4A x 
D a l l as-Ft. Worth ' 2 1 5A x x 
El Paso I 1 538 x I 
G alveston 2 1 6A x x x 
Houston 2 1 68 x x 
San Antonio 2 1 7A x 

F i gure J- 3 7 .  T e x a s  Ai r Q ua l i ty Ma i n tenance Are a s . ( U . S .  
Envi ronme n t a l  P ro t e c t i on Age n cy , Gui d e l i n e s  fo r A i r  Q ua l i ty 

M a i n tenance P l ann i n g  and Ana lys i s , Vo lume 1 4 : D e s ign a t e d  A i r  

Q ua l i ty �1a i n t enan c e  _Z\r e a s , De cemb e r  1 9 7 5 , F i gure 4 5 , p .  1 5 4 . )  
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TABLE J - 2 1  

E S T I M.Z\.TE D ATTAINMENT OF N.P...T I ONAL TSP AND S 0 2  AMB I ENT 
AI R QUAL ITY STP,_UDARDS BY AI R QUJ'>..L I TY CONTROL EE G I ON

· l  

( TE X-�S )  

AQCR 

P roba b l y  
wi l 1 

a t t a i n  

*022 .  Shreveport-Te x a r k a n a - TSP 2 
Tyl er I nterstate (Ark . , so2 La . ,  O k l a . )  

*1 06 .  Sou thern Lou i s i a na- TSP2 
Sou t h e a s t  Texas  so2 
I n ters t a te ( L a . )  

*1 53.  E l  P a s o -Las Cru c e s 
A1 amogordo Interstate 
( N ew Mex i co )  

2 1 0 .  Abi l e n e -Wi c h i ta F a l l s  

21 1 .  Ar.<a r i l l o-Lubbock 

2 1 2 .  Au s t i n -Waco 

21 3 .  Browns v i l l e- L a redo 

2 1 4 .  Corpus Ch r i s t i -V i ctori a 

21 5 .  Metropo l i ta n  D a l l a s -Fort 
Worth 

21 6 .  Metro p o l i ta n  Hou s to n 
Ga 1 ves  t o n  

21 7 .  Metropo l i ta n  San A n to n i o  

21 8 .  Mi d l a nd-Odes s a - S a n  
Ange l o  

• = I n ter s ta te ACCR 

TSP 
so2 
so2 

TSP 
so� 

P r o b a b l y  
wi  1 1  n o t  

a t ta i n  

TSP 
Fug i t i ve 
d u s t  are 

TSP 
Fug i t i ve 
d u s t  a rea 

TSP 
Fug i t i v e  
d u s t  area 

TSP 
Fug i t i ve 
d u s t  area 

TSP 
F u g i ti ve 
d u s t  a rea I 
non-po i nt 
.oou.a:..e.s. 

TSP -
Non-po i nt 
s o u rc e s  

TSP -
lon-p o i  n t  

!s o u r c e s  
so -

Po i n t  2 
� o u rces 

TSP 
Fu g i t i ve 

kiu s t  a rea 

At t a i nmen t  
s t a t u s  

u n c erta i n  

1 Atta i nment i s b a s � d  o n  nest  rec e n t  J i r  aua 1 � ty data ava i l a b l e ;  these do 
not , i n  a 1 1  c a s e s ,  r�fl ,;ct f -i n a l  como 1 i a n c e .  E s t i mati::d .� t � � i r.rne�t s t a t u s  for 
both TS? ( �cta l s � s pended p a r t � C' J ' a t e )  and  SGz ( s u 1 fu r  d 1 ox 1 d e )  1s ba s ed on 
annual and/or 2 1 - r1our a ·1 e r a gcs . Ccrnff.e n t s  r-c -: i n g  factors t h a t  prevent a t ta : �

mer. t  are oc::a s i ond 1 1 Y  i nc l uded i r.  the l a s t two .:;-:: 1 urr:ns ; these comrne � t s , 1 1 K e 
the a tta i nment s t a tu s , a r e  best es timates and/or judgeine n t s . 

2Est imated a t t z. i nrr:ent s ta t u s  for th i s  ;;e,;l 1 11�an : i :;  :j i ffere!1t i r'. anotr.er 
S ta te p u r t 1 cn of th i �  i nterst a te AOC� . 
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TABLE J- 2 2  

NUMBE R OF STATI ON S  REPORT ING AND NUMBER OF 
WE RE EXCEEDED , BY AQC R ,  

( TEXAS ) 

STAT I ONS AT WHI CH S TANDARDS 
1 9 7 0 - 1 9 7 4  
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A I R  

Q U A l f T T 
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2 1 1  A H A A I L L O • L U e B D C K  

1 1 [ > 1  
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1 1 0 1  

7 I 
1 1  
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7 I 
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7 l  
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0 
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t h r e a t e n s  othe r ar e a s  o f  conc e n t r ated pumpag e  a l o ng the 
c o a s t . In a r e as of the Al l uv i um Acqu i f e r , s a l in i ty h a s  
inc r e a s e d  to th e po i n t  th a t  th e w a t e r  h a s  become  uns u i t a b l e  
for  d ome s t ic o r  mun i c ipal use . I n  par ts o f  the  T r in i ty 
G r o up and th e C a r r i z o-W i l co x  Acqu i fe r s ,  impr oper  wel l 
compl e t ion  me thod s a nd f a i l u r e  o f  we l l  c a s i ng s  h ave a l l owed 
s a l i n e  wa ter  in ove r l y i ng be d s  to en te r the fr e shwate r 
b e a r  i ng zone s . I n tens ive  pump i ng sho u ld be avo i d e d , par t i
c u l a r l y  d u r i ng d r o u g h t  pe r io d s , to in s u r e  ad equate  pr e s su r e  
and g u a rd aga i n s t  s a l i ne wa ter i n t r u s io n . 

Land 

S u bs i d e n c e  of the l a nd ha s be e n  plag u i ng th e G a l v e s ton
B e a umo nt  a r ea in r ec e n t  ye a r s .  Wh i l e the p r od uc t ion o f  
o i l and n a tu r a l  g a s  h a s  be en id e n t i f ied  a s  one o f  i t s  
c a u se s ,  the a c c e l e r a ted p umpage o f  g r o undwa ter i n  Ho u s to n  
a n d  i t s  su r r ound ing coun t i e s  i s  r e c og n i zed  to b e  i ts 
pr inc i p a l  c o n tr i b u to r . 
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4 .  C a l i fo rn i a  

4 . 1  P hys iography and C l imate 

C a l i fo rn ia can be d ivided into four ma j or phy s i c a l  
region s : the Intermontane reg ion , the Central Va l le y , and 
the Coastal and S i erra Nevada mountain range s . The Centr a l  
Va l l e y  region d i v i d e s  the P ac i f i c  Range s into C o a s t a l  and 
S ie rra Nevada range s ; the intermontane areas are loc ated in 
the desert areas o f  the extreme southea s t  and south . 1 

Approximate mean e levat ion i s  2 , 9 0 0  feet above sea leve l  and 
range s from - 2 8 2  to 1 4 , 4 9 4  feet . 2 

S outhern C a l i forn ia can be further subd i vided into four 
phy s i o graph ic province s :  the peninsular range s ,  the tran sve r s e  
range s ,  the S a l ton trough , and the Mo j ave De sert ( se e  Figure 
J - 3 8 ) . The pen i n sular range e xtend s from south o f  the S anta 
Mon i c a  mountains to south of the Mex i can border and i s  
topographic a l l y  s imi lar to the coast range with common 
e levations o f  3 , 0 0 0  to 4 , 0 0 0  feet . A longi tudinal va l le y  i s  
fo und i n  thi s provinc e with a northwe st- southe a s t  trend . 
The Tran sve r s e  Range P rovince i s  o r i ented i n  an e a s t -we s t  
direc tion and i s  a s e r ie s o f  mounta in rang e s  and va l leys , 
inc luding the lowlands o f  the S an B e rnardino and Los Ange l e s  
p l a i n s  o f  the e a s t  a s  we l l  a s  the S an B ernard ino and S an 
Gab r i e l  mounta i n s . 3 Land sur face form i n  t he Mo j ave De sert 
Province is predominan t l y  lowland with some low moun ta i n s ; 
the S a lton tro ugh provinc e i s  p r incipally smooth lowland 
p l a in s . 4 

1
u .  S .  Department o f  the Interior , Geo logi c a l  S urvey , 

Nat i onal Atl a s  o f  the Un ited S ta te s , 1 9 7 0 . 

2 
U . S .  Bureau o f  the Cen sus , S tati s t ical Ab stracts o f  

the Un i ted S tate s , 1 9 7 5 , 9 6 th Edition , 1 9 7 5 . 

3
u S .  Department o f  the Inte r i o r , Bureau o f  Land r1ana ge 

ment , F inal Environ�enta l S tatement , P ropo sed 1 9 7 4  Outer Contin
ental S he l f  O i l  and Gas General Lease S a l e  O f f s hore Southern 
C a l i forni a ,  OC S Sale No . 3 5 , Vo l . 4 , 1 9 7 5 . 

4 U . S .  Department o f  the I nter io r , N ational Atl a s . 
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F i gure J - 3 8 .  Phy s i ographic p rovinces of C a l i fornia . 
( U . S .  Department of the Interior , Bureau of Land Man agement , 
1 9 7 5  Outer Continental She l f  O i l  and Gas General Le a s e  S ale 
O f f s hore S outhern C a l i forn i a , Vo l .  I ,  F i gure I I - 1 , p .  6 6 , 
from C a l i fo rn i a  Divi s ion o f  Mi nes and Geo logy . )  
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C l imat e
5 

Wide rang e s  i n  a lt i tude and latitude are re spons ib l e  i n  
part fo r the variety o f  c l imat e s  found i n  Ca l i fornia . Ano ther 
s igni ficant factor i s  t he continuous interactiori o f  mar i t ime 
air ma s s e s  with tho se of continental o r ig i n . P ronounced 
c l imat i c  change s occur within short d i s tanc e s  as  a r e sult o f  
the s e  i n f luence s .  

Summe r  i s  a dry per iod ove r mo s t  o f  t he s tate due to the 
northward migration o f  the s emipe rmanent P a c i fic high which 
de f l e c t s  mo s t  s torms to the far nor th . I n  winte r , the P a c i f i c  
h igh decrea se s i n  inte n s ity and drop s further south , perm itting 
s to rms to move i nto and acro s s  the state , produc ing wide spread 
rain at low e leva t ions and s now at high e levation s .  

Annual prec i p i tation total s in e xc e s s  o f  5 0  inche s per 
year are charac ter i st i c  of  the we s t  s lope of  the S ierra 
Nevada north of S tockton , the we s t  s lope of the coast range 
from Monterey County northward , and part s  of the Ca s c ade s . 
Exceptions to thi s are to tal s o f  about 2 0  i nche s i n  the 
Monterey and San Fran c i sco Bay area s .  I n  the lee o f  the 
c o a s t  range yea r l y  amoun t s  drop o f f  to 15 inche s i n  parts o f  
the S a cramento Va l le y  and t o  le s s  than 8 i nche s over mo st o f  
the S an Joaquin Va l le y .  The northe a s t  interior portion o f  
the s tate rec e ive s from 1 5  to 1 8  inche s o f  mo i s ture i n  a 
year . I n  the mountains o f  Southern Ca l i fo rn i a , annua l 
to tal s reach 3 0  to 4 0  inche s , whi l e  the c o a sta l p l a i n  r e 
c e ive s o n l y  1 0  to 1 5  inche s . The de sert o f  the southe a st 
rec e ive s a s  l i tt l e  a s  2 to 5 i nc he s a year . 

C a l i fornia l i e s  within the z one o f  p reva i l ing we s te r l i e s  
and o n  the e a s t  s ide o f  the semipermanent high pre s sure 
are a of the nor the a st Pac i f ic Ocean . The b a s ic f low in 
the free a i r  above the S ta te , the r e fore , is from the 
we s t  o r  northwe s t  during mo s t  o f  the year . The seve ra l  
mounta i n  c h a i n s  with in the S ta te , howe ve r , a r e  respon s ib l e  

5
o f f i c ia l s  o f  t he Nationa l Oceanic and Atmo sphe r i c  

Admin i stration , U . S .  Department o f  Comme rce , C l ima t e s  o f  the 
United State s , Vo lume I I , We stern S tates , Inc l ud i na Alaska and 
Hawa i i  ( Port Wa s hington , N . Y . : Water I n fo rmation Center , Inc . 
1 9 7 4 ) . 

Note : A l l  indented mater i a l  i s  quo ted directly from the 
r e f e rence c i ted for the s e c t ion in wh i ch it is wri tten . 
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for d e f l ec t i ng the s e  winds and , except for the imme
diate coa s t , wind d i re c t ion is l i ke ly to b e  mor e  a 
produc t of local terrain than i t  i s  of preva i l ing 
c i rculation . 

I n  the Lo s Ange le s a re a , however , the B a s in i s  
a lmo s t  comp le te l y  enc lo sed b y  mountains  o n  the nor th 
and e a st . Coup l e d  w i th t h i s  i s  a c ha rac te r i s t ic o f  the 
a ir a long mo s t  of the coastal area of C a l i fornia . The 
vertical temp erature structure tend s to prevent ver t i c a l  
mixing o f  po l luted a ir through more than a sha l low 
l ayer ( 1 , 0 0 0  to 2 , 0 0 0 f e e t  deep ) . T he geographical 
conf iguration and t he southe r l y  location of the B a s in 
perm i t  a f a i r l y  r egul ar da i l y  reve r s a l  o f  wind direct ion-
o f f s hore a t  n ight and on s hore during the day . W i th the 
concentrated population and indus try , po l lution produc t s  
tend t o  accumulate i n  thi s c irculat ion patte rn . 

F i gures J- 3 9  and J- 4 0  show the predominant c i rculation o f  
surface wind pattern s  for January and Jul y .  Low wind speed s 
( tho se in the range o f  0 to 1 . 5  mete r s  per seco nd ) occur 
r e l at ive ly frequent l y  i n  Southern and Central C a l i fornia . 
Approximately 1 9  perc e nt o f  a l l  hour l y  o b s e rved wind speed s 
i n  t h i s  r e g io n  f a l l  i nto thi s range . Var iations among 
c o a s t a l  stations produc e d  a s tandard dev iat ion o f  6 percent , 
wh i l e  the inland var iations were re spon s ib l e  for a s tandard 
deviation o f  1 1  percent . Thi s indicates  t he importanc e o f  
orographic i n f l ue nc e s  away f rom the shore are a s . Low wind 
spee d s  coup l ed w i th temperature inve r s ions tend to promote 
air po l lution ep i sode s in the C a l i forn ia b a s i n s . 

4 . 2  Popu l at ion and Economy 

1 . 6 
Popu ation 

In 1 9 7 4 , C a l i fo rn i a ' s  e s t imated populatio n  wa s 2 0 . 9  
mi l l io n . The c o a s t a l  coun t i e s  o f  S anta B a rbara , Ventura , 
Lo s Ange l e s , Orange , and S an Di ego contr ibuted nearly 5 2  
percent o f  the total s tate population . E spec i a l l y  strik ing 

6 
Bureau o f  Census , S ta t i s t i cal Ab strac t s  o f  the Uni ted 

S ta te s , 1 9 7 5 . 
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F i gure J- 3 9 . P r edon i n an t  me a n  c i r c u l a t i o n  o f  t h e  s ur f a c e  
w i n d s  i n  C a l i f o rn i a  dur i ng J a n u a ry . S h a d i n g  rep r e s e n t s  mo un 
t a i n o u s  and i n te rme d i a t e  a r e a s . ( U . S .  D e p a r tme n t  o f  t h e  I n 
t e r i o r , 1 9 7 5  O u t e r  Con t i nen t a l  S h e l f  Le a s e  S a l e O f f s h o r e  
S o ut h e r n C a l i f o r n i a , Vo l . I ,  F i gure I I - 1 0 , p .  1 1 5 , f rom 
B a t t e l l e P ac i f i c  No rthwe s t  Lab o r a t o r i e s ,  1 9 7 3 . )  
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F i gure J- 4 0 .  P redominant mean c i rculation o f  the s urface 
winds in C a l i forn i a  during July . Shading rep re sents mo untain
ous and intermed i a te areas . ( U . S . Department o f  the Interior , 
1 9 7 5  Outer Co n ti n enta l She l f  Le ase S a le O f f s hore S o uthern 
Ca l i forn i a , Vol . I ,  F i gure I I - 9 , p .  1 1 4 , from Batte l l e Paci f i c  
Northwe s t  Labo ra tori e s , 1 9 7 3 . )  
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i s  the fact that the s e  coun t i e s  repre sent l e s s than 9 percent 
o f  the l and area in the s tate . 7 The S an Franc i sco Bay Are a  
i s  a l so den s e ly popul ated , w i th 4 . 6  mi l l ion peop l e  in 1 9 7 2 . 

Ca l i fornia i s  e xtens ively urbani z ed ; in 1 9 7 0 , nearly 9 1  
percent o f  the popu lation dwe l t  in urban areas . The popula
t ion per square mile o f  land are a , 1 2 7 . 6 ,  is cons equently 
m i s lead i ng . I n  1 9 7 0 , 9 3 . 4  perc ent o f  the populat ion wa s 
contained in S tandard Me tropo l itan S tati s t ic a l  Are as . 

I n  1 9 7 4 , the work force in C a l i fornia totaled 9 , 0 4 3 , 0 0 0 , 
o f  which 7 . 7  percent were unemp loyed . Non - farm emp loymen t  
accounted f o r  about 8 6 . 6  perc ent o f  t h e  to ta l work forc e ; 
manu facturing and trade emp loyed respectively 2 1 . 6  and 2 2 . 5  
percent o f  the total s tate emp loyment in non - f arm enterpr i s e s . 
S ervice e s tab l i shment s  accounted for 1 9 . 6  percent o f  the 
non-agricultural emp loye e s . In 1 9 7 0 , the C a l i forn i a  farm 
population numbered 2 4 9 , 0 0 0 . 1 9 6 8  f igur e s  s how the maj or ity 
of f armworke r s  were hired ; only 2 8 . 6  percent were fami ly 
workers .  

8 
E conomy 

In 1 9 7 2 , C a l i forn i a  ranked f i r s t  in the nation in value 
added by manu fac ture with $ 3 1 . 2  b i l l ion . More than 3 5 , 7 0 0  
e s tab l i s hments emp loyed 1 . 5  mi l l ion people with a total 
payro l l  o f  $ 1 5 . 5  b i l l ion . Tran sportat ion equipment ,  food , 
and e le c tr i c a l  equipment were the leading maj or industry 
groups in value added by manufac ture . The value o f  shipment s  
in 1 9 7 2  wa s $ 6 2 . 9  b i l l ion . 

In 1 9 7 4 , C a l i forn i a ' s  farm marketings were $ 8 . 2  b i l l ion , 
making i t  number one in the nation . Crops accoun ted for 
$ 5 . 5  b i l l ion , or about 6 7  percent of a l l  f arm marketings . 
Lives tock and product s  contributed the balance of $ 2 . 7  
b i l l ion . The impor tance o f  agriculture to the C a l i forn i a  
economy i s  apparent upon cons idering that C a l i forn i a  farms 
and o ther agricul ture-re lated indus trie s ,  s uch as food 
proce s s ing , f inanc ing o f  farm produc tion , and s al e s  of 

7 Bure au of Land Management , F inal Envi ronmental S tatement , 
OCS S a l e  No . 3 5 . 

8 
Bure au of Census , S ta t i s tical Ab stracts o f  the Un i ted 

S tate s , 1 9 7 5 . 
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equi pment and s up p l i e s  to farms , generate income e s t imated 
to be at l e a s t  $ 2 0  b i l l i on annua l ly . 9 

I n  1 9 6 9 , there were 7 7 , 8 7 5  farms in Cal i fornia on about 
3 5 . 7  perc ent of the l and . More than h a l f  of the farms f a l l  
between 5 0  and 1 , 0 0 0  acres ; the average s i z e  i s  4 5 9  acres . 
Agriculture i s  pract i c ed mo s t  exten s ive ly in the Sacramento 
and S an Joaquin Val leys of the C entral Valley . At pre s ent , 
nearly 9 mi l l ion o f  the 1 0 . 5  mi l l ion acre s o f  cultivated 
lands in C a l i forn i a  are irr igated . 

P rinc ipa l f arm corrunod i t i e s  in orde r of 1 9 7 4  c a s h  rece ip t s  
were c attle , mi l k , cotton , and grape s . P r i n c i p a l  c r o p s  in 
order o f  value were grape s , cotton lint , h ay , and tomatoe s .  
Of the more than 5 4  thous and farms with s a l e s  exceeding 
$ 2 , 5 0 0 , nearly 4 4  percent were c l a s s i f ied a s  fruit and nut 
produc ing . 

4 . 3  

Land 

1 0  
Re source s 

C a l i forn i a  c an be gros s ly divided into four b iome s -
gra s s land , de s ert , woodland -bush land , and con i ferous fore s t . 
The gra s s land b iome o f  the state i s  the Central Valley . 
Both s ubtype s o f  the de s e rt b iome are found in C a l i forni a ; 
the cold de s ert type i s  found in the northe as t ,  and the hot 
de s ert ( the Mo j ave D e s e rt ) extend s through s outheas tern 
C a l i forn i a . The woodl and-bushland biome forms a tran s i 
tional z one between the g ra s s land and de sert b iome s and the 
coni fe rous fores t  b i ome . The latter covers maj or areas in 
the S ie rra Moun ta ins and in the northwe s tern portion o f  the 
s tate . 

The Federa l government owns 4 4 . 8  percent o f  the l and 
in Cal i fornia . F armland comp r i s e s  3 5 . 7  perc ent . About 8 
percent i s  commerc ial timberl and . Total urban acreage in 

9
s tate of C a l i forn i a , The Re sources  Agency , The C a l i 

fornia Water P lan , Out look i n  1 9 7 4 , Department o f  Water 
Resources  Buleetin No . 1 6 0 - 7 4 , November 1 9 7 4 . 

1 0  
Department o f  the Interior , Final . Environmental 

S ta tement for the Geothermal Leas ing Program , Vo l . 1 ,  1 9 7 3 . 
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1 9 7 2  was 2 , 6 4 5 , 0 0 0  acre s or about 2 . 6  percent o f  the s tate ' s  
land area . 1 1  

C a l i forn ia has a l arge s hare o f  U . S . o i l  r e s erve s . 
F i gure J- 4 1  i l lus trate s the location o f  o i l  f i e lds in 
Southern C a l i forni a , where the bulk o f  o i l  production occur s . 
Tertiary recovery proce s s e s  are e i ther currently underway or 
techn ical ly feas ible in the following count i e s : Fre sno , 
Kern , Ventura , Santa Barbara , Montere y , Orange , S an Lui s  
Obi spo , Los Ange l e s , and Kings . O i l  we l l s  are a l s o  located 
on the outer continental s he l f  of Southern Cal i forni a .  

Sur face Water
1 2  

About 6 0  perc ent o f  C a l i fo rn i a ' s  pre s ent water s upp ly 
is der ived from regulation and dive r s ion of the natural 
runo f f  from sur face s treams . Average annua l runo f f  var i e s  
tremendous ly from one part o f  the s tate t o  ano ther , ranging 
from 0 . 2  mi l l ion acre - feet in the Colorado D e s e r t  hydro logic 
are� to 2 7 . 2  mi l l ion acre - f e e t  i n  the North Coastal region . 
On the average , the total natura l  s ur face water s upp ly o f  7 1  
mi l l ion acre - feet i n  C a l i fornia i s  adequate to mee t  fore s e e ab l e  
demand s . Unfortunate ly , natural s tream runo f f  i s  n o t  evenly 
d i s tr ibuted in p lace or t ime . Mo s t  of the s tate ' s  runo ff i s  
i n  the northern portion ; about 7 5  percent occurs north o f  
S acramento whi l e  about 7 5  percent o f  the demand for irrigation 
and urb an water is s outh o f  Sacramento . Mo s t  o f  the rain f a l l 
and run o f f  occurs in the winter , whi l e  the p e ak demand for 
water supply occur s  in the summer .  T h i s  has nece s s ita ted 
the deve lopment o f  large - s c a l e  tran s fer sys tems invo lving 
the s torage and transportation o f  water a lmo s t  the entire 
length o f  the s tate . 

F i gure J- 4 2  i l lus trate s the ma j or surface wa te r s upp ly 
and conveyance fac i l it i e s  in C a l i forn ia in 1 9 7 4 . There are 
1 6  ma j or r iver bas ins in Cal i fornia that are u s ua l ly divided 
into 1 1  hydrological areas for s tudy purpo s e s . O f  particular 
intere s t  to thi s  analys i s  are the Co lorado De sert , S o uth 
Coa s ta l , South Lahontan , Tul are Bas in , and Central Coastal 
regions s ince o i l -producing activi t i e s  are found princ ipal ly 
in the s e  areas . 

1 1  Bure au o f  Census , S tati s tical Ab s trac t s  o f  the Uni ted 
State s , 1 9 7 5 . 

1 2 s tate o f  C a l i forni a , The Re sources  Agency , C a l i forn ia 
Wa ter P lan , Out look in 1 9 7 4 . 
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F igure J - 4 1 . O i l  f i e lds i n  Southern C a l i fornia . 
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rouna a e r  

T he ful l  extent o f  C a l i fo rn ia ' s  g roundwater re sour c e s  
i s  n o t  comp l e t e l y  known . Whi l e  the areas o f  water-bearing 
undergroun d  s trata have been gene ral ly de l ineated o n  a 
s ta tewide ba s i s , detailed knowledge o f  s torage capac i ty and 
o the r c harac ter i s tic s ha s been l imited prima r i l y  to the 
ba s in s  mo s t  heav i l y  used where t he need i s  the mo s t  immediate 
and where a wealth of fac tua l data is  ava i l ab l e  for s tudy . 
Many i nve s tigations conduc ted be fore the 1 9 5 0 ' s  were l imited 
to depths be low t he surface cons idered to repre sent a l im i t  
t o  economic pump ing , even t ho ug h  u s a b l e  water may ex tend to 
muc h greater depths . I n  some ca se s , ac tua l pump ing depths 
are i n  exc e s s  o f  o r iginal pro j e c t ion s . At pre sent , e s t imate s 
o f  s torage capac i ty are gene ral ly o n  the conservat ive s ide , 
e spec i a l l y  in the l e s s  deve loped groundwater areas . 

S ta tewide , groundwater supp l i e s  pre sently provide about 
5 . 2  mi l l ion acre - fe e t  o f  safe y i e ld or about 1 7  percent o f  
the pre s ent dependab l e  water suppl i e s .  P ump ing in exce s s  o f  
s a f e  y i e l d  i s  caus ing an e s t imated 2 . 2  mil l io n  acre - fe e t  
average annua l w i thdrawa l o f  g roundwa ter s torage ( ne t  ove r
dra f t )  throughout the s tate . An add i t ional 7 . 6  mi l l ion 
acre - fe e t  o f  annua l groundwater extra c t io n  cons ti tute s reuse 
of wate r  perc o l ated from c an a l s  and d i s tr ibution s y stems and 
from exc e s s  surface app l icatio n s . I n  to ta l , groundwater 
pump ing provide s about 4 0  percent ( 1 5 mi l l io n  acre - f e e t  per 
year ) of the p r e s ent app l ied water needs of the s ta te . 

Groundwa ter ba s i n s  are shown i n  F igure J- 4 3 .  Mo s t  o f  
the aqu i f e r s  i n  S outhern C a l i fornia are a l l uvium and o lder 
sedimen t s . On l y  the coa s ta l  reg ion s of Ven tura and Lo s 
Ange l e s  record any vo lcan i c  depo s i t s . Groundwater condi tions 
i n  the f ive o i l -produc ing hydro lo g i c  area s are d i sc u s s e d  
be low . 

Centra l Coa s tal Hydrologic Area . S ig n i f icant sour c e s  
o f  g round water have b e en ident i f ied i n  2 4  ba s i n s  with 
a tota l are a  of about 3 , 5 0 0  square mi l e s . Water
bear ing depo s i t s  range from 2 0 0  to 4 , 0 0 0  feet i n  
t h i ckne s s . T h e  gro s s  s torage capac i ty i n  the C entra l 
Coa s ta l  area i s  2 0 , 0 0 0 , 0 0 0  acre - fe e t ,  o f  which 7 , 6 0 0 , 0 0 0  
acre - fe e t  are usabl e . Ground wa ter i s  the ma in source 
o f  supp l y  in the Central Coastal area , and present use 

1 3
state of C a l i fo rn i a , The Re source s  Agenc y , C a l i fornia 

Water _P  l ar� Out l o o k  in 1 9  7 4 .  
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exceeds the average s upply by about 1 4 0 , 0 0 0  acre - f e e t  
p e r  year . 

S outh Coastal Hydro logic Are a . S ign i f i c ant groundwater 
source s have been identi f ied in 4 4  b a s ins with a tota l 
area o f  about 3 , 0 0 0  s quare mi le s . Inc luded are four 
large bas ins ( the Lo s Ang e l e s  coastal p l a in , the S an 
Gabr i e l  Val ley , the Orange County c o a s ta l  p lain and the 
upper S anta Ana River Bas in )  and three ma j or smal ler 
b a s i n s  ( the Oxnard P lain , F i l lmore , and S an Jac i nto 
Bas ins ) . Wate r -bear ing depo s i t s  range from 5 0  to 2 , 5 0 0  
feet i n  thickne s s . The s torage capac i ty o f  the b a s in s  
i s  about 1 0 0 , 0 0 0 , 0 0 0  acre-feet o f  which 7 , 0 0 0 , 0 0 0  i s  
e s timated t o  b e  usable . The re i s  a current annual 
overdr a f t  o f  1 6 0 , 0 0 0  acre - f ee t , mainly in Ventura 
County , the Upper S anta Ana River Bas in , and Coas tal 
Orange county . 

Tul are Ba s in Hydrologic Are a . Ground wate r is a ma j or 
s ource o f  water suppl y  i n  the Tulare Bas in . About 6 5  
percent o f  the agr icultural app l ied wate r demand and 
virtua l ly a l l  of the mun i c ip a l  and indus tr i a l  app l i e d  
wate r demands are m e t  by groundwater pump ing . In 
1 9 5 7 , total s torage c apaci ty was e s t imated at 2 7 5  
mi l l ion acr e - f ee t ; a s  o f  spring 1 9 5 7 , 1 8 2  mi l lion acre 
f e e t  o f  water was in s torage . Groundwater withdrawal 
in exce s s  o f  repleni shment s ince s pr ing o f  1 9 5 7  has  
reduced the amount o f  ground water in s torage by abo u t  
2 0 , 0 0 0 , 0 0 0  acr e - f ee t . The 1 9 7 2  overdra f t  o f  ground 
wate r in s torage is e s timated at 1 , 3 0 0 , 0 0 0  acre - f e e t  
annua l ly . 

South Lahontan Hydro logic Are a . The wate r -bear ing 
depo s its range in th ickne s s  from 30 to about 2 , 0 0 0  
feet . The total s torage capac i ty o f  the area ' s  bas ins 
i s  pres ently e s timated at about 1 9 4 , 0 0 0 , 0 0 0  acre - fe e t  
o f  which about 7 0 0 , 0 0 0  acre - fe e t  a r e  known t o  b e  u s ab le 
in Ind i an We l l s  Val ley , the on ly bas in where a deter
mination has been made . Mo s t  o f  the groun dwate r u s e  is  
in the Ante lope Val ley and the Mo j ave River Ba s in s , 
both o f  whi ch are i n  an overdra f t  condi t ion total ing 
about 1 2 0 , 0 0 0  ac r e - f e e t  per year . 

Colorado De sert Hydro logic Area . Thickne s s  o f  wate r 
bearing depos its ranges from 5 0  t o  2 , 8 0 0  fee t . Total 
s to rage c apac ity of the hydrologic area i s  about 
1 5 8 , 0 0 0 , 0 0 0  acre-feet ; and u s ab le capac i ty , determined 
only for the Coache l l a  Val ley , is 3 , 6 0 0 , 0 0 0  acr e - f ee t . 
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Ground water i s  used ma inly for agr ic u l ture in the 
Coache l l a Va l le y  where a c urrent overdr a f t  i s  e st imated 
to be about 3 3 , 0 0 0  acre - fe e t  annua l ly . There is a l so 
an overdra f t  o f  about 5 , 0 0 0  acre - fe e t  per year in 
Luc erne Va l le y . 

Wildl i f e  and Recreation
1 4  

The four b iome s mentioned under land r e sourc e s  suppo r t  
a wide var iety o f  wi ldl i fe . S ome spec ie s o f  wildl i f e  in 
Ca l i fo rn ia require hab itat prote c t ion to s urvive wh i l e  
o the r s  need add i t iona l protec ted hab itat t o  ma inta in popu
l a t io n s  that w i l l  b e  bene f i c i a l  to soc i e ty . Ripar ian 
hab i ta t s  ad j acent to r iver s ,  lake s , and o ther wa terways ar e 
particularly important to many spec i e s . Mounta in va l l e y  
hab ita t s  a r e  l imited f o r  many d e e r  and the f ew rema in ing e l k  
herd s ; comp e t i t ive u s e s  o f  the se va l l e y s  f o r  c a t t l e  graz ing , 
inten s ive recreat ion u s e , and re servo ir s i te s p la c e s  add i 
t ional s train on the anima l population s . 

The Pac i f ic F l yway for water fowl pa s s e s  through the 
entire l ength o f  C a l i forn ia from the Mex ican to the Oregon 
border s .  Ma r s h  areas wh ich provide re s t ing , ne s t ing , and 
f eeding area s are e s sential to ma intain the p r e sent popula
t ion s o f  the s e  b i rd s . Fre shwa ter and anadromous f i she r i e s  
a r e  important t o  the rec r e a t iona l and economic we l fare o f  
the s tate . Good spawning a re a s  f o r  anadromous f i s h are 
l imited and in many natural streams dr y s ea son f l ows are not 
s u f f i c ient to ma inta in opt imum f i s h  popula t ion s . 

I n  the C a l i forn ia prair i e  gra s s l and , the Cal i forn ia 
ground s quirre l is the mo s t  c harac ter i s t i c  spec ie s . Many 
an ima l spec i e s  are gra z er s  or burrowe r s , and a large numb e r  
o f  birds a r e  ground ne s te r s . I n se c t  l i f e  i s  abundant and 
heavi ly u t i l i z ed as food by many secondary consume r s . I n  
the Mo j ave De s ert a r e  poc ket mice , de sert iguan a s , and 
d e s e r t  torto i se s . Death Va l l e y  ha s 3 9  d e s e rt manuna l s  and 
approximate l y  1 0 0  spec ie s o f  b i r d s . There are f ewer rep 
t i l e s  in the cold d e s er t ;  genera l l y ,  many o f  the same 
an ima l s  a s  are found in the ho t de sert are found there . 
Ma j o r in f l ue n t s  are Great B a s in coyote , badger , ante lope and 
mul e  deer . Threatened or endang ered spec i e s  o f  f i s h  in the 
Cal i forn i a  de sert b iome s inc lude p i �te cut throa t trout ; 
d e s e r t , tecopa , and Owen s  pup f i s h ;  and the Mo j ave c hub . 

1 4
s tate o f  C a l i forn i a , The Re sourc e s  Agenc y , C a l i forn ia 

Water P l an , Out look in 1 9 7 4 . 
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I n  the C a l i forn i a  chappara l ,  mul e  deer o f  s everal 
sub s pec i e s  are wide-ranging ; turkey , wild boar , and s everal 
exotic game spec i e s  c an be found . Typ i c a l  mammal s  i nc lude 
the mountain l ion , bobc at , coyote , gray fox , wood rat , 
s kunk , and brush rabb i t . Merriam chipmunk , C a l i forn i a  
mouse , and f ive -toed kanagaroo rats are a l so found in thi s 
are a . The re are numerous sma l l  b i rds and l i z ards ; but 
exc ept for the tree frog , amphib ians are abs ent . 

I n  the coni ferous fore s t  b iome are found wo lverine , 
lynx , red s quirre l ,  and s nowshoe rabb i t . Moo s e  and white
tai led deer are w idely d i s tributed . Smal le r  typ i c a l  spec i e s  
inc lude the porcup i ne , woodc huck ,  we as e ls , snowshoe rabbi t , 
northern f lying s quirre l ,  marten , red s quirre l , c hipmunk , 
and various mice and shrews . 

The re are 2 , 5 4 4  s tate , mun i c ipa l , and county park and 
recreation areas in C a l i fo rni a . Altogether they c omp r i s e  
8 9 2 , 6 0 0  acres o f  the s tate land . In 1 9 7 3 , f i shing and 

15 
hun t ing l ic en s e s  generated over $ 1 8 . 7  mi l lion in income . 
Fre shwater f i shing and waterfowl hunting a lone accounted for 
over 2 2 . 1  mi l lion user day s in 1 9 7 o . 1 6  

Energy 

I n  1 9 7 4 , total e le c tr ic a l  energy u s e  in C a l i fornia was 
1 4 8 m i l l ion megawatt-hours .  Indus tr i a l , commerc i a l , and 
res ident i a l  usage were roughly equiva lent , accounting respec
tively for 2 8 . 6  percent , 3 1 . 2  percent , and 2 7 . 6  percent o f  
the total f igure f o r  the s tate . 1 7  Ene rgy us age i s  uneven ly 
d i s tr ibuted over the s tate , the South Coas t a i r  bas in 
con s uming about 5 0  percent o f  the s tate ' s  total e nergy . 1 8  

1 5Bureau o f  C ensus , Stati s t ical Ab s trac ts o f  the Un ited 
S tate s , 1 9 7 5 . 

1 6
s tate o f  C a l i fo rn i a , The Resource s  Agency , Ca l i forn i a  

Water P lan , Outlook i n  1 9 7 4 . 

1 7F d 1 
. . 

S . . f . e  era Power Commi s s ion , tat i s ti c s  o 
Owne d  E le c tric Uti l i ties in the U . S . , 1 9 7 4 , p .  
Power Commi s s ion , S tdti s t i c s  o f  Pub l i c ly -Owned 
Uti l i t i e s  in the U . S . , 1 9 7 4 , p .  4 -A to 7 -A .  

P rivate ly-
7 0 2 ; Federal 
E le ctric 

18  · . 
l '  f . I l '  . f E . J .  Li s t , Ene rgy Use in Ca i orn ia : mp ications or 

the Environment ( P a s adena , C a l i f . :  C a l i forn i a  I n s t i tute of 
Techno l ogy , Environmental Qua l i ty Laboratory , Decembe r  1 9 7 1 . 
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I n  1 9 7 4 , 7 1 . 4  percent o f  the energy consumed in Ca l i 
fornia was f rom o i l  or ga s hydroc arbon source s .  Hydro e l e c tr i c  
power ( 2 5 . 6  percent) i s  a s igni f i cant s ourc e  o f  energy , 
espec i a l ly i n  the Northwe s t , S ac ramento Valley , and S an 
Joaquin Va l ley . N ine nuc lear power p l ants are p l anned for 
Ca l i fornia by the year 2 0 0 0 ; three p lants were operative , 
the Humbo ldt Bay , S an Ono fre Unit 1 ,  and the Rancho Seco 
Uni t  1 ,  accounting for 3 perc ent o f  1 9 7 4  generation . 1 9  
The two D iablo County Units ' 5s t imated dates o f  c orrune r c i a l  
operation a r e  1 9 7 6  and 1 9 7 7 . 2 

4 . 4  E nvironmental Qua l i ty 

Air Qua l i ty 

There are n ine a i r  qua l i ty ma intenance areas i n  C a l i 
forni a ; s ix a r e  loc ated i n  o i l -produc ing a r e a s  o f  t h e  s tate . 
The South Coa s t  and San D iego Air Bas in AQMA ' s  inc lude pa rts 
of S anta Barbara , Los Ange l e s , Rivers id e  and S an Diego 
Countie s , and a l l  o f  Orange and Ventura Count i e s . A l l  o f  
Fre s no and Tulare Counti e s  are AQMA ' s , a s  are parts o f  Kern 
and S an Bernardino Counti e s  ( s e e  F igure J - 4 4 )  . 

The dominant pol lutants o f  concern in nearly a l l  o f  
thes e  AQMA ' s  a r e  suspended parti culate matter and 
photochemical oxidants . I n  addition , c arbon monoxide 
leve l s  mus t  b e  contro l le d  in Kern County , the Sacramento 
Val l ey , the S an D iego air bas in , and the South Coas t a i r  
bas in . The South Coa s t  b a s in i s  a l s o  de s ignated a mainte
nance area for sul fur d ioxide and nitrogen d ioxide contro l . 
T ab le J - 2 3  contains the h i s tory o f  moni tor vio l at ions ( o f  
the NAAQS ) for the AQCR ' s  located i n  the s outhern ha l f  o f  
Cali fornia for 1 9 7 4 . Inspec tion o f  this tab l e  not only 
indicates which AQCR ' s  were in vio lation , but also the 
numbe r  o f  mon i tors that reported the s e  vio lations . S imi l ar , 
though incomp l e te data for 1 9 7 5  have been used to e s t imate 
the AQCR comp l iance s tatus for 1 9 7 5 , and the s e  figures are 
pre sented in T ab l e  J- 2 4 . It is noted that me tropo l i tan Los 
Ang e l e s  might viol ate the sul fur d ioxid e  s tandards due to 
fue l switching even though no vio lations had been incurred 

1 9
F ederal Power Commi s s ion , S ta t i s t i c s  o f  P rivate ly

Owned E le c tric Util ities ; F ederal P ower Corruni s s ion , S tati s 
t i c s  o f  Pub l i c ly-Ow�ed E l ectric Uti l i ti e s . 

2 0
we s tern Inter state Nuc l ear Board , Impacts of Alterna

tiv�J:.ectr i c i ty Supply Sys tems for C a l i forn i a , May 7 ,  1 9 7 6 . 
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AQMA AQMA P O L LUTANTS 
N u m ber PM S02 co Ox N 02 

California 

Fresno County 03 1 A  x x 
Kern Cou nty 03 1 8  x x x 
Sacramento Val ley Area 028A x x 
San D iego Air  Basin 0 1 9A x x x 
San F rancisco Bay Area Air B asin 030A x x x 
San Joaquin & Stan islaus Cou nties 0 3 1 C  x x 
South Coast Air  B asin 024A x x x x x 
Southeast Desert 033A x 
Tulare Cou nty 031 D x 

F i gure J- 4 4 .  C a l i forn i a  Air Qua l i ty Maintenance Areas . 
( U . S .  Environmen tal P rotec t i on Agency , Gui del ines for Ai r 

Qua l i ty Maintenance P lanning and An alys i s , Vo lume 1 4 : Des ig
nated Air Qua l i ty Maintenance Areas , Decemb e r  1 9 7 5 , F igur e  6 ,  
p .  4 8 . )  
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TABLE J- 2 4  

E ST IMATE D  ATTAINMENT OF NAT IONAL TSP AND S 0 2 AMB I ENT 
AIR QUALITY STANDARDS BY AIR QUALI TY CONTROL REGION l 

( SOUTHE RN CALIF0RN IA )  

Pro b a b l y  Proba b l y  Atta i nm e n t  
w i  1 1  wi l l  n o t  s t a t u s  

AQCR a t ta i n  a t ta i n  u nce rta i n  

024 . Me tro p o l i ta n  Lo s Ang e l es  TSP so -
Fu e l  s� i tc h -
i ng may ca u s e  
v i o l a t i o n s 

02 5 .  No r th C e n t ra l  Coa s t  TSP 
so2 

029 . S a n  D i ego TSP so 
N o n - p o i n t Fu e l  s� i tch-
s o u rc e s  i ng may c a u s e  

v i o l a t i o n s  

0 3 1 . S a n  J o a q u i n  V a l l ey so2 T S P  
Fu g i t i ve 
du s t  a rea 

032 . S o u t h  Ce n t r a l Co a s t  TSP 
so2 

033 . So u t hea s t  De s e rt so2 TSP 
Fug i t i v e 
du s t  a rea 

1
Att a i nme n t  i s  ba s ed on mo s t  rec e n t  a i r  qua l i ty d a ta 

a v a i l a b l e ;  t h e s e  do n o t , i n  a l l c a s e s , refl e c t  f i n a l  comp l i a n c e . 
E s t i ma ted a t ta i nme n t  s t a t u s  fo r bo th  TS P ( to t a l  s u s pended p a r 
t i c u l a te )  a n d  S 0 2 ( s u l fu r  d i ox i de )  i s  b a s ed o n  a n n u a l  a n d / o r  
2 4 - h o u r  a v e ra g es . Commen ts n o t i n g  fa c to r s  t h a t  p re v e n t  
a t ta i nment a r e  o c c a s i o n a l l y  i n c l u d ed i n  the l a s t  two co l u mn s ; 
t h e s e  co�me n t s , l i k e the  a t ta i nme n t  s ta t u s , a re b e s t  e s t i ma te s  
a n d / o r  j u d g emen ts . 
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the previous two year s . The same i s  true for the S an D iego 
AQC R .  Otherwi s e  i t  is not surp r i s ing that suspended particu
l ate s s hould be the ma j or problem in 1 9 7 5  a s  it had been in 
the pa s t . The S tate o f  C a l ifornia ha s been a sked to rev i s e  
i t s  c lean a i r  imp l ementation p l an s  t o  e f fe c t  be tter contro l 
ove r particulate s ,  c arbon monoxide , and n i trogen dioxide 
r e l e a s e s .  

2 1  
Water 

Sur face Water Qua l i ty 

Thirty-one water qua l i ty c l a s s  segme n t s  have been 
de s i gna te d in C al i forn ia . The s e  are s igni f ic an t  areas in 
view o f  the a ttention that mus t  b e  direc ted to them to 
con form to P L  9 2 - 5 0 0 . B a s i n s  of particular i n tere s t  in 
con s iderat ion of o i l -produc ing tec hno log i e s  inc lude t he 
fol lowing . 

Central Coa s ta l  B a s in . Water qua l ity problems in the 
Central C o a s t a l  B a s in are var ied . S ho r t  outf a l l s  into 
s hal low and poorly c irculat ing o c e an wate r s  are c au s ing 
problems a long the north and south s hore s o f  Monterey 
Bay and at S anta Barb ara . Agr icul tura l drainage , 
nutr ient s and pe s t i c ide s are prob lem sour c e s  in the 
S a l ina s River ; septic tank s y stem prob lems ex i st in the 
S an Loren z o  subba s in and at sma l l e r  c ommun i t i e s  a long 
the coa s t  such a s  Cambr ia . 

Tul are Lake Ba s in . The ma j or water prob l em in the 
Tulare Lake B a s in i s  a demand for more water than can 
be s upp l ie d  b y  e x i s t ing sourc e s . Thi s ha s cau s ed 
severe groundwater ove rdr a f t ing and an adver s e  sa l t  
balance i n  t h i s  e s s en t i a l l y  c lo sed b a s in . 

South Lahon tan Ba s in . Water qual ity pro b l em s  in the 
no r thern par t o f  the So uth Lah on tan B a s in re late to 
improper treatment o f  mun ic ip a l  and dome s t i c  wa s te 
water s .  

We s t  Co lo rado River Ba s in . The ma j or wate r qual i t y  
problem in t h e  We s t  Co lorado River ba s in i s  t h e  high 
and increa s ing s a l inity o f  the S a l ton Sea . The s e a  i s  

2 1
s ta te o f  C a l i fornia , The Re sour c e s  Agency , C a l i fornia 

Water P l an , Outlook in 1 9 7 4 . 
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somewhat s al t i e r  than the oceans and i s  approaching the 
s a l i n i ty in which f i s h  c an no longer s urvive . Other 
prob l ems are : ( 1 )  the l imi ted amount and increas ing 
s a l i n i ty o f  the Colorado River s upp ly ;  ( 2 )  nutrient 
contamination o f  the S alton S e a  by i n fl ows of the N ew , 
Alamo and Whi tewater River s  f rom agricultura l ,  munic ipal 
and i ndus trial  wa s tewate r s ; and ( 3 )  overdraft o f  high 
qua l i ty g round water in the Coache l l a  Val ley . 

Groundwater Qual i ty 

The chief  source o f  C a l i fornia ' s  groundwater qua l i ty 
prob l ems i s  overdraf ti ng . Water demands in the c entral and 
s outhern coastal regions exce ed ing l o c a l  dependab le s upp l i e s  
have r e s u l ted in overdrafting-provoked s a l i n i ty intrus ion i n  
certain coa s ta l  aqu i fe r s . The s e  and other g roundwater areas 
o f  inter e s t  are d i s c us s ed below . 

Central Coa s ta l  Bas in . S a lt balance and groundwater 
qua l ity prob lems e x i s t  in the Lower S a l i na s  Va l ley , 
Ho l l i s ter -Tre s P inos , Soda Lake and Carme l Rive r are as 
due to extrac tions and return flows . Groundwater 
qual i ty is not suitab le in portions of the S anta Mar i a  
and S anta Yne z s ubba s ins . In the s outh e rn region o f  
the b a s in there i s  a current ove rdraft o f  about 5 0 , 0 0 0  
acre-feet per year , ma inly i n  S anta Barbara County , but 
inc luding i nl and are a s  of San Lui s Ob i s po Coun ty . 

South Coas ta l  Bas in . The d i s so lved s o l i ds content o f  
the wate r i s  gene ra l ly l e s s  than 1 , 0 0 0  mg/l , but l oc a l l y  
i s  more than 3 6 , 0 0 0  mg/ l . Chron ic overdraf ting h a s  led 
to l and sus idence in some areas o f  the b a s i n . 

South Lahontan Bas in . Mo s t  va l leys have s ome ground 
water with l e s s  than 8 0 0  mg/ l , d i s s o lved s o l id s  but 
many a lso have water s  with several thous and mg/ l . P oor 
qual i ty gro und waters , caused loc a l ly by perco l at ion o f  
was tewater s  f rom mining ope ra tions and more generally 
by down-gradient subsurface flow , are prevalent in the 
Amargo s a  River are a . S imi l ar groundwater degradation 
oc cur s near Boron due to perco l a tion o f  mine water s . 
Occurrence s  o f  over f low of the Lanc aster oxidation ponds 
o f fer a potential  pub l i c  hea l th haz ard . At Bar s tow 
inadequate ly treated mun icipal  and indus t r i a l  was tewaters 
have cre ated a " tai l "  o f  poor qua l ity ground water down
s tream o f  the di s charge point caus ing s igni f icant qua l i ty 
deter ioration in loc a l  dome s t ic we l l  s upp l i e s . 
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Tulare Lake Bas in . The ma j or water probl em in the Tul are 
Lake Bas in is a demand for more water than can be s upp l ied 
by e x i s ting source s . Thi s  has c aused s evere groundwater 
overdrafti ng and an adve r s e  s a l t  b a l ance i n  th i s  e s sen
t i a l ly c lo s ed bas in . A prob lem a s soc i ated w i th over 
d r a f t  i s  d e e p  subs idence . Sub s idence on t h e  order o f  
2 5  feet has b e e n  exper ienced in portions o f  t h e  bas i n  
s ince 1 9 3 5 . 

Colorado Desert Hydro logic Are a . Mos t  val l eys have some 
ground water with l e s s  than 6 0 0  mg/ l  d i s s o lved s o l ids , 
but s ome have a s  much as s everal thous and mg/ l . The 
qua l i ty of the large vo lume of ground water in the Imr,er i a l  
Val ley i s  so poor that i t s  use i s  very l imited . 

Land 

Sub s idence of the l and s ur f  ace has been occuring in 
C a l i fornia for many years as a r e s ult of man ' s  activitie s . 
S ub s idenc e c an b e  categor i z ed into four type s  on the bas i s  
o f  c aus ative mechani sms : groundwater wi thdrawal s ub s idence , 
o i l  o r  gas withdrawal s ub s idenc e , hydrocompaction subs idenc e , 
and peat oxidation subs idence . The d istr i but ion o f  the four 
typ e s  of s ub s idence in C a l i forn i a  i s  shown in F igure J - 4 5 . 
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5 .  Lou i s iana 

5 . 1  Phy s iography and C l imate 

Phy s iography 

The who l e  s tate of Loui s iana is conta ined within the 
Gul f  Coastal P la in . Topographica l variation is s l i ght , 
con s i s ting main ly o f  a s e r i e s  o f  low r idge s and val leys 
par a l le l in g  the coast . The s tate c an be d ivided into three 
regions -- h i l l s , terrace s , and lowland s . Lowland regions 
made up of f loodp lain and mar s h  are found a long the Gul f 
coast and the Mis s i s s ippi f loodp lain . The h i l l s  o f  Louis iana 
are located in the northwes tern par i she s of the s tate , and 
the terrace s  o r  f lat uplands are found to the e as t  and we s t  
o f  the Mi s s i s s ippi flood p lain . 

F igure J - 4 6  i ndicate s the f ive ma j or natur a l  regions o f  
Lou i s i ana . The coa s ta l  marsh h a s  both fre sh- and s a l twater 
regions with largely muck and peat s o il s . The Mi s s i s s ippi 
f loodp lain i s  characte r i z ed by pas s e s  ( the d e l ta ) , natural 
leve e s  ( frontlands o f  r iverbanks s tanding above the swamp 
l eve l ) ,  and swamp s . The Red River Va lley i s  d i s tinctive by 
virtue o f  i t s  red s o i l s . Terraces repre s ent o lde r a l luvium 
and are broken down i nto thre e  typ e s  on the bas i s  o f  re l ie f , 
s o i l , and vegetation : h i l l  regions exhibit the mo s t  mature 
s o i l  type s  and two maj or fore s t  type s , longleaf and shortl e a f  
p ine . l 

C l imate 

I n  Loui s iana , maximum precipitation occurs in the 
southe a s t  near the coast and decre a s e s  in a northwe s te r ly 
direction , a s  i l lus trated in F igure J - 4 7 . Mean annual 
va lue s range from 4 8  inche s in the northwe s t  to 6 4  inches in 
the s outheas t . Humidity is highe s t  in south Loui s iana , and 
dec l ines to the north and we s t  away f rom the coas t . 

Genera l l y , movement of air in Louis iana i s  from we s t  to 
e a s t . Lou i s i ana has e s s en t i a l ly a two- season c l imate , 
d i s t inguished by e ither the absence o r  pre s ence o f  polar 
fronts . Winter is a time o f  al ternating a i r -mas s  contro l , 
trop i c a l  then polar , with a l l  o f  the frontal e f fe cts and an 

1
Fred B .  Kn i f fen , Lou i s i ana : I t s  Land and Peop le 

( Baton Rouge : Lou i s iana S tate Unive r s i ty Pre s s , 1 9 6 8 ) . 
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outward ( Gu l fward ) monsoon e f fe c t . During the period o f  
June through November , trop ica l s to rms occur w i th a high 
f r equenc y . I n  a period o f  8 3  years , Lou i s i ana e xper ienced 
9 2  trop ica l storms . Hur r ic an e s  appear on the average o f  
once every 4 years , with

2
S outh Lou i s i ana frequently suffer

ing the greates t  impact . The  average wind speeds  reco rded 
acro s s  Loui s i ana range f rom l e s s  than 3 . 5  meters per s econd 
in N ew Orleans to greater than 4 meters per s econd in 
Shreveport . Low wind speeds are quit e  common all acro s s  the 
s ta te , occurring 1 1  percent o f  the t ime at Lake Char l e s  and 
over 2 3  percent of the t ime at Monroe . The s tate average o f  
reported hour s o f  winds l e s s  than 1 . 5  meters per s econd 
accoun t s  for 17 percen t  of a l l  reporting peri od s . 

5 . 2  Popu l a t ion and Economy 

Population 

The f i gure s for 1 9 7 0  place the Lou i s i an a  population at 
3 , 6 4 1 , 0 0 0  and a dens i ty o f  3 7 . 2  people per square mi l e . A 
l it t l e  more than 6 6  percent o f  the popu l at ion i s  urban . New 
Orl e an s , S hreveport , and Baton Rouge are ma j or population 
centers accounting for about 2 6  percent of the total s tate 
population . 3 About 4 4  percent of the population l ives in 
coastal Lou i s iana . 4 

For many year s Lou i s i ana ' s  unemp loyment rate has been 
e xc e s s ive ly high in comparison with tho s e  o f  the o ther 
southern s tate s and o f  the nation a s  a who l e . Loui s i ana ' s  
s easonal ly ad j us ted unemp loyment rate s for the l a s t  three 
month s o f  1 9 7 5  were 8 . 6 ,  8 . 6  and 8 . 3  percent in compari son 
with the n ational f igur e s  o f  8 . 5 ,  8 . 3  and 8 . 3  percent . P e r  
c a p i t a  per son a l  income in 1 9 7 4  ( $ 4 , 3 9 1 )  c omp ared f avorab ly 

2
u . s .  Bureau o f  the C e n s us , S tati s t i ca l  Abs tract o f  

the United S tate s , 1 9 7 5 , 9 6 th E d i t ion , 1 9 7 5 . 

3
Lo uis iana S tate P lanning O f f i c e , O f f i c e  o f  the Governo r , 

The S tate o f  the S tate in 1 9 7 6 : An Eco nomic and Soc i a l  
Report t o  the Governor , May 1 ,  1 9 7 6 . 

4
Loui s i ana Department o f  Cons ervation , S econdary Recoverv 

and P r e s sure Maintenanc e Operations in Loui s i ana , 1 9 7 4 . 
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with other s outhern state s ,  but wa s below the nat ional and 
southea s te rn figure s . s 

In 1 9 7 4 , p e r s onal income der ived from non- f arm sourc e s  
wa s about 1 2  t ime s that from agricu ltur a l  sourc e s . Who l e 
s a l e  and r e t a i l  trade and manufac turing were t he largest 
c ontr ibutor s  to  the total indu s tr i a l  figure of  $ 9 , 9 6 3  6 
mi l l ion , each account ing for about 2 2  percent o f  the to ta l . 

C hemica l s , food , and p etroleum are the leadin g  ma j or 
i ndu stry group s in va lue added by manufac ture . 7 I n  1 9 7 4 , 
c hemi c a l  and a l l ied produc t s  repre sented about 1 9 . 4  percent 
o f  the per sonal income derived f rom manufactur i n g , whi l e  
manufac ture o f  food and re lated produc t s  contr ibuted a p 
prox ima t e l y  1 2  percent . P e troleum r e f ining income wa s on 
the order o f  1 0  percent of t he total manufac tur ing f igure o f  
$ 2 , 2 0 6  mi l l ion do l la r s .  Other s i gn i fican t  manufac tur ing 
group s inc luded tran sportation ( exc luding mo tor vehicl e s ) , 
paper and a l l ied produc t s , and lumber and wood produc t s  
( exc l uding furni ture ) .  Fo r e s tr y  c o n s t i tutes an important 

mult i -b i l l ion do l lar indus try for the Lou i s iana economy . In 
1 9 7 5 , the total e conomic impac t  of the fore st industry wa s 
in e xc e s s  o f  $ 2  b i l l io n  through va lue added b y  harve s t  
operatio n s , transp�r tation , manufacture , a n d  marke t ing o f  
f i n i shed produc t s . 

The petro l e um i ndus try exerts a pro found i nf luence on 
the s tate ' s  economy . More t han 6 2 , 0 0 0 people are employed 
i n  the produc t io n  and r e f i n ing o f  crude p e tro l e um and 

5
Lou i s i ana Department of Conserva tion , Loui s i ana Geo 

logical S urve y , and Lou i s iana Department o f  Pub l ic Works , 
Wa t e r  Re sour c e s  P amphlet No . 2 6 , Pumpage o f  Wat e r  in Loui s i 
ana , 1 9 7 0 ,  Ba ton Rouge , July 1 9 7 0 .  

6 Lo ui s iana S t a te P l anning O f f ice , The S tate o f  the S tate 
in 1 9 7 6 .  

7 u . s .  Bureau o f  Census , S ta t i s t i c a l  Ab s tract o f  the 
U n i ted State s , 1 9 7 5 . 

8
Loui s i ana S tate P lann ing O f f i c e , T he S tate o f  t he 

S ta t e  in 1 9 7 6 . 
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natur a l  g a s . 9 O i l  f ie l d s  are scattered throughou t  the 
s ta te , with the greate s t  conc entration o f  f i e l d s  in the 
northwe s t  and a long the coa s t , a s  s e en in Figure J - 4 8 .  
Dur ing 1 9 7 4 , Lou i s iana produc e d  a to ta l o f  3 8 5 , 8 2 0 , 5 4 5  
barre l s  o f  crude and c onde n sate , 2 7 . 7  percent o f  whi c h  wa s 
from s econdary recovery pro j ec t s . l o  Par i she s w i th s i te s 
amenab le to s econdary and tertiary recovery inc lude Bo s s ier , 
Caddo , Came ron , I b er ia ,  I be rvi l le , and S t .  Landry . 

There are approximate l y  4 2 , 0 0 0  farm s  in Lou i s iana that 
accoun t  for 9 . 8  mi l l ion acre s or 3 1 . 6  perc ent of the s tate ' s  
3 1  mi l l ion a c re s .  The s ta t e  rank s 2 8 th in the nation i n  
tota l farm marketing s o f  c rop and l ive s tock . P r incipal 
commodi t i e s  in o rder of  marke t ing rece ipts are soybe an s ,  
r ice , cattle , and co tton . 1 1  

N e a r l y  ha l f  o f  the approximate l y  4 . 6  m i l l ion a c re s o f  
c ropland pre sently i n  produc t io n  a r e  located in the bo ttom
l an d s  o f  the Re d and Mi s s i s s ippi River s . T he s e  a r e a s  con s i st 
o f  l eve l , highly produc t ive so i l s  tha t are we l l  s u i ted to 
the economic u se o f  l a rge farning equipment . Approximate l y  
9 0  percent o f  the rema in ing 2 . 3  mi l l ion ac re s o f  crops are 
grown on s i lty up land and coa stal p ra i r i e  s o i l s .  Val ue o f 
crop s in 1 9 7 5  w a s  ove r $ 1 0  b i l l ion . 1 2  

I n  1 9 7 4 , c a s h  rece ipts from l ive s tock and produc t s  were 
approximate l y  $ 3 6 0  mi l l ion . Thi s f igure repre sents  about 2 9  
percent o f  total c a sh rece ipts from f a rm ma rketing s .  
Cattle , ca lve s and r e l a ted produc t s  were the mo s t  s ign i f i 
cant contr ibuto r s  t o  l ive s to c k  receipts in thi s per iod . 1 3  

9
Lou i s i ana S tate P l anning O f f i c e , The S tate o f  the 

S tate in 1 9 7 6 . 

1 0 oepartment o f  Con s ervation , S econdary Recove ry and 
Pre s sure Maintenance Operat ion s i n  Loui s iana , 1 9 7 4 .  

11  U . S .  Bureau of Cen su s , S ta t i s ti c a l  Ab s tract of the 
United State s , 1 9 7 5 . 

1 2
Loui s iana S t ate P lann ing O f f i c e , The S tate of the 

S tate in 1 9 7 6 .  

1 3  
U . S .  Bureau o f  Census , Stat i s ti c a l  Ab stract o f  the 

Uni ted S tate s , 1 9 7 5 . 
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5 . 3 Re sourc e s  

Land
1 4  

Land u s age f igur e s  show tha t upland fore s t s  account for 
the greate s t  land use ( 3 0 . 6  p e rcent ) in Lou i s i ana . Twenty
four percent of the state ' s  to tal area is agricultura l . T he 
water area o f  2 2 . 7  percent i s  apport ioned b e tween Gul f  o f  
Mexico ( 1 4 . 2  percent ) and i nland water ( 8 . 5  percent ) . 
Lou i s iana ' s  we t land s cover more area than the entire s tate 
of Maryl and . 6 , 7 8 0 , 6 4 4  acre s o f  swamp and mar s h  cover 1 8 . 6  
percent o f  the l and . On ly 3 . 5  percent o f  the s tate ' s  land 
is u sed for urban and bu i l t -up purpo se s ;  a lmo s t  ha l f  o f  tha t 
amount ( or 1 . 7  percen t ) i s  in extrac t ive u se s ,  ma inly o i l  
and ga s .  

Lou i s iana ha s been divided into e ight p lanning d i s 
t r i c t s  a s  seen in F i gure J - 4 9 . D i strict 1 i s  princ ipa l ly 
water and we tland s , with mo re than 6 9  percent o f  the total 
land area taken up with water . D i s t r ic t  3 inc l ude s 4 . 2  
percent o f  the state ' s  we t land s and ac count s for more than 
4 1  percent o f  i t s  are a . Agr icultura l land u s age i s  h ighe s t  
i n  D i s t r i c t  8 a t  4 6  percent o f  d i s t r i c t  land area . The 
ma j or fore s t  area o f  the s tate i s  loc ated in D i strict 7 
where 7 0  percent o f  the land i s  occup i ed b y  fore s t . Urban 
and bui l t -up l and i s  greate s t  in D i s t r i c t  3 ,  and repre sent s 
about 7 . 4  percent o f  the d i str ict l and . 

Tab l e  J- 2 5  s hows l and u s e  perc entage f igur e s  for the 
e ight state p lann ing d i stric t s . The f igure s above the 
d iagon al l ine repre sent the percentage of d i strict land 
u sed , whi l e  the f i gure s be low the d iagona l  l ine repre s ent 
the s tate perc entage of that particular land use located 
within tha t p lann i ng d i s t r ic t . For e xamp l e , agric ultural 
land u s e  in D i strict 4 is 3 3 . 2  percent , repre s enting 5 . 0  
p erc e nt o f  the tota l s tate area . 

D i stric t s  1 and 3 are predominant ly wa ter and we t land s . 
D i s tr i c t s  2 ,  6 ,  and 7 are covered mo s t l y  b y  up land fore s t  
with agricu l tura l  l a n d  occupying second po s i tion . D i str i c t s  
4 and 5 a r e  p r ima r i l y  agricul tura l ,  w i th s ign i f ican t  we tl and 
area s . E i ghty percent o f  D i s t r i ct 8 i s  taken up with agr i 
cultura l  and for e s t  ac t iv i t ie s .  

D i st r i c t  3 ha s 3 6 . 7  percent o f  Loui s iana ' s  6 1 8 , 7 3 5  
acre s o f  extract ive land . D i s tr ic t  4 has 1 9 . 9  percent o f  
the s tate ' s  extract ive land s , whi l e  D i s tr i c t  l ha s 1 6 . 2  
percent . The se three d i s tr ic t s  ac count for 7 2 . 8  percent o f  
a l l  extract ive lands in Loui s i �na . 

1 4  . . . Lou i s iana S tate P lanning O f f ice , The S tate of the 
S tate in 1 9 7 6 .  
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F i gure J - 4 9 . Lou i s iana s t ate p l anning di s tr i c t s . 
( Loui s i ana S tate P l ann ing O f f i ce , The S tate o f  the S t ate in 
1 9 7 6 : An E conomi c and Social Report to the Gove rnor , 
Fi gure 2 - 2 , p .  3 3 , from Loui s i ana S tate P l ann ing O f f i ce . )  
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Surface Water1 5  

Loui s iana h a s  numerous s tr e ams , l ake s , and waterways , 
and extens ive wet l and s . Addition al ly , the mouth o f  one o f  
the larg e s t  f r e s hwater drainage s y s tems i n  North Ame r i c a  i s  
located with in the boundari e s  o f  the s tate . Al though 
Lou i s iana ' s  water r e sour c e s  are vas t , they are not located 
in areas o f  greate s t  d emand . On a local s c a l e , some water 
re l a te d  problems have become inten s e  a n d  undoubtedly wi l l  
inc r e a s e  i n  s ever i ty i f  unchecked . 

The s ur f ac e  water s y stem o f  Louis iana forms a f ine 
network extending throughout the s tate ( F igure J - 5 0 )  . I n  
varying degree s , t h e  source o f  a l l  s ur f a c e  water i s  pre c i p i 
tation , runo f f , inf lows t o  t h e  s tate , a n d  ground wate r . The 
bas ic qual i ty of s ur f ac e  water is dependent upon the charac 
ter i s t ic s o f  i t s  sourc e . The Mis s i s s ippi , Atcha f a l aya , 
Pearl , S abine , and Red River s  and T o l edo Bend and Maurepas 
Lak e s  are the maj or surface freshwater bod i e s  i n  the s tate . 
I n  add ition , there are n umerous other l ak e s , r e s ervo ir s , 
chann e l s , b ayous , and swamp s . 

I n  1 9 7 0 , 7 , 5 4 2  mi l l io n  gal lons per day o f  s ur face water 
were pumpe d  i n  Lou i s iana . This  amount represents 8 3  perc ent 
of a l l  water pumpe d  in the s tate for indu s tr ial , thermo 
e l e c tric , irr igation and l i ve s to ck , and pub l i c  and rura l  
dome s ti c  u s e . Sur face wate r  supp l i e s  8 8  percent o f  a l l  
wate r  used b y  indus try , 5 4  percent o f  a l l  water u s ed for 
publ i c  s upply and rura l  dome s t ic use , and about 5 0  percent 
o f  the total water p umped for irrigation and l ives tock . 

I ndus try i s  the l ar ge s t  wate r  user i n  Loui s iana , 
ac counting for nearly 4 6  percent o f  the total s tate pumpage 
of s ur face and ground water . Total pumpage for thermo 
e l ectric u s e  i s  about 3 2  percent , whi l e  i r r i gation and 
l ives tock take up about 1 7 . 4  percent o f  comb ined s ur face 
and ground water u s ed . Pub l i c  s upp l i e s  and rura l  dome s t i c  
demands i n  1 9 7 0  wer e  about 5 percent o f  t h e  t o t a l  ground and 
s ur face water pumpage of 9 , 0 6 0  mgd . 

1 6  
Ground Water 

More than thr e e - fourths of Loui s iana is und e r lain by 
fres hwater aqu i f er s  capabl e  of yie lding mode rate to l arge 

1 5Lou i s iana S tate P l anning O f f ic e , The S tate of the 
S tate in 1 9 7 6 . 

1 6 oepartment of Cons ervation , Pumpage of Water in Lou i s iana , 
1 9 7 0 . 
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1 .  Red R iver 

2. Sabine R iver 

3. Toledo Bend Reservoir 

4. M i ssissippi R iver 

5. Catah oula Lake 

6. Pearl R iver 

7.  L a k e  P ontchartrain 

8. Lake M a u repas 

9. Atchafalaya River 

1 0. Coastal Cove 

F i gure J- 5 0 . S ur face water featur e s  o f  Loui s iana . 
( Loui s i ana S tate P l anning O f f i ce , The S tate o f  the S tate 
1 9 7 6 , F i gure 5 - 1 , p .  5 8 , from Loui s i ana S tate P l anning 
Off i ce . ) 
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supp l i e s  o f  ground water , with a con s iderab le part o f  i t  
s o f t  a n d  l o w  i n  mineral matter . About two -third s o f  a l l  
ground water pumped i n  the state i s  f rom Quaternary depo s i t s  
o f  P le i stocene and Rec ent Age s which unde r l i e  mo s t  o f  
Lou i s iana . S ome o f  the mo s t  exte n s ive and p ro l i f ic fre sh
water aqu i fe r s  of  North Ame rica are located i n  Lo u i s i ana . A 
p ronounced except ion i s  the c o a s t a l  are a , where virtua l l y  no 
f r e s h  ground wate r i s  found . The b a s e  o f  fre s hwa ter i n  
aqu i f e r s  thro ugho ut the rema i nde r o f  the s t a t e  r ang e s  i n  
depth from in exc e s s  o f  3 , 0 0 0  f e e t  t o  1 0 0  fee t or le s s . 
S a l ine l e n se s o r  s a l ine water aqui f e r s  occur loc a l ly a t  
intermediate depths w ith fre s hwa te r aqu i f e r s  above and 
below . Fo r mo s t  aqui f e r s  in Loui s iana , prec i p i tation i s  the 
principal source o f  recharge . 

Fo r the p urpo s e s  o f  groundwater examinat ion ,  Lou i s iana 
c an be divided i nto f ive geographic are a s . The s e  a r e a s  
inc lude : Southwe s te rn Lo ui s iana , B aton Rouge Area , B aton 
Rouge -New Or lean s Area , S outhe a s te rn Lou i s iana , and Nor thern 
and Central Loui s i ana . A map i l l u strat i ng the general ava i l 
ab i l ity o f  ground water in Lo u i s i ana i s  reproduced in F igure 
J- 5 1 .  An exte n s ive d i sc u s s ion o f  we l l  y i e l d s  i s  found in 
Wate r  Re source s Bul l e t in No . 1 ,  " Ground Water i n  Lou i s iana . '' 

The p r i nc ipa l u s e  o f  ground wa ter in Lou i s i ana i s  for 
irr igat ion and l ive s to c k ; more than 5 0  percent o f  a l l  ground 
water p umped i s  used for the s e  purpo s e s . I ndustr y  and 
pub l i c  supp l i e s and rura l dome s t i c  use  accoun t  re spec t ive l y  
for 3 2 . 5  percent a n d  1 3 . 6  percent o f  ground wat e r  u sed . 
About 1 7  percent o f  the water pumped in the state come s from 
g round wate r . 

Wi ldl i fe and Rec re at ion
1 7  

Wi l d l i f e  r e so urce s  i n  Lo u i s iana a re quite exten s ive . 
Fore s t  and f arm game a bound . S p e c i e s  o f  fore s t  game inc lude 
white -ta i l ed deer , wild turke y , squirre l s , and Amer i can 
woodc o c k . There are cougar , b lack bear , so uthern wo l f , 
bobcat , and fox . Farm game spec i e s  inc l ude bobwh i te qua i l , 
mourning dove , rabbit s ,  water fowl , and fur anima l s  s uc h  a s  
muskrat , mink , nutr i a ,  o t te r , and b e ave r . 1 8  

1 7
Lou i s iana S tate P lanning O f f i c e , The S tate o f  the S ta te 

i n  1 9 7 6 . 

1 8
Ly le S .  S t .  Aman t ,  Lou i s iana Wi l d l i f e  I nventory and 

Manageme n t  P lan ( P i ttman- Robertson S e c tion- - F i s h  and Game 
D iv i s ion , Loui s i ana Wi ld l i f e  and F i s h e r i e s  Commi s s ion , 1 9 5 9 )  
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F i gure J - 5 1 . General ava i l ab i l i ty o f  ground wate r i n  
o f  C on s e rvation , Louis iana Geo logical S u rvey and Loui s i ana 
Groundwa ter �n Loui s iana Wate r Re s ou_:i::._c e s , Bul letin Numb e r  

Loui s i ana . ( Department 
Depa rtment of Pub l i c  Work s , 

1 ,  Augus t 1 9 6 0 , P l ate 4 . }  



Hunting l i ce n s e s  i n  1 9 7 5  brought i n  a total revenue o f  
$ 1 . 2  mi l l ion . The tot a l  price o f  c onunerc ia l  fur catch 
( inc luding p e l t s  and mea t )  to the trapper in Lou i s i ana was 
$ 1 0 . 8  mi l l ion . The greate s t  number o f  p e l t s  taken i n  
Lou i s iana c ame from nutr ia and mu skra t ;  mone y  e a rn ed b y  
trappe r s  f rom the se two anima l s  was 8 4 . 5  percent o f  the 
total va l ue o f  a l l  p e l t s  and meat . 

Lou i s iana f i s hery re sour c e s  are large and diver s e . 
Commerc i a l  l anding s i n  1 9 7 4  tota led nea r l y  1 . 2  b i l lion 
pounds , with a doc k s ide va l ue of $ 8 6  mi l l ion . Add i tional 
proce s s ing and hand l ing brought t he tota l va lue to an 
e s timated $ 2 0 0  mi l l ion . Approx imate l y  1 7 , 0 0 0  peop l e  are 
emp loyed i n  comme r c i a l  f i s hi ng and c atc h-proce s s i ng . 
Re creational f i s hing i s  a l so a s igni f i cant f a c tor in Lou i s i
ana and i s  va l ued at over $ 2 0 0  m i l l io n  annua l l y . F i shing 
l ic en s e s  a lone b rought in about $ 2 0 0 , 0 0 0  i n  revenue in 1 9 7 4 . 

Lo u i s iana rece ived approx imate l y  $ 9 5 0  mi l l ion or 6 
percent o f  the total expend i ture s by trave ler s i n  the South 
i n  1 9 7 5 . Mo re than 7 mi l l ion v i s i tor s were recorded at 
s e lected to ur i st attractions in 1 9 7 5 . The s tate ha s 2 3  
s tate parks o f f e r i ng var ious a c t ivi t i e s  incl ud ing swimming , 
boat ing , f i s hing , and camp ing . 

Energy 

I n  1 9 7 3 , Lo u i s iana p roduc e d  5 4 , 1 6 2  mi l l ion kWh o f  
e le c t r i c  energy . Fo s s i l  fue l - powered uti l it i e s  accounted 
for 7 6 . 6  percent of e l ec tr i cal energy produce d ;  the r e 
maining 2 3 . 4  percent wa s s upp l ied by indu s t r i a l  p lant s . 
Total i n s t a l l e d  e lectrical  genera ting c apac i t y  for the s tate 
in 1 9 7 3  was 1 2 , 0 9 5  megawatt s . 1 9  

5 . 4  Environmental Qua l it y  

A i r  Qual i t y  

T here i s  o n e  Air Qua l i t y  Ma intenance Area in Lo u i s i ana 
s i tuated in the northwe s t  corner of the s tate ( s ee F igure J - 5 2 ) . 
Bo s s i er , Caddo , and Web s te r  par i she s f a l l  within thi s  area . 

1 9 u . s .  Bureau o f  C e n s us , S ta t i s t i c a l  Ab s tr a c t  o f  the 
Uni ted S tates , 1 9 7 5 .  
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AQM A AQMA PO L L UTANTS 
N u m ber PM so? co O x N 02 

Louisiana 

Shreveport 022A x 

F i gure J- 5 2 .  Loui s iana Air Qua l i ty Mainten ance Areas . 
( U . S .  Envi ronmen tal Protect i on Agency , G ui de l i n e s  for Air 

Qua l i ty Maintenance P l anning and Analys i s , Vo l ume 1 4 : De s i g
nated Air Qua l i ty Maintenance Areas , Decembe r  1 9 7 5 , F i gure 2 0 , 
p .  8 4 . )  

J - 1 4 2  



High leve l s  o f  particulate matter con s t i tute the bu lk o f  the 
pol lutant probl em . 2 0  Thi s i s  particularly evident i n  Table 
J - 2 6 ,  whi c h  indicate s tho se are a s  of Lou i s i an a  t hat are 
though t  to be in vio l ation of the na tiona l amb i en t  a i r  
qua l i ty s tandard s .  The s e  e stima te s  o f  atta inment statu s are 
based on the i ncomplete data reported for 1 9 7 5 . Loui s iana 
has been a sked to revi s e  its c l e an air imp lementation p l an 
to al l ow for a wider range o f  contro l over sourc e s  o f  particu
late s and tho s e  source s that are ac tive contr ibutor s  to the 
oxidant prob l em .  Loui s i ana ' s  a i r  qua l i ty s tandards a re 
compared to t he national s tandard s in Tabl e J- 1 3 . Tab le 
J- 2 7  contains 1 9 7 4  mon i tor vio lations for all c r i te r ia 
po l l utan t s . 

Surface Water Qua l i ty
2 1  

General l y ,  suf f ic ient quant i t i e s  o f  good qua l i ty sur 
face water are ava i lable on a regional b a s i s  i n  Lou i s iana . 
Howeve r , s ign i f icant wate r qua l ity prob l em s  exi s t  l oc a l ly . 
Hardn e s s  and di s so lved so l id s  conten t vary gre a t l y  through
out the state , wi th concentration s usua l ly inc r e a s ing from 
north to south . Bacteriological qual i ty i s  highly var i ab l e , 
a l so . The den s ity o f  urban , indu s tr i a l , and agr i cul tural 
deve lopment ha s an immen s e  impac t upon regional and loc al 
water qua l ity . 

Sur face water bec omes po l luted a s  a re sult o f  c hloride s , 
oxygen de f i c ienc y , heavy meta l s , var ious organ i c  c ompo un d s  
and natura l  and o i l f ie l d  brine s .  Oxygen de f i c iency may be 
a ttr ibuted prima r i l y  to mun i c ipal and indu s tr i a l  e f f lue nt s . 
The phy s ical qua l ity o f  s treams in some areas i s  g re a t l y  
impaired b y  color and turbid i ty . Heavy concentrations o f  
sediment may b e  found i n  a l l  s treams draining the upl and 
reache s of the state , e spec i a l l y  during s torm p eriod s . 
Add i t iona l l y ,  c ontaminant s  become concentrated dur ing 
period s of low f low . 

I n  a n  e f fort to inhibit furthe r degradation and reduce 
pre s ent pollution leve l s , the s urface water bod i e s  of the 

2 0
u . s .  Envi ronmental Prote c t ion Agency , Guide l ines for 

Ai r Qua l i ty Ma inte nance , P l anning , and Analys i s , Vo l ume 1 4 : 
De s i gnated Air Qua l i ty Ma intenance Area s , EP S - 4 5 0 / 4 - 7 5 - 0 0 2 , 
December 1 9 7 5 . 

2 1  . . 
Lo ui s i ana S tate P l anning Of fice , The S tate of the S tate 

in 1 9 7 6 . 
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*01 9 .  

*022 . 

*1 06 . 

TABLE J- 2 6  

E S TIMATED ATTAINMENT OF NAT IONAL TSP AND S0 2 AMBIENT
1 AIR QUAL ITY S TANDARDS BY AIR QUAL ITY CONTROL REGION 

( LOUI S IANA ) 

P roba b l y  P ro b a b l y  Atta i nme n t  
wi l l  wi 1 1  not s tatus 

AQCR a t ta i n  a t ta i n  unce rta i n  

Mo n ro e - E l Do rado I n te r- TSp2 
s t a t e  ( A r k a n s a s ) so2 

S h r e v e po rt-Te x a rkana- so2 TSP 2 
Ty l e r  I n t e r s t a t e  (Ark . , Po i n t 
O k l a . , Texa s )  s o u rces  

S o u t h e rn Lou i s i a n a - so2 TSP 2 
S o u thea s t  Tex a s  I n ter- Po i n t a n d  
s ta t e  ( Tex a s ) n o n - p o i n t  

s o u rc es. 

* = I n ters ta t e  AQCR 

1
A tta i nme n t  i s  based on mo s t  rec e n t  a i r  q u a l i ty data a va i l a b l e ;  

these do not , i n  a l l c a s e s , refl e c t  f i n a l  com p l i a nc e .  E s t i ma ted 
a tt a i nme n t  status for both TS P ( to ta l  s u s pended parti cu l ate ) and S02 
( s u l fu r  d i ox i d e )  i s  based on a n n u a l and/or 2 4 - h o u r  a v e ra ge s . Comme n ts 
n o t i n g  fa ctors t h a t  pre v e n t  a tt a i nment a re o c c a s i on a l l y  i n c l u d e d  i n  
t he l as t  two c o l umn s ; the s e  comme n t s , l i ke t h e  a tta i nme n t  s ta tu s ,  a re 
b e s t  e s t i ma t e s  a nd/or j u d gemen ts . 

2 E s t i ma ted a tta i nme nt s ta tu s  for t h i s p o l l u ta n t  i s  d i ffere n t  i n  
a n o t h e r  Sta te p o rt i on of th i s  i n t e r s ta te AQC R .  
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TABLE J - 2 7  

NUMBE R OF STATI ONS REP ORTING AND NUMBER OF 
WERE EXCEEDE D , BY AQC R ,  

( LOUI S IANA ) 

STAT I ONS AT WHICH S TANDARDS 
1 9 7 0 - 1 9 7 4  
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s tate have been de s ignated a s  e i ther e f f l ue n t  l imited or a s  
wat e r  qua l ity l imited b y  the Loui s ian a  S tream Con tro l 
Commi s s ion ( F igure J- 5 3 ) .  Water bod i e s  c la s s i f ied a s  
e f f luent l imited are within acceptab l e  wat e r  qua l i ty s tan 
dard s . D i s charge s into the s e  s treams and lake s mu s t  mee t  or 
exce ed e x i s t ing s tandard s to b e  permitte d . Surface water 
feature s c l a s s i f ie d  a s  water qua l ity l imited are s ub j e c ted 
to more s t ringent contro l s .  The water bod i e s  o f  t h i s  
category are po l lute d ,  and further d i s cha rg e s  po l l ut ing 
the s e  streams and lake s are not p e rmi tted . New d i s c harge s 
mu s t  b e  treated to con form to or exceed e x i s t i ng water 
qua l i ty leve l s . 

d 1
. 2 2  

Groun wate r  Qua i ty 

Al tho ugh l arge amounts o f  groun d water underl i e  Lo ui
s i ana , the s tate is  f ac ed with a growing numb e r  o'f prob lems . 
One problem i s  s a l twater encroachment due p r ima r i l y  to heavy 
irr igat ion p umpage . Along with the prob l em o f  s a l twa ter 
encroachmen t  goe s the potentia l prob l em o f  c on tamination o f  
f r e s hwat e r  b y  s a l t  dome s and sur fi c i a l  " sa l t  l ic k s . "  S a l t  
dome s are concentrated large l y  i n  southern Lou i s iana , 
a l though a f a i rly l arge numbe r  occur i n  the p ar i s he s  immed i 
a te l y  e a s t  o f  t h e  Red River Va l le y  and al so in a f e w  p ar i s he s 
ad j acent to the Mi s s i s s ippi River . I n  area s  o f  shal low 
a l luvial and terrace depo s i t s , surface di spo s a l  o f  wa s te s  i s  
a c r i tical problem . 

I ron and hardn e s s  are a p e r s i s te n t  prob l em over much o f  
the s tate . O ther con s ti tuent s that are found to b e  pre s ent 
loca l l y  in the water i n  o b j e c t ionab l e  quan t i t i e s  i nc lude 
fluorid e , s i l i c a , s u l f ate , and c hlor ide . O ther sourc e s  o f  
contamination present i n  some are a s o f  the s ta t e  i nc lude 
methane and hydrogen s ul f id e  ga s and o i l f i e l d  br ine s . 

Me thane concentra t io n s  in fre s hwater aqui f e r s  range 
f rom z ero to 1 2 7  mg/ l . The area s of l arge s t  methane 
concentrat ion s  occur in the v i c in i ty o f  three o i l - and ga s 
p=oduc ing f i e ld s  and in some we l l s  in the v i c i n i ty o f  Lake 
Char le s where cont inuou s  p ump ing ha s lowe red water l eve l s  
grea t l y . Generation o f  me thane from orga n i c  matter w i thin 
the fre s hwater aqu i f e r s  and intru s ion of methane into the 
aqui fer s f rom under l ying o i l  and g a s  sands are two po s s ib l e  
sou= c e s o f  thi s ga s .  

2 2
M . R .  S ca l f  e t  al . ,  Ground Wa t e r  P o l l ut i on i n  the S outh 

Ceutra l S t a te s , U . S . E nv i ronmental Re s e a rch Center , O f f i ce o f  
Res ea rch and Mon i to r i ng , Environmental P rotection Techno logy 
S e r i e s , E PA- R2 - 7 3 - 2 6 8 . 
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E ffluent L i m i ted 

Water Q u a l i ty L i m i ted 

Water O u a ! i  ty Ccai nage Basin 
M a n agem e n t  Areas 

F i gure J- 5 3 .  Sur face wa ter features 
of Loui s i an a . ( Lou i s i ana S t ate P l 3.nning 
o f  th e S t ate i n  1 9 7 6 , Fi qure 5 - 2 , D .  6 0 , 
Lo uis i"

an a S tream Con t ro l 
-

Cornrni s s i o; . )  
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6 .  Wyoming 

6 . 1  P hys iography and C l imate 

Physiogr aphy 

Wyoming i s  a region o f  con s iderab l e  phys iographic 
dive r s i t y  inc lud ing high mountain range s , s teep ri ver 
val l ey s , foothil l s ,  narrow terrace s ,  p l a i n s , ro l l ing hi l l s ,  
bad l and s , and up l i ft s .  The s tate c an be d ivided into four 
ma j or p hysiographic provinc e s  - - the Midd l e  Roc ky Moun t a i n s  
in t h e  we s t  and northwe s t , the Southe rn Roc ky Moun t a i n s  
extending i n t o  the southe a s t , t h e  c entral ly located Wyoming 
B a s i n , and the e a s tern Great P la in s . 

The Continental D ivide , beg inn ing near the center o f  
Wyoming ' s  southern boundary , extend s through Wyoming in a 
no rth-we ste r l y  direc t ion , separating the Mi s souri River 
b a s i n  ( to the northe a s t )  frc� the Co lo rado and Columbia 
Rive r  b a s i n s  ( to the southwe s t  and we s t  re spe c t ive ly ) . I n  
south-ce ntral Wyoming the Continenta l Divide spl i t s  to 
enc irc le a c lo sed dra inage b a s in , the Grea t  Divide B a s i n . 

Approxima te l y  one-third o f  Wyoming i s  mountainou s ; 
the remai ning two -third s being b a s i n s  and p l ai n s . The mean 
e leva t ion i s  about 6 , 7 0 0  fee t ; topo graphic e l evations vary 
from 3 , 1 0 0  to 1 3 , 7 8 5  feet above sea l ev e l . Wyoming s tradd l e s 
the Continental Divide and provide s the headwate r s  o f  four 
ma j or r iver b a s i n s  o f  the We s t  -- the Mi s souri , the Co lo rado , 
the Gre a t  B a s in , and the Co lumb ia . 

C l imate 

The c l imate o f  Wyoming is a produc t of i t s  l a ti tude , 
e le va t ion and topography . The state i s  i n  the l at i tude o f  
the preva i l ing we s te r l i e s  with a dominanc e o f  mar i t ime 
Pac i f i c  a i r . Thi s a i r  i s  mod i fi ed by the several mountain 
range s b e twe en Wyoming and the We s t  Coa s t  whi ch cause l ow
leve l mo i s ture to be pre c i p i ta ted be fore reaching the 
s tate . Prec ipi tation , c h i e f l y  in the form of snow , range s 
from 2 0  to more than 4 0  inche s per year in the h i gher 
mountain range s . The e a s tern p la i n s  areas of the s t ate 

Note : Al l in formation in thi s  s e c t ion ( un l e s s otherw i s e  
foo tno ted)  wa s taken from : S ta te Engineer ' s  O f f ice , Wyoming 
Water P lanning Program , The Wyoming Framework Water P lan , 
May 1 9 7 3 . 
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rec e ive from 9 to 1 6  inc h e s  o f  prec ipita t ion annual l y , 
fa l l ing ma inly be tween Apr i l  and Ju l y .  The de sert ba s i n s  in 
the we s tern part of the s ta te norma l l y  rece ive 6 to 9 inche s 
o f  prec i p i tation per year . 

W i nd i s  an important fac tor o f  the Wyoming 
c l imate . Thi s i s  l arge l y  due to the high e levation and 
the e normou s s tretche s o f  ro l l ing p l a in s . Over the 
hi gher south por t i o n s  average annual wind speeds r ange 
f rom 5 to 6 mete r s  per second . Much of the north 
portion , b e i ng c o n s iderably lower in e levation , ha s a 
lower av erage s peed . There are some f avorab l e  loc a 
tion s which a r e  protected f rom the wind b y  mountain 
range s .  Lander i s  one such place and h a s  an annual 
average o f  o n l y  3 meter s  per s econd a t  the a i rport 
s t a t io n . The record s for the c i ty of Lander s how even 
l i ghter wind s . The lower po rtion of t he B i g  Horn B a s i n  
a t  s u c h  p l ac e s  a s  Wyoming i s  qui te windy , and dur ing 
the c o lder months from November through March there are 
frequen t  periods when the wind reac he s 1 3  to 1 8  me te r s  
p e r  second wi th occ a s iona l gu s t s  muc h higher . Pre
va i l ing d irections in the d i f ferent locations vary from 
we s t - southwe s t  through we s t  to northwe s t . l 

A s ur ve y  o f  stations reporting wind speed d i s tribution 
( a s  reported to the Nat iona l C l imate Cente r )  ind i c a te s  that 
an average o f  12 p ercent of the hour l y  observa t ion s f a l l  
into the lowe s t  wind speed c l a s s , with wind s  le s s  than 1 . 5  
meter s  per second . The variab i l i ty b e twee n  the s tation s ,  
however , i s  qu ite l arge due to the f ac tor s ind i c a ted above . 
For examp l e , t he Cody a irport termi na l reported an average 
low wind speed occ urrence to b e  0 . 6  percen t , whi l e  Rive rton 
reported an ave rage o f  3 2  p e rcent . 

6 . 2 Population and Economy 

Population 

The c e n s u s  f i gure s for 1 9 7 0  p l ac e  Wyoming ' s  population 
at 3 3 2 , 4 1 6 . Population d e n s ity i s  c orre spondingly low , 
averag i ng 3 . 4  people per s quare mile . Urban i z a tion i s  

l 
A . R .  Lowe r s , " The C l imate o f  Wyoming , " in C l imate s o f  

the S tate s ,  Vo lume I I  ( Port Wa shington , N . Y . : Water Informa 
t ion C e n te r , Inc . , 1 9 7 4 ) . 
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inc r e a s ing , a l though i t  fa l l s  be low the national ave rage . 
Approxima t e l y  6 0 . 5 perc ent o f  the popu l ation i s  urban , with 
rural nonfarm and f arm populations contributin g  2 9  perc ent 
and 1 0 . 5  percent o f  the population , r e spec tive ly . 

The percentage o f  the Wyoming population be low the 
pover ty leve l ( 1 1 . 7  perc ent ) i s  lowe r than the nationa l 
average o f  1 3 . 7  perc ent . Unemp loyment , b a s ed on 1 9 7 4  
f i gure s ,  wa s 3 . 6 perc ent compared to the national average o f  
5 . 6  p e rc en t  for the same year . Emp loyment b y  ba s ic indus
tr i e s  ( 1 9 7 0  f i gur e s )  was : 

agr i c u l tur e , f or e s try and f i shing 
mining 
con s truc t ion 
man u fac tur ing 
o ther p r imary s ervice s 

Economy 

9 . 5  perc ent 
8 . 5  percent 
6 . 6 percent 
6 . 1  percent 

6 4 . 5  perc ent 

The Wyoming economy is greatly dependent on the mineral 
ind u s tr i e s . Emp l o ymen t  and accompanying payro l l  ar e o f  
pr ima r y  ec onomic impor tanc e . I n  terms o f  taxe s c o l l ec ted in 
the s tate , mineral p roduc tion i s  Wyoming ' s  mo s t  important 
ind u s try . For the f i scal year ending June 3 0 , 1 9 7 1 , the 
to ta l taxe s ,  roya l t i e s ,  and s tate rental f e e s paid we re over 
$ 6 4 . 5  mi l l ion ; total value o f  Wyoming ' s  mineral produc tion 
wa s $ 7 0 5 . 5  m i l l ion in 1 9 7 0 .  

Wyoming ha s very l i ttl e manufac turing to serve a s  a 
market for mineral produc t s ; the mineral indu stry re l i e s on 
the produc tion o f  raw mate r ia l s  that can b e  shipped to 
d i s tant ma rket c en ter s and yet be comp e ti tive . Wyoming ' s  
fue l minera l s  inc l ud e  o i l  and ga s ,  coal , uran ium , and o i l  
shale . The o i l  and ga s ind u s try i s  p r e s e n t l y  the l ar ge s t  
par t o f  Wyoming ' s  mineral ind u s try . 

S i nc e the pe tro leum indu s tr y  i s  an extrac tive one wi th 
f in i te re sourc e s , it i s  pro j ec ted to dec l in e  beg inning 
around 1 9 8 0 .  O i l  f i e ld s  are found in the northea s tern 
coun t i e s  o f  Campbe l l , C rook , and We s ton and in the we s tern 
central coun ti e s  of  S u b lette and Fremont . Oil f i e ld s  are 
a l so found in Na trona , Conver s e , and N iobrara Counti e s .  
Coun t i e s  wher e  tertiary rec overy tec hn ique s are u sed or are 
techn i c a l l y  fea s ib l e  inc lude Campbe l l ,  C rook , We s ton , 
Conve r s e , John son , F r emon t , S ub l e tte , and Uinta ( se e  F igure 
J- 5 4 ) . 
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Agr icul tural activi tie s pre sently use about 8 4  percent 
of Wyoming ' s  a pproxima te 6 2 . 3  mi l l ion acres of land are a . 
About 9 4  percent o f  agricultura l  land i s  used for l i ve s tock 
gra z ing by cattle and sheep . A l i t t l e  more than 5 percent 
of the ava i lable agricul tural l and is used a s  c ropland ; more 
than 62 perce n t  of thi s land is unde r  vege tation . I n  
prac t ica l l y  a l l  are a s  o f  the s tate , irrigation i s  nec e s sary 
for dependab l e  c rop produc t ion . 

Ma j or source s  o f  income for Wyoming ranch and farm 
operator s are l ive s tock and a s soc iated produc ts , which i n  
1 9 7 0  accounted f o r  8 5  percent o f  the opera tor s '  gro s s  c a s h  
rec e ip t s . Cattle i s  the la rge s t  sourc e o f  income , fol lowed 
by she ep and woo l . In c rop p roduc tion , sugar bee t s  contr i 
bute the mo s t  t o  gro s s  c a s h  receipts . I n  1 9 7 0 ,  6 . 1  percent 
of the to tal agricultura l  receipts were produced by sugar 
beets . 

6 . 3  Re sourc e s  

Land 

Land a rea in Wyoming i s  about 6 2 . 3  mi l l ion acre s , while 
the water area i s  approxima te l y  4 0 4 , 9 5 0  acre s . About 5 4  
percent o f  the land ac reage i s  owned by Federal , s tate , and 
loc a l  gove rnme n t s . Fo rty-three percent i s  owned by private 
intere s t s , and 3 percent by I ndian tribe s .  About 8 4  perc ent 
o f  the land area i s  taken up with agricul tural ac tivitie s .  
The rema ining 1 6  percent o f  the land inc lude s the national 
park s y s tems , recreation areas , inhab i ted area s ,  roads and 
highways , Fede ral land s  where l ive s tock gra z i ng is no t 
permi tted for managemen t  purpo se s ,  and o ther areas o f  non
agricul tur a l  u se . 

About one - s eventh o f  Wyoming i s  covered by timber , 
a lmo s t  a l l  o f  which occur s  in national for e s t  areas . 
Wyoming i s  characteri z ed by va s t  open spac e s , ro l l ing hi l l s , 
bad l and s , benchland s , pra i r ie s , foothi l l s , and mounta ins . 
The ma j or i ty o f  the l and i s  semiarid to arid , with prime 
water-produc ing area s occurr ing in mountainous regions . 

Surf ace Water 

Wyoming surface water s  have been organ i z ed into seven 
dra inage b a s in s  that f a l l  into four ma j or r i ver ba s in s . T he 
Yel lowstone , B i ghorn , Nor thea s tern Wyoming , and P la tte River 
Ba sins are in the Mi s sour i River B a s in . The Green River 
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Ba s in i s  cons idered a p art o f  the Wyoming Colorado River 
B a s i n . Th e Bear River Ba s i n i n  Wyoming drains into the 
Great S a l t  Lake and f a l l s  into the area of the Great Ba s i n . 
The Snake River B a s i n  i s  the headwaters o f  the l arge s t  
tr ibutary o f  the Co lumb i a  River , and a s  such , i s  a part o f  
the Columb i a  Rive r B a s i n  ( s e e  F igure J - 5 5 ) . 

S treams , l ake s , and r e s ervo i r s  con s t i tute Wyoming ' s  
surface water r e s ource s . S treams f low primar i ly a s  a 
r e s u l t  o f  prec ipi tation , a l though l ate s urrune r , f al l ,  and 
winter b a s e  f l ows are der ived primar i ly from ground water . 
A ma j or portion - - approximate ly 7 0  p er c en t  - - o f  the annual 
runof f  i n  Wyomi ng ' s  s treams is snowrne l t  runof f  occurring 
duri ng the months o f  Apr i l ,  May , June and July . Vari ations 
i n  annua l s nowf a l l and o ther forms o f  pre c ip i tation f rom 
year to year can c aus e cons iderab l e  vari ance from ave rage 
annual s tream f lows . 

Approximat e ly 1 . 5  mi l l ion acre - f e e t  f l ow i n to Wyoming , 
and another 1 5 . 8  m i l l ion acre- f e e t  o f  water are accumulated 
w i th i n  the s tate e ac h  y ear . Sub traction o f  the approxima t e ly 
2 . 6  m i l l ion acre- f e e t us ed annual ly within the s tate leaves 
1 4 . 7  mi l l ion acre- f e e t of water per year f lowing i nto 
n e i ghbor ing s ta te s . More than 8 2  percent of the annua l 
s treamf low dep l e tion in Wyoming i s  us e d  for irrigation ; a 
l i tt l e  more than 2 p ercent i s  used for mun i c ipal , dome s t i c , 
s tock , and indus tr i a l  purpo s e s . Res ervo i r  evaporat ion 
accounts for about 15 p ercent of the vo lume used annua l ly 
within the s tate . 

About 3 1  percent o f  the mun i c ipal population o f  Wyoming 
i s  supp l ied w i th s ur f ac e  wate r , w i th an add i tional 4 5  p ercent 
b e i ng s e rved by a c ombination o f  surface water and g round 
water . I ndus try removes a l i ttle more than 1 percent of the 
total annual s treamf low dep l e t ion . 

Ther e  are many areas o f  the s tate where e x i s t i ng and 
potential water demands exceed local supp l i e s . A dive r s ion 
o f  water to the G i l l e tte area in Northeas tern Wyoming is  
needed i n  the near f uture , and water needs are expec ted to 
exceed ava i lable loc a l  supp l i e s  by 2 , 0 0 0  to 2 , 0 2 0  uni ts . 
Expan s ion o f  irrigation w i l l  p lace add i t ional demands on 
s ome reg ions , c hi e f ly in the P l atte and Green Rive r Bas ins . 
Water shortages oc cur on the average o f  about 4 2  p ercent o f  
i r r ig a ted lands . The bas i n s  o f  nor the as tern Wyoming and 
Bear and Snake River s  have e s timated annua l water s hortages 
on more than 59  percent o f  the i r  irr igated lands . 
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Ground Water 

S ed imentary rock l ayer s  i n  Wyoming ' s  ba s in s  are 
thou sands of feet thic k , approximate l y  3 0 , 0 0 0  feet in some 
p l ac e s .  C o n s id e r ing t he approxima te l y  2 0 0 , 0 0 0  c ub i c  mi l e s  
o f  rock forma t io n s  pre sent in Wyomi ng ' s  ba s in s , the total 
amo unt of g round water mu s t  be extreme l y  l arge . H oweve r , 
the amount o f  ground water i n  s torage i s  not an i ndication 
o f  its ava i labi l i ty . 

F igure J- 5 5  i nd ic a te s  t he reg iona l oc currenc e  and d i s 
tribution o f  ground water in Wyoming . B y  ob s e rvation and 
inferenc e : ( 1 )  loo s e  sand s a nd grave l s  a t  sha l low depths 
genera l ly provide large we l l  y i e ld s  of f a i r-to-good qua l i ty 
wa ter ; ( 2 )  the midd l e  and late T e r t i ar y  sand s tone s a t  depths 
above 1 , 0 0 0  feet p rovide l arge we l l  y i e l d s  of good-qua l ity 
wate r ; ( 3 ) e a r l y  Tertiary s and stone s are very exte n s ive and 
probably y i e ld water to hundred s i f  not thousand s  o f  water 
we l l s ,  but y i e l d s  are low a nd water qua l i ty is  fair to poor ; 
and ( 4 )  a l ime s to ne aqu i f er a t  intermediate d r i l l i ng depths 
( 3 , 0 0 0  to 8 , 0 0 0  f e e t )  has the pote n t i a l  to provide very 
large we l l  y i e l d s  a nd very l arge qua nt i ti e s  of water . 
Ground water i s  found a t  depths o f  mor e  than two m i le s . 

Mo st water we l l s  i n  Wyoming are dr i l led to provide 
dependable water supp l i e s  for rur a l  dome s t ic and l ive stock 
u se s .  Many c ommun i t i e s depend entirely o n  underground wa ter 
for surviva l . Other communi t i e s  use a c ombined water supp l y  
der ived from both sur face water and g roundwater source s .  
The u s e  o f  ground water for irrigation ha s inc re a sed drama
t i ca l ly dur i ng the p a s t  decade , p r i nc ip a l ly in southe a s tern 
Wyoming . The miner a l  indu strie s u se l arge quant i ti e s of  
g round water , par t icularly i n  the seco ndary rec overy o f  o i l  
a nd the m i l l ing o f  uranium ore . T ab l e  J - 2 8  l i s t s  the 
con sumpt ive u s e s of ground water . 

In 1 9 7 0 ,  about 8 percent o f  a l l  wat e r  consumed by man ' s  
a c t ivi t i e s in Wyoming was ground wate r . T h i s wa s an i nc re a s e  
o f  5 percent from 1 9 6 5  f igur e s  and wa s due mo s t l y  t o  i rr ig a 
tion . P ro j e c t io n s  o f  a 1 5  percent u sage rate f o r  2 0 2 0 
are b a sed on potent i a l  indu strial deve lopment , irr i�atio n , 
and inc re a s ed tour i sm .  

Energy 

I n  1 9 7 3 ,  to tal i n s ta l l ed generating c apac i t y  for 
Wyomi ng wa s 1 , 8 8 5  thou sand k i lowa t t s .  About 8 6  p ercent o f  
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TABLE J- 2 8  

CONSUMP TIVE USE S OF GROUND WATER I N  WYOMI NG IN 1 9 7 2  
I N  ACRE-FEET/YEAR 

MUNICIPAL , 
BAS IN DOME S T IC , 

OF AREA I RRIGATION AND LIVESTOCK INDUSTRIAL TOTAL 

Yel lows tone 

B ighorn River 1 2 , 800 7 , 300 2 5 , 000 4 5 , 900  

Northe a s t ern 
Wyoming 8 , 700 8 , 100 16 , 800 3 3 , 600  

Platte River 106 , 000 13 , 700 3 , 000 1 2 2 , 700 

Green River 1 , 200 1 , 200  4 , 4 00 6 , 800 

B e ar River 4 , 100 400 400  4 , 900 

S nake River 700 1 , 400 2 , 100 

TOTAL 1 3 3 , 500  3 2 , 100 50 , 400  216 , 000 
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D r i l l ing De pth ( Feet) 
Med i a n  +- Ma:r. i mum 
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-�e por ted _ _  
1 0 - 1 00 300 

1 0 - 80 1 60 

100-600 1,000 + 

40-300 3,000 
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1,000- 3,500 8,000 
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thi s c apac ity r e s ide s in fo s s i l  fue l -powered e lec tric 
u t i l i t i e s ;  the rema ining 1 4  percent is div ided be twe en 
hydro e lec tric fac i l i t i e s ( approxima te l y  1 2  perc e nt ) and 
ind u s tr i a l  p la n t s  ( approxima te l y  2 percent ) . There are no 
nuc lear powe r p l a n t s  in Wyoming . 

W i ld l i fe and Recreation 

Wyoming ' s  w i ld l i fe re sourc e s  inc l ude abundant number s  
o f  ante lope , deer , e lk , moo se , black bear , b ighorn she ep , 
upland game , and sma l l  game . Thi s wi ld l i fe a s  we l l  a s  ma ny 
o ther anima l spec i e s ,  b i rd s ,  and wa te r fowl are dependen t  
upon the l and and water f o r  hab i ta t . 

The scenic beauty o f  Wyoming ' s  open spac e s , rugged 
mounta in s , fore s t s , and natur a l  parks ha s led to an important 
and growing tour i s t  e nterpr i se . Two nationa l park s , Ye l low
s tone and Grand Te ton , a ttrac t large numbe r s  of tour i s t s  
ever y  year . S ix nat iona l for e s t s  wi thin the s ta te contain 
p i ne , f i r , and spruc e . Hunting and f i shing contribute 
sub s tantial l y  to the s ta te ' s  ec onomy . Total expend i ture s by 
nonr e s idents for f i s hing and hun ting in 1 9 7 0  were $ 8 . 5  and 
$ 1 9 . 2  mi l l ion re spec tive l y . Re s ident f i she rmen contributed 
$ 1 5 . 7  mi l l ion , and r e s ident hunter s  spent $ 1 4 . 1  mi l l ion . A 
number o f  Wyoming ' s  r iv e r s  have been cons idered for de s ign a 
t ion a s  s c e n i c  rive r s . 

6 . 4 Environmenta l Qua l ity 

Air Qua l i ty 

There are two a i r  qua l i ty ma intenance are a s  in Wyoming ,  
the Powde r  River B a s in and Swe e twater AQ.MA ' s ( se e  F igure J- 5 6 ) . 
They inc l ude Campbe l l , Conve r s e , and Swe e twater Countie s .  
Both are a s  s u f fe r  from particulate pro b l ems . The Powder 
River B a s in AQMA i s  expec ted to contain sub stantial l eve l s  
o f  p ho tochemical oxidants , whi l e  the Swe e twater AQ.MA requ ire s 
add i tiona l contro l s  o n  sul fur dioxide po l lution s ince i t  i s  
a n  industrial  deve lopmen t  are a . Bo th o f  the se regions 
conta i n  oil produc t ion a c t iv i ty . Furthermore , Wyoming ha s 
been c a l led upo n  to rev i s e  i t s  c lean a i r  imp l emen ta t ion p l a n  
wi th re spec t t o  particulate ma tter c ontro l pra c ti c e s .  
S trateg ie s for contro l l i ng a wider range o f  sourc e s  con
tr ib uting to the amb i e n t  concentra tion of  partic ulate s is  
thought to be required . No  d a ta on the atta inme n t  s ta tus o f  
the o ther po l l utan t s  are ava i labl e . Wyoming ' s  ambient a i r  
qua l i ty s tandard s fol low tho se app l i ed on the national s c a le 
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AQMA AQMA PO L L UTANTS 
N u m ber PM so2 co O x N0 2 

Wyom ing 

Powder R iver Basin - N atu ral 24 1 A  x x 
R esou rce Development Area 

Sweetwater - N atu ral Resou rce 243A x x 
Devel opment Area 

F i gure J- 5 6 . Wyomi ng Ai r Qua l i ty Ma intenance Areas . 
( U . S .  Envi ronmental P rotect ion Agency , Guide lines  for Air 

Qua l i ty Maintenance P lann i ng and An a ly s i s , Vo l ume 1 4 : Des ig
nated Air Qua l i ty �a intenance Are as , Decemb e r  1 9 7 5 , F i gure 5 2 , 
p .  1 7 6 . )  
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( see NAAQS l i s ting in Tab l e  J- 1 3 )  except for parti culate s 
and sul fur d io xide . Particul ate conc entra tio n s  are gauged 
a ga i n s t  the F ederal s econdary standard s , whi l e  tho se for 
s u l fur d ioxide are 6 0  µ g /m3 for the annual mean , and 2 6 0  
µg/m3 for the 2 4 - hour mean . The Fede ra l secondary s tandard 
for the mean 3 -hour s u l fur dioxide concentration i s  adopted 
without modi f ication . 

S urface Wa ter Qua l ity 

In genera l , the wa ter in Wyoming ' s  s treams is  of exce l 
lent qua l it y . Un l ike mo re heav i l y  popul ated regions , 
mun ic ipa l  and indu s t r i a l  wa ter qua l ity degradation i s  a 
minor probl em . Area s  o f  poor water qua l i ty occur below 
Thermopo l i s  in the B ighorn B a s i n , below Evanston in the Bear 
River Ba s i n , and in the Snake River Ba s in . The s e  are the 
only notabl e  point s ourc e s  of po l l ution . Non-poi nt source 
po l l ution p roblems are more s ignificant in the s tate , 
parti c ularly in the No rthea s tern Wyoming Rive r Bas i n . 
Turb id ity and sedimen tation problems ar i se from natural 
runo f f . In a few area s , ma i n l y  the Bear River and P latte 
River B a s i n s , irrigation re turn flows a l so contribute to 
water qua l i ty degradat ion . S a l inity i s  no t cons idered to be 
a water qua l i ty prob l em in Wyoming . On l y  minor po l l ution 
prob lems r e lated to o i l  f ie ld s exi s t ; o i l  spi l l s  and p i pe 
l ine breaks have occa s iona l l y  caused po l lu t ion p robl ems in 
the Bi ghorn B a s in . 

Gro undwater Qua l i ty 

The c hemi c a l  qua l i ty o f  ground water i s  a var i ab l e  that 
mus t  be cons idered in an eva lua tio n  of the supp l y . Ac cording 
to U . S .  Pub l i c  Health S ervice S tandard s ( 1 9 6 2 ) , wate r for 
human con sumption s hould have no more than 1 , 0 0 0  par t s  per 
mi l l ion ( ppm) to ta l d i s so lved so l id s  ( TDS ) and pre ferab l y  no 
mo re than 5 0 0  ppm . Many people in Wyoming use ground wa ter 
with TDS concentrat ion s greater than 1 , 0 0 0  ppm . Eve n though 
the ground water contains so lub l e  sa l t s  in o b j ectionab l e  
conc entrations , it i s  u sed because no better water supp l y  i s  
ava i l ab l e . I t s  use continue s because peop l e  become accus tomed 
to it . Live s tock c an u s e  wa ter o f  highe r  TDS concentrations 
( an upper l imi t of 5 , 0 0 0  ppm is recommended by some inve s t i 

gator s )  . 

The med ian TDS concentration in ground water in s and s 
and grave l s  and sand stone above a depth o f  1 , 0 0 0  feet i n  
Wyoming i s  about 5 0 0  ppm . In de eper aqui fer s ,  to a depth o f  
8 , 0 0 0  fee t , the med ian TDS concentration i s  2 , 0 0 0+ ppm . The 

J- 1 6 0  



concentrat ion in water s produced from c la y s  and sha l e s  
common l y  i s  in  t he range 2 , 0 0 0  t o  1 0 , 0 0 0  ppm . H igher TDS 
c once ntra t io n s  are reported from water produced by o i l  
exploratio n  we l l s . The maximum reported TDS conc entration 
is 2 0 0 , 0 0 0  ppm i n  water a s soc iated with accumu l a tion s o f  
pe tro leum i n  the Powder River B a s in ( se e  F igure J - 5 5 ) . 

H ardne s s  i s  c au sed prima r i l y  by high conc en tra tions o f  
c a l c i um and magne s ium i n  water . T he aqui fer s  that are 
widely u se d  in Wyoming provid e  mo s tl y  hard water . Ground 
water in the a l l uvium gene ra l l y  is modera t e l y  hard ( 6 0  to 
1 2 0 ppm ) to very hard ( 2 0 0+ ppm ) . In consol idated aqu i fe r s  
i t  i s  s o f t  ( O  t o  6 0  ppm )  t o  very hard , with extr eme var i 
ations in the s ame aqui fe r . Water in Cretac eo u s  and Jura s s i c  
s and s to ne s u s ua l l y  i s  not a s  hard a s  water in younger ( Te r
tiary)  and o lde r ( Tr ia s s ic through C ambrian)  aqu i fer s . 
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7 .  Ok lahoma 

7 . 1  P hysiography and C l ima te 

P hy s io graphy 

Oklahoma l i e s  in a tran s it ional zone in topography , so 
that i t s  land scape i s  quite dive r se . Thre e o f  the nation ' s  
l arge p hy s i c a l  regio n s  extend into or acro s s  the s tate . The 
I nterior H i ghlands i s  in the e a s t ; the Coa s tal P l a i n  is in 
the south ; and the Interior P la in s , inc luding the Central 
Lowland and Great P l ain s , cover the rema inder of  t he state . 
E leva t io n  range s from 2 8 7  to 4 , 9 7 3  fe et ; approximate mean 
e levat ion is 1 , 3 0 0  fee t . 

C l imate 

The c l imate in Oklahoma is mo stly of the continental 
type character i s tic of t he c e ntral Great P lains . S ummer s  
are long and ho t ; winter s  are l e s s  r igoro u s  than t ho se o f  
more northern p l a in s  s tate s . Mo i st a ir currents from the 
Gul f  o f  Mexico inf luence the weather dur ing mo s t  o f  the 
ye ar , a l though coo l , mo i s t a i r  ma s s e s from the P ac i fic and 
cold , dry a ir ma s se s  from C anada predominan t l y  i n fluenc e the 
weather dur ing the winter months . Max imum pre c ip i tation 
oc cur s in the spring , decre a s ing through the summer month s . 
Maximum s econdary prec ipitation occur s i n  the fa l l . May i s  
u sual l y  the we tt e s t  month and January the drie s t . 

Annual rainfa l l  decre a s e s  sharply from e a s t  to we s t . 
Ave rage annua l prec ip itat ion range s from about 5 6  inc he s in 
southern LeF lore County in the southe a stern corner of the 
s tate to approximate l y  1 5  inche s in the we s tern sec tion o f  
the P an hand l e . Runo f f  varie s dramatical ly acro s s  the s tate , 
with value s fal l in g  between 0 . 2  inche s in the P anhandl e  to 
2 0  inc he s in the southe a s t  corner . W e s te rn Oklahoma i s  subj ect 
to long dry perio d s  and frequent flood s . 

P reva i l ing wind s are southerl y , a l though no rthe r l y  
winds predominate dur ing the winter months . Average yearly 
wind speeds vary from 4 me ter s per second in the e a s t  to 
over 6 me te r s  per second in t he we s t . Marc h and Apr i l  are 

Note : Al l in fo rmation in thi s section ( un l e s s  o therwi s e  
footnoted ) wa s taken from : Oklahoma Water Re source s Board , 
Oklahoma Comprehens ive Water P lan , Pha s e  I ,  S ept . 1 ,  1 9 7 5 . 
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t he wind i e s t  mon th s , and Jul y and Augu s t  the c a lme st .
1 

S ta t ion s r eport ing wind speed d i stributions to the National 
C l imate Center i nd i cate that 7 percent of the hour l y  obser
va t i o n s  fa l l  into the lowe s t  wind speed c la s s  of  l e s s  than 
1 . 5  me ter s  per s econd . No s igni f icant ea s t -we s t  o r  nor th
s outh pattern i s  d i s c e rnable f rom the 10 locations con
s ide red . 

7 . 2 Popu l at ion and E conomy 

P opulation 

Ok l ahoma C i ty and Tul s a  contain approxima t e l y  4 9  per
c ent of Ok la homa ' s  1 9 7 0  populat i on o f  2 . 6  mi l l io n . S ixty
e ight percent of the population i n  Ok l a homa is urban . The 
trend i s  toward popul ation concentrat ion ; between 1 9 4 0  and 
1 9 7 0 , the number o f  c i t i e s and town s with a populat ion o f  
mo re than 2 , 5 0 0  inc rea sed from 7 4  t o  1 0 0 . 

Economy 

In 1 9 7 2 , 2 , 9 1 1 indus tr ie s contr ibuted over $ 1 . 1  b i l l io n  
to the Ok l ahoma payro l l . Oklahoma rank s 3 3rd among a l l  
state s i n  indu stry . Leading ma j or industry group s i n  va lue 
added b y  manufac ture were mac hinery ( exc ept e le c tr i c a l ) ,  
food , and fabr icated me ta l . 

I n  1 9 7 3  t he re were 7 2 , 9 0 0  produc ing o i l  we l l s  in Okla
homa . P roduc t io n  i n  1 9 7 3  wa s 1 9 1  mi l l ion bar re l s  o f  c rude 
pe trol e um ,  repre senting a value o f  about $ 7 2 3  mi l l i on . 
P roved o i l  re se rve s fo r the s ame year were 1 , 2 3 2  mi l l io n  
barre l s . Coun t i e s where t e r t i a r y  o i l  recovery tec hn ique s 
are tec hn ic a l l y  f e a s ib le i nc l ud e  Carte r ,  Creek , Linc o l n , 
O sage , and S te phen s  c ount ie s ( se e  F ig ure J- 5 7 ) . 

O f  Ok l ahoma ' s  total l and area o f  4 3 , 8 1 9 , 1 1 1  acre s ,  
1 2 , 9 9 2 , 6 4 1  acre s ( approxima t e l y  3 0  perc e nt ) are in c ropland . 
About 4 3  percent o f  the total l and area i s  u se d  for range 
and p a s ture land ; and about 2 0  perc e nt i s  in fore st land . 
Tot a l  irrigated acreage a s  e st imated by Oklahoma S tate Un i 
ve r s i ty S e rvice i s  7 5 8 , 0 3 6 ,  mo s t  o f  wh ich i s  i n  we s tern 
Ok lahoma . 

1
w . R . Curry , " The C l imate o f  Oklahoma , "  in C l imat e s  o f  

the S tate s ( Port Wa shingt on , N . Y . : Water I n f o rmation C enter , 
I nc . , 1 9 7 4 ) . 
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� Area of Oi l  and/or Gas Production 

1=rr·:·::::'\'fil Giant Oil  Field ( U l timate recovery :i:i:i:::�t:::::ii of more than 1 00 m i l l ion barrels) �A{ii G iant Gas F ield ( U l timate recovery 
of 111ore than 1 tril l ion cubic feet) 

Figure J- 5 7 . Cornpos ite map of Oklahoma o i l  and g a s  f ie ld s . 



In 1 9 7 2 , l ive s tock and produc t s  contributed about 7 8  
percent o f  total revenue from farm produc tion . Okl ahoma 
curr e n t l y  rank s second in winter whe a t  and hay produc t ion . 
The va l ue o f  principal c rop s and l ive s to c k  had increased 
f rom $ 1 , 0 0 2  mi l l io n  in 1 9 7 1  to  a record $ 1 , 0 1 7  mi l l ion i n  
1 9 7 3 . T h e  pr inc ipa l agric u l tura l i ndu s tr y  in the s tate i s  
bee f ,  fo l lowed b y  whea t  and da iry c a t t le . Thi s predomi nance 
of bee f produc t ion extends throughout we s tern , centra l , and 
e a s t  c e n tra l Ok lahoma . E a s t  c entral and south c en tr a l  
Ok lahoma have thr iving c ommerc i a l  t imber a n d  wood produc t s  
indu s tr i e s .  

Muc h  o f  t he s tate ' s  indu s t r i a l  economy i s  dependent 
upon agricul ture . The se inc lude food and a l l ied produc t s  and 
agricultural supp l ie s , mater ia l s , equipmen t  and service s ,  
tran sportat ion and marke t ing . The s e  agricul tura l ly-oriented 
s egme n t s  of the e co nomy con s t i tute a mul t i - b i l l io n  do l l ar 
contr ibution to the to tal e co nomy o f  the s ta te . Direct 
emp loymen t  in agriculture in 1 9 7 2  was 1 2 5 , 0 0 0 . I n  compar i so n , 
the total number emp loyed in industrial  a c t ivity wa s 1 5 1 , 0 0 0 . 
Agr icu lture i s  the s tate ' s  l eading indu s try i n  terms o f  
numb e r s  o f  peop l e  employed . I n  terms o f  do l l ar vo lume , 
agricul ture and pe tro l e um are in c l o s e  contention . 

7 . 3  Re source s 

Land 

P a s �ure and rans·e land repre sent by far the greate s t  
u s e  ( 4 2 . 3  perc e n t )  o f  land i n  Oklahoma . Non- irrigated and 
irr igated cropl and ac count for 2 2 . 8  percent and 5 . 8  percent 
of the l and re spec tive l y . Agricultura l activ i tie s as a 
who l e  ab sorb about 7 2 . 4  percent o f  the ava i lable l a nd 
sur face . Fo re st land compr i s e s  about 1 9 . 6  percent o f  the 
l and sur face are a . C n l y  3 . 4  percent i s  urban i z ed . Federal 
l and ho lding s , a t  2 . 4  percent , are only a l i tt l e  larger than 
surface water area ( 2 . 1  percent ) . 

S ur face Water 

Ove r the p a s t  quarter century , Oklahoma ha s deve loped 
an impre s s ive s y s tem o f  a r t i f i c ial lake s . Mo s t  were de s igned 
as mul t i -purpo se pro j e c t s  to a l loca te typ i c a l  s torage for 
f l ood contro l ;  power and conservation poo l s  c o n s i s ting o f  
mun ic ipal , indu stria l ,  irrigatio n , wa ter qua l i ty contro l ; 
recreat ion ; and fish and wildl i fe u s e s . Dur ing the p a s t  
2 5  years , 2 3  ma j o r  l akes have been comp l e ted , and 8 more 
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are c urrentl y  under c o n s truc t ion . I n  the 1 9 2 0 s , ther e  wer e  
o n l y  3 ma j o r l akes i n  Ok l ahoma ; there a r e  now more than 
3 8 . 

Ava i la b i l ity and quantity o f  wat e r  i n  O k l a homa f o l l ows 
a p a ttern o f  p le n ty in the ea s t  and i n su f f ic i e nc y  in the 
we s t .  In man y  are a s  of the s tate , no water i s  ava i lab l e  for 
appropriation . There are 8 . 4  mil l io n  acre s of land in 
we stern Oklahoma whe r e  a l l  s tream wa ter ha s been a l located , 
mak ing further mun i c ip a l  o r  irrigatio n  wat e r  s upp l y  d eve lop
men t  impo s s ib l e  ( se e  F i gure J- 5 8 ) . No s tream water i s  
ava i l ab l e  for future needs and economic g rowt h , and i n  some 
area s , water i s  insuff ic ient to provide for the p r e s e n t . 

C e r ta i n  c r itica l areas have some water ava i lab l e  a t  
t ime s under c e rtain c o nd i t ion s . S ome 3 . 1  mi l l io n  acre s have 
re strictions app l ic ab l e  to a l lo c a t io n  o f  stream water spec i 
fying that water can o n l y  be c ap tured o r  d iverted during 
periods of h igh f low . 

Agricul tura l demands for water e xc e e d  tho s e  o f  any o the r 
s in g l e  i ndus try . I n  1 9 7 0 , irrigation accounted for 7 8 1 , 0 0 0  
acre - fe e t  o f  the total 1 , 5 1 8 , 7 0 0  acre - f e e t  use d  i n  the s ta te ; 
muni c ip a l , dome s t i c  and rural water sys tems , and indus 
tria l , uti l i ty , and energy - r e l ated u s e s  ac counted for the 
rema ining 7 3 7 , 7 0 0  acre - fe e t . Abou t  9 0  perc ent o f  the to tal 
irrigation i n  Oklahoma occur s  in the we s tern hal f  o f  the 
s ta te . Gro und water s upp l i e s  abo u t  8 3  percent of irrigat ion 
need s ; s torage and d ive r s ion of s tream f low for irr igatio n  
i s  re l a t ive l y  c o n s tant . Future irrigat io n  water require
ments are expec ted to increa s e , s ince l e s s  than 1 0  percent 
o f  the irr igab l e  land i s  c urrent l y  irr igated . E nergy
r e l a te d  water u s age i s  a l so expected to i nc re a s e . S econdary 
and tertiary recovery p roc e s s e s  are expected to require 
incre a s ing amoun t s  of water . Oil r e f inerie s ,  coal ga s i fi 
catio n , and thermo e l e c tric generat ion p l a n t s  a r e  e xpected to 
u s e  more water with the increa s ing demand s for energ y . 

Ground Water 

Twe l ve ma j or g roundwater b a s i n s  oc cur i n  Oklahoma w i th 
an e s t imated 3 0 9  mi l l io n  ac r e - feet in s torage . No t a l l  
water i n  s torage i s  recoverab l e , however , due to tec hno 
log ic a l , lega l , and e conomic constraint s . Recover y  poten t i a l  
from Oklahoma groundwater b a s ins rang e s  from 3 0  to 5 0  percent . 
Near ly one-ha l f  o f  the groundwa ter re sourc e s  occur i n  the 
we s tern part o f  the s tate , w i th average we l l  y i e l d s  of 3 0 0  
gal lon s per minute ( gpm) . C entra l Oklahoma conta ins about 
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one-third o f  t he groundwater re sourc e s , and e a stern Oklahoma 
accoun t s  for roughly one- fourth ; average we l l  y i e l d s  are 2 0 0  
and 1 0 0  gpm , re spec tive l y . 

Ground water i s  read i l y  ava i la b l e  in mo s t  areas o f  
Oklahoma . I t  pre sen t l y  supp l ie s  4 8  p ercent o f  the water 
u sed i n  the s ta te . As previous l y  men tioned , mo re than 8 0  
percent o f  i rr igatio n  come s from groundwater re servo ir s . 
Approximate l y  3 0 0  towns and c itie s obta in thei r  wa ter sup 
p l i e s  from we l l s  a nd spring s .  Groundwater d eve lopment i s  
greate s t  i n  the we s tern part o f  the s tate where i t  i s  used 
exten s ive ly for irrigat ion , mun ic ipal and dome s t i c  need s . 
In contra s t , ground water in c entra l and ea stern Oklahoma i s  
used only b y  sma l l  town s and commun i t ie s . 

Overdeve lopmen t  o f  groundwater b a s in s  in Oklahoma ( when 
pumpage excee d s  recharge from pre c ip i tation ) ha s o ccurred 
ma in l y  in the we s tern area s of the s tate . Ma j or groundwater 
b a s i n s  l ike the T i l lman Terrac e , Oga l l a l a  Format ion and Rush 
S p r in g s  S and s tone are be ing dewatered ; within the next 2 0  
year s , pump ing may become f inanc i a l l y  infea s ib l e . 

W i l d l i f e  and Recreation 

T here is not an area of Oklahoma that doe s  no t o f fer 
exc e l lent hun ting and f i s h ing . The s tate is s tudded with 
we l l - s tocked lak e s  and r iver s ,  f i l l ed wi th a wide var i e ty o f  
fre s hwater f i s h .  Hun t ing for smal l  game i s  superb through
out the s ta te and for large game , mo s t  area s o f fer whiteta i l  
deer . The dry , open northwe s t  a l so ha s mule deer and ante lope . 
There are many p ub l i c  hunting are a s  and wi ldl i f e  refug e s 
wher e  un ique spe c ie s  o f  an ima l s  are pre served . The W i c hi ta 
Mountain W i ld l ife Re fuge in the southwe s tern part o f  the 
s ta te i s  one o f  four national re fuge s for buffalo , hou s ing 
near l y  1 , 0 0 0  o f  this  a lmo s t  extinct spec ie s . 

There are many scenic are a s , r iver s , and s treams in 
Ok l ahoma , particularly in e a s tern por t ions of the s tate . 
The southe a s t  spo r t s  the Ta lemena ( S kyl ine ) National Scenic 
Dr ive . Other attrac t ions inc l ude the wo rld ' s  l arg e s t  a la 
baster cave r n s  (Woods Coun ty ) , P latt Nat iona l P ark , and 
numerous are a s  hou s in g  cowboy and Indian memorab i l ia . 

Energy 

There are 10 e x i s t ing hydro e l e c tr i c  p lant s  in Oklahoma , 
with a tota l in s ta l le d  capac ity o f  8 0 0  megawat t s . Fo s s i l  

J- 1 6 8  



fue l -powe red e le c tr ic a l  generat ion suppl i e s  mo s t  o f  the 
s tate ' s  energy need s , account ing fo r about 8 7  percent o f  the 
e l ec tr i c  e nergy produce d  in 1 9 7 3 . Tot a l  insta l led fo s s i l 
powe re d  e le c t r ical gene rat ing capa c i t y  i s  5 , 5 0 0  megawatts . 

7 . 4  Environmental Qua l ity 

Air Qua l ity 

There are two air qua l i ty maintenance are a s  in Okla
homa , co rre sponding to t he two ma j o r metropo l it an are a s  o f  
Ok lahoma C ity and Tul sa . F igure J- 5 9  indicate s the two 
area s . Both e xpe r ie nc e  d i f ficultie s with particulate matter 
and p ho tochemical oxidant s . 

Tab l e  J- 2 9  l i s t s  the mo s t  recent e s timate o f  the s ta tu s  
o f  atta inment o f  t he nationa l ambient air qua l i ty s tandards 
for the year 1 9 7 5 . The eva l ua t ion i nc l ude s o n l y  sul fur 
d ioxide and par t i culat e s . C learly , attainment prob l ems are 
expected in some regio n s  o f  Ok l a homa for par ticulates a s  the 
re sult o f  e iter fugi tive du s t  sourc e s , or indu s tri a l  po int 
source s .  Tab l e  J- 3 0  g ive s an accounting of the 1 9 7 4  moni tor 
vio l a t io n s  fo r a l l  of the c r i teria po l lutant s . The s ta te 
ha s no t been c a l led upon to rev i s e  i t s  c lean a i r  impl emen
tation p lan . Oklahoma ' s  air qua l i ty s tandards are identical 
to the NAAQS l i s ted in Tab l e  J- 1 3 . 

Surface Water Qua l i ty 

Var i ab i l i ty i s  a d i s tingui shing c harac ter i s t ic o f  
stream water qua l i ty i n  Oklahoma ' s  two maj or r iver ba s in s , 
the Arkan s a s  and Red River s tr eam s y s tem s . Variation i s  o f  
two k i nd s , areal and that rela ted t o  s treamf low character
i s t ic s . The k inds and amoun t s  of  d i s so lve d  c o n s t i tuen t s  
which a r e  predominant c hange radic a l l y  from o n e  e nd o f  the 
s tate to the o the r . F igure J- 6 0  i l l u s trates  c hemic a l  water 
qua l i ty in terms of the d i s c harge-we ighted average concen
trat ion s o f  total d i s solved so l id s . 

As the Arkan s a s  River c ro s s e s  the s ta t e , the d i s s o lved 
sol ids content of the water inc rea se s in the we s t  and the n  
decrea s e s  a s  i t  trave l s  e a s tward . Tr ibutary i n f low wi th low 
d i s so lved so l id content down s tream from the C imarron River 
markedly improve s the qua l i ty . Two tributarie s of the S a l t  
Fork Arka n s a s  River and the C imarron River contain large 
amoun t s  of d i s so lved so l id s  f rom s a l t  p l a i n s  in the ir upper 
b a s in s . Thi s prob l em occur s a t  the we s tern end o f  the Red 
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TABLE J - 2 9 

E S T IMATE D  ATTAINMENT OF NATI ONAL T S P  AND S 02 AMB IENT 
AIR QUALI TY S TANDARDS BY AI R QUALI TY CONTROL REG I ON l 

( OKLAHOMA ) 

P ROBAB LY P RO BABLY ATTA I NMENT 
W I L L �J I L L  NOT STATU S 

ATTA I N  ATTA I N  UNC ERTA I N  

*01 7 .  Metro pol i tan Ft . Smi th TSP 2 
I n ters tate ( Ark . ) so2 

*022 .  Shrev eport-Texarkana- TSP 2 
Tyl er I n ters ta te ( Ark . , so2 
La . , Texas ) 

1 84 .  Central  0kl a h oma so2 T S P  -
Po i n t and 
n o n - po i nt 
s ou rc e s  

1 85 .  North Centra l O k l a h oma TSP 
so2 

1 86 .  Northe a s tern O k l ahoma so2 TSP -
Po i n t and 
n on - p o i nt 
s ou rc e s  

1 87 .  No rthwe s tern O k l a h oma so2 TSP 
Fu g i t i v e 
d u s t a rea 

1 88 .  Sou thea s tern O k l a h oma TSP 
so2 

1 89 .  Sou thwes tern O k l a h oma so2 TSP 
Fu g i t i ve 
du s t  a rea 

* = I n ters ta te AQCR 

1 A tta i nmen t i s  ba s ed o n  mo s t  rec en t a i r  qual i ty data a va i l a b l e ;  
these do n o t , i n  a l l ca ses , ref l ect fi n a l  compl i a nce . Es t i ma ted 
a ttai nme n t  s tatus for both TS P ( to ta l  s u s pended parti cu l a te ) and 50 2 
( s u l fu r  d i ox i d e )  i s  ba s ed o n  a n n ua l and/or 24 - h o u r  average s . Commen t s  
n o t i ng factors that pre v e n t  attai nmen t a re occas i on a l l y  i nc l uded i n  
the l as t  two co l umn s ; the s e  comme n ts , l i ke the a tta i nme n t  s ta tu s , a re 
b e s t  es t i ma tes a nd/or j udgeme n ts . 

2Es t i ma ted a tta i nme n t  status for t h i s po l l utant i s  d i fferen t i n  
a n o th er S ta te port i on of th i s  i n ters tate AQCR .  
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Figure J- 6 0 . D i s charge-we ighted average o f  concen trat ions o f  
total di s s o lve d s o l i d s  i n  s tre ams and exis ting l ake s . { Oklahoma Water 
Re source s Bo ard , Ok l ahoma Comprehens ive Water P l an , Sept . 1 9 7 5 , Figure 
1 1- 6 , Re source chapter - p . 5 . ) 

Note : A color copy o f  th i s  d iagram i s  availabl e for view ing at the 
FEA Fre ed om of Informat ion O f f ic e  in Na shington , D . C .  



River . I n f low from tr ibutari e s  be low Lake Texoma reduc e s  the 
d i s so lved so l i d s  content o f  t he Red River near the Arkan sa s 
Oklahoma l ine t o  about one - f i f th the average value near the 
Texa s -Ok lahoma l ine . 

Water ha s migrated thro ugh s a l t  depo s i t s  emerg ing a s  
s a l t  seeps and spring s  that have natur a l l y  po l luted several 
s tream s . The se inc lude the Arkan sa s , C imarron and S a l t  Fo rk 
o f  the Arkan s a s  in northwe stern Oklahoma and the Red River 
and i t s  tributar ie s ,  the North Fork , S al t  Fork , E lm Fork , 
and Pra irie Dog Town Fork in southwe s tern Oklahoma . The 
Canadian and Washita Rive r s  in we s t  c entral Ok l ahoma have 
thi s n a tural po l lution , but it i s  of the sul fate type c oming 
from gyp sum de po s i t s  i n s tead o f  s a l t  depo s it s . 

B r i ne r e l ea s e s f rom o i l  and g a s  produc tion have con
tributed to the po l lution of many streams and groundwater 
suppl i e s . The waters of Walnut B ayou and Mud Cree k ( in the 
south c e ntra l portion of the s tate ) , t he Canadian River 
above Eufaula Re servo ir , the Arkan s a s , Verdigr i s , and Caney 
Rive r s  are high in c h loride co ntent r e s u lting from improper 
d i spo sa l of o i l fi e l d  br ine s in the e a r l y  days of the o i l  
ind u s tr y . Var iable amo unts o f  s a l t  wa ter are produce d  per 
barre l of o i l , depending on the age of t he o i l  f i e ld . I n  
new f i e ld s , l i ttle or n o  b r ine i s  produc e d , b u t  o l de r , 
nearly dep l e te d  f i e l d s  may yield a s  muc h a s  1 0 0  barre l s  o f  
s a l t  wa ter per barre l o f  o i l  produced . O k lahoma s tate water 
po l l ution contro l agenc i e s  report over 95 percent of the 
brine produc e d  from p etro l eum activitie s i s  be ing r e inj ec ted 
into produc t ion strata for po l lution contr o l  and secondary 
recovery . 

Water pol lutants a s soc iated wi th agricu n .ura l and 
ranching operations are ferti l i z er s , herbir : �;� s , insecti
c ide s , s a l t  concentr a tions in irrigation r '  c.c� n f lows , 
an imal wa s te s , and s i l t  from o ve r l and runo f t . E xc e s s ive 
concentrations o f  the s e  po l lutan t s  can and do c hange the 
qua l i ty of s treams dur ing periods o f  high runo f f  and g ro und 
water dur ing seepage . Mining wa s te s and therma l po l lution 
a l so contr ibute to t he po l lution of streams and g round wa ter 
in Ok l a homa . 

Groundwater Qua l ity 

The water qua l i ty of g roundwater re sourc e s  in O k lahoma 
i s  gene r a l l y  good , though some water qua l i ty prob l em s  do 
e xi s t . The Dog Creek S ha l e  and B la ine Gyp sum are high in 
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sul fate s  and exceed water qua l ity s t an dard s ( i . e . , < 2 5 0  
mg/l ) . The water i s  o f  suf f i c ient qua l ity for i rr ig ation , 
however .  B r ine i n f i l tration pre sent s a ma j or prob l em i n  the 
Vamo o s a  F o rmat ion . Abandoned , improper l y  p lugged o i l  and 
ga s we l l s  are a sourc e o f  contamina t ion . P o s s ib l e  contam
i nat ion a l so e x i s t s  from wel l s  u sed by the p e trol eum industry 
for brine d i spo sal and by other indu s tr i e s  for c hemi c a l  wa ste 
d i spo sal . 
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APPENDI X  K 

ATMOSPHERIC HEALTH EFFECTS OF POLLUTANTS 
RELEASED F ROM PETROLEUM P RODUCT ION 

Thi s  appendi x  is provided to indicate the general nature 
of pos s ible health e f fects resul ting from e xposure to sul fur 
oxide s , c arbon monoxide , and hydroc arbons , the ma j or atmo s 
pheric po l lutants a s s o c iated with pe tro l e um produc tion . I t  
i s  certainly imprac tical and e ffective ly impo s s i b l e  to make 
e s timate s of the actual health cons equences of the alterna
t ive pric ing strateg i e s  examined .  The in formation contained 
in the appendix i s  provided a s  background in cons idering the 
impact of the examp l e  c a s e s  de s cribed in the main body of the 
text . 

A .  He a l th Impacts o f  S u l fur Oxide s 

I n  a s s e s s ing the hea l th impacts as s oc iated with sul fur 
oxide s it is impo rtant to real i z e  that the mo s t  s igni f ican t  
impact i s  n o t  produced b y  s u l fur dioxide i t s e l f .  S ul fur 
dioxide has l i ttle e f fe ct on the respiratory sys tem if ad
minis tered by its e l f . I t  i s  e a s i ly ab sorbed by the f l uid 
in the upper re spi ratory tract t i s s ue s  and i s  re lative ly 
non- i rr i tating . The hea l th impacts a s s o c i ated with atmo s 
phe ric s u l fur oxide s are due almo s t  exclus ive ly to sul fur i c  
acid ae ro s o l s  and particulate s u l fate s . 

The s u l fur dioxide emitted by bo i l e r s  can be oxidi z ed 
in the atmo sphere to produc e sul fur trioxide gas ( S03 ) and 
thi s  in turn can be hydro ly z ed in mo i s t  a tmo s pheres to y i e ld 
s u l furic acid , H 2 S 04 . The sul furic acid c an react with 
ava i lable bases  to produce part i cul ate s ul fate s : 

oxidant 
catalys t  

so 3 

Thus the health e f fects a s soc i ated with s u l fur oxide s 
wi l l  be increased by any subs tance s which tend to accel e rate 
the conver s ion o f  sul fur dioxide into s u l furi c  acid and par
ticulate sul fate s . F ine particulates are known to cataly z e  
the oxidation o f  sul fur d ioxide , a s  are particulate trace 
me t a l s  s uch a s  mangane s e , vanadium , and iron . Particul ate 
trace me tal s have been s hown to r e s u l t  in a thre e fo l d  to 
fourfold incre a s e  in the irri tant re sponse o f  guinea pigs to 
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sul fur d ioxide . In addi tion , the s e  trac e me tals c an reac t 
with s u l fur ic acid aero s o l s  to produc e highly toxic me tal l i c  
sul fate s . Z inc ammonium sul fate , f o r  examp le , i s  known to 
be twic e  as toxic o logic a l ly potent as s ul fur ic a c id . l 

Oxidants suc h  a s  o z one wi l l  a l s o  provide the potenti a l  for 
the adver s e  e f fects of sul fur oxide s by promoting the oxi 
dation o f  sul fur diox ide . 

One important e f fect which has been s hown to be a s s o 
c iated with atmo spheric sul fur oxides i s  r e s p iratory irrita
tion . According to EPA ' s  Air Qual ity Crite ri a  for Sul fur 
Oxide s : 2 

Laboratory obs ervations o f  respiratory irritations 
s ugge s t  that mo s t  individua l s  wi l l  s how a response to 
s u l fur dioxide at concentrations o f  5 ppm ( - 1 4  mg/m3 ) 
and above . At concentrations o f  1 ppm to 2 ppm ( - 3 
mg/m3 to - 6  mg/m3 ) an e f fect c an be detec ted on ly i n  
certain s en s itive individua l s , and on occas ion , expo
sures to 5 ppm to 10 ppm ( - 1 4  mg/m3 to - 3 0  mg/m3 ) have 
been shown to c ause s evere bronchospasm in s uc h  persons ; 
no further special s tudy at lower concentrations has 
been c arried out with the s e  individua l s . The expo s ure 
of the more sens i tive ind ividua l s  to 1 ppm ( - 3 mg/m3 ) ,  
a l though i t  doe s  not produce s evere broncho spasm , doe s  
e l i c i t  a detectable re s pon s e . 

Sul fur ic acid i s  a much more potent irritant to man 
than is sul fur dioxide , and its  e f fects are h ighly 
dependent on partic le s i z e . I n s u f f i c i ent data are 
ava i lable for quanti tat ive as s e s sment of the health 
h a z ard . There i s  inadequate in formation on the r e 
s ponse o f  human s ub j ects t o  any o f  the other partic
ulate sul fates . 

1Environmental Re s earch and Techno logy , Inc . , Sources 
and Impacts o f  Sul fate s in the Atmo sphere (working draft ) , 
EPA P - 1 2 9 1 , S ec tion 6 . 1 . 

2 
U . S . Department o f  Health , Education and We l fare , 

Pub l i c  Hea lth S ervic e , Nation a l  Air P o l l ut ion Contro l Admin 
i s tration , Air Qua l i ty Criteria for Sul fur Ox ide s , NAPCA 
Pub l i c ation No . AP - 5 0 ,  January 1 9 6 9 , p .  1 0 0 . 
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Sul fur i c  acid genera l ly has a more pronounced e f fe c t  
than s ul fur diox ide . Amdur e t  al . 3 s tud i ed t h e  e f fects  o f  
expo sure t o  sul fur i c  a c i d  aero s o l s  o f  mas s  mean d i ameters 
( M.i.�D ) of 1 mic ron for a 1 5 -minute period . I n  1 5  sub j e c t s  

e xposed to concentrations r anging from 0 . 3 5  mg/m3 t o  0 . 5  
mg/m3 the fol lowing e f fects were observed : inc r e a s ed r e s 
p iration r ate ( 3 0  percent ) , dec r e a s ed r e spiratory f l ow r ate 
( 2 0  percent ) , and decre ased tidal vo l ume ( 2 8  pe rcent)  . 

The s e  change s genera l ly occurred within the f i r s t  3 minutes 
o f  e xpo sure and were rever s ib le upon termination o f  e xpo
s ur e . In interpre ting the s e  results i t  s hould be kept in 
mind that 1 mg of sul fur d ioxide , if comp l e te ly oxid i z e d  and 
hydrolyzed , wi l l  generate about 1 . 5 3 mg of pure sul fur i c  
a c id , or propor tionately l arger mas s  o f  more di lute sul furic 
a c id so lution s . 

Sul fur i c  oxide s have been imp l i cated in a number o f  
phy s iological e f fe c t s  other than respiratory irritation . 
The thr e s holds for some of the mor e  important o f  the s e  
e f fects are d i s p l ayed i n  Tab le K - 1 . Thr e s hold concentrations 
are s hown for sul fur d ioxide , sul furic acid , and various 
comb i nations o f  the two . 

In add ition to acute e f fects produced by r e l ative l y  
h i gh concentration s , long-range e f fe c t s  o f  l ow l eve l o c c u 
pat ional exposure may a l so be observed . Mo s t  o f  the ava i lable 
data on chronic long-range e f fects o f  sul fur d i oxide e xpo sure 
come out o f  ep idemio logical  s tud i e s  in which various pub l i c  
health s tati s ti c s  a r e  regre s sed again s t  s u l fur dioxide 
concentration data in order to demons trate corre lations 
between the two vari ab le s . Data on demo gr aphic var i ab l e s  
s uc h  a s  age d i s tribution a l s o  have t o  b e  taken into account 
in such analy s e s  to f i l ter out e f fects which may be due to 
varying d i s e a s e  inc idence r ate s among d i f ferent age group s . 

A number o f  cautions have to be emphas i zed i n  the 
interpretat ion o f  mul tiple regre s s ion analy s e s  o f  ep idemio
lo gical data . 4 

3M . O .  A.'ndur e t  al . ,  " Inhal ation of S u l furic Ac id M i s t  
b y  Human Sub j e c ts , "Ame r ic an Med ical As s oc iation Archives Inc . 
Hyg . Occup . Med . 6 ( 1 9 5 2 ) : 3 0 6 - 3 1 3 . 

4 Energy Re sources  Co . Inc . , A Conceptual Framework for 
Ana l y z ing Alternative Nondegradation Propo sa l s , for the U . S .  
Environmental Protec tion Agency , Po l icy P l anning D iv i s ion , 
November 3 ,  1 9 7 5 . 
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TABLE K - 1  

THRE S HOLD CONCENTRAT IONS O F  SULFUR DIOX I DE , 
SULFURIC AC I D , AND THE I R  COMBINAT I ONS FOR VARI OUS RE SPONSES 

THRE SHOLD CONCENTRAT ION 

P ROCEDURE USED H 2 so 4 so 2 H 2 so 4 
+ 

µg/rn 
3 

µg/rn 
3 

µg/rn 
3 

Thre shold Concentration 
of I r r i tation E f fec ts & 6 0 0 - 8 5 0  1 , 6 0 0 - > 3 0 0  
Odor Perc eption 2 , 6 0 0  

Data Obtained by the 
Me thod of Eye Adaption 6 3 0 - 7 3 0  9 2 0  > J O O  
to Darkne s s  

Data Obtained by the 
Me thod o f  Optical 7 3 0  1 , 5 0 0  6 0 0  
Chronaxie 

Encephalographic Me thod 6 3 0  9 0 0  > 3 0 0  

" E le c trocorti cal " 4 0 0  6 0 0  1 5 0  Condi tioned Re f lex 
3 0 0  

S ource : U . S .  Environmental Pro tec tion Agency , Air 
Qual i ty Crite r ia for S u l fur Oxide s , p .  9 9 . 
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so 2 

µ g/m 
3 

5 0 0  

5 0 0 

1 , 2 0 0  

5 0 0  

5 0 0  
2 5 0  



Corr e l ations do not e s ta b l i s h  c aus a l  r e lationships . 
Moreove r , even w i th a h ighly s igni f i c ant corre lation the 
correla tion c o e f f ic i en t s  cannot be taken very s e r ious ly . 
There a re too many po s s ib i l it i e s  o f  interre lationships among 
the variab l e s  and of s igni f i c ant f ac tors no t taken i nto 
account . I n  this c a s e , the variab l e s  over looked may inc l ude 
factors of occupation , soc ioeconomic pos it ion , or habit . 
Add i tional problems s tem from the n ature o f  the data . 
Me a s urement s  o f  e xpos ure to po l lution are made inaccur a te by 
popu l ation mob i l ity , d i f ferent activiti e s , and local var i ations 
in p o l lutant l eve l s . Examining morta l i t i e s  dur ing days o f  
vary ing po l l ution leve l s  i s  prob lematic because i t  doe s not 
indicate a r e l at i on s h ip between the origins of d i s ea s e s  and 
air qua l i ty . Even when h igh morta l i t i e s  are ob s e rved over 
period s  of h igh p o l lution leve ls , the s e  may j us t  indicate an 
advanc ement by a f ew weeks of the t ime of death . After 
examining annual r e s piratory d i s e a s e  mo r ta l i ty rate s i n  h igh 
ver s u s  l ow p o l lution areas , i t  i s  impo s s ib l e  to take into 
account a l l  the d i s tinc t ions between urban and rura l  areas 
which might also a f f ec t  death rate s . S im i l ar d i f f ic u l t i e s  
ar i s e  with stud i e s  o f  morbidity data . Emp loyee absence 
rate s corre l ate with pol lution l eve l s , but both o f  t he s e  are 
also high on certain d ay s  o f  the week . Much o f  the c o l lec tion 
of data is e ither by que s ti onnaire , wher e  rec a l l  may b e  a 
prob l em , o r  e l s e  by s tudy ing h i s to r i c a l  s ta t i s t i c s  s uc h  a s  
c e n s us reports and comparing them with whatever a i r  po l -
l ution data are ava i l ab l e , which may no t b e  accurate for the 
t ime period in ques tion . F ina l ly , negative r e s u l t s  are no t 
pub l i s hed , s o  the pos i tive one s  may be g iven too much we ight . 

Desp ite the s e  prob l ems , much us e fu l  work has been done 
with corr e l at i on s . Lave h a s  been extreme ly thorough , 
examining a variety o f  var i ab l e s  and s everal po s s ib l e  
algebraic forms . 5Together with F re eburg , h e  reports a b e s t 
f i t  l inear mode l : 

5 
L . B .  Lave and L . C .  Freeburg , " Gener a l  S af ety Cons ider-

ations , "  Nuc l ear S a fety 1 4  ( 5 )  : 4 1 7 . 
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MR = 1 9 . 6 1 + . 0 4 1P + . 0 7 1Smin + . O O lD + . 0 4 1NW 
+ . 6 9 E  + e ,  

where MR = Mortal ity rate per 1 0 , 0 0 0  popul ation 
P = P articul ate concentration ( annual mean ) 

Smin = Min imum b iweekly s u l fur concentration ( as so 4 ) 
D = Population dens i ty 

NW = P ercent o f  population which i s  non-white 
E = E lderly over 6 5  
e = Error 

T h i s  was the r e s u l t  of a regre s s ion of 1 9 6 0  data f rom 1 1 7 
U . S .  c i t ie s ; 8 2 . 7  percent o f  the var i ance i s  exp l ai ne d . 6 
The tact that Lave and Freeburg u s e  s u l fate me a s urements for 
s u l fur leve l s  may be helpful , s ince s u l f a te is now recogn i z e d  
a s  the more de leterious subs tanc e . On the b a s i s  o f  this  
equation , a 1 0  percent i ncreas e in S0 4 and i n  part iculate 
concentration wou l d  mean a . 9  percent incre a s e  i n  the total 
mortal ity rate . A 1 9 6 9  regre s s ion with data f rom 8 9  c i t i e s  
indicate s that a 1 µ g/m 3 incre a s e  i n  mean particulate o r  mean 
S0 2 l eve l s  would r e s u l t  i n  incre a s e s  in morta l i ty rates o f  
. 0 8 5  per 1 0 , 0 0 0  p eop l e  p e r  year o r  . 0 3 9 p e r  1 0 , 0 0 0  peop l e  
per year , respect iv e ly . 

A s ununary o f  s ome o f  the important health and vegetation 
e f fects of sul fur oxides is pres ented in F igur e s  K - 1  and 
K-2 . 

B .  Health Impacts o f  Atmo spheric CO 

Carbon monoxide owe s many of i t s  toxic properties to 
the fact that it competes with oxygen for b inding s it e s  on 
the hemo g lo b in mo lecul e s . S ince the a f f in i ty o f  c arbon 
monoxide for h emo g lobin is about 2 0 0  t imes a s  great as that 
o f  oxyge n , even r e l atively sma l l  conc en trations may s igni 
f icantly impair oxygen transport . CO b inds with hemoglob in 
to form carboxyhemoglobin , COHb . Equ i l ibr ium l eve l s  o f  COHb 
can be re lated to arrill ient CO concentration s by the f o l l owing 
emp ir i c a l  r e l ations hip : ? 

COHb in % = 0 . 1 6  ( CO in ppm ) + 0 . 5 ,  

where 0 . 5  i s  the e s t imated background l eve l o f  COHb , 
r e s ul t ing f rom the e x i s tence o f  natur a l  endogenous 
CO sour c e s  in the body . 

7
J . R . Goldsmith and S . A .  Landaw , " C arbon Monoxide and 

Human H e a l th , "  S c i ence 1 6 2  ( 1 9 6 8 ) : 1 3 5 2 - 1 3 5 9 . 
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F i g ur e  K - 1 . E f fe c t s  o f  s u l fur o x i d e s  p o l l ut i on on 
h e a l t h . Shaded area repre s e n t s  r a n ge of con c e n t r a t i on s  and 
exp o s ure times i n  wh i c h  d e a th s  h a ve been reported in e x c e s s  
o f  n o rma l e xp e c t a t i o n . G r i d  a r e a  r e p re s e n t s  range o f  c o n c e n 
t r a t i o n s  a n d  exp o s ure t i me s  in wh i ch s i gn i f i c an t  h e a l th 
e f fe ct s  h a ve b e e n  report e d . S p e c k l e d  area repre s e n t s range s 
o f  c o n c e n t r a t i o n s  and e xpos ure t ime s i n  wh i c h  h e a l th e f f e c t s  
a r e  s u s p e c te d . ( S . J .  Wi l l i amson , F u n a ane n t a l s  o f  A i r  P o l 
l u t ion , Re ad in g , Ma s s . :  Add i son -We s ley Pub l i s h i ng Co . ,  1 9 7 3 , 
F i guri 8 . 2 ,  p .  2 6 3 , from U S DHEW , P H S , A i r  Qua l i t y  C r i te r i a  
f o r  S u l fur O x i d e s ,  NCAC , 1 9 6 7 . )  

F i gure K - 2 . E f fe c t s  o f  s u l f u r  on veg·e t at i on . Shaded 
a r e a  repr e s e n t s  th e range of conce n t r a t i on s  and expos ure 
t ime s i n  whi ch i n j ury t o  vege t at i on has been reported ; wh i t e  
are a , t h e  range o f  c on c en t r a t i on s  an d e xp o s u re t ime s o f  un
d e t e rm i n e d  s i gn i f i c an c e  t o  vege t a t i on . ( Wi l l i amson , F unda
me n t a l s  of Ai r P o l l u t i on , F i g ure 8 . 3 ,  p .  2 6 3 , f rom US DHEW , 
PHS�--Ai r  Qua l i t y  Cr i te r i a  for S u l fur Oxide � , NCAC , 1 9 6 7 . )  
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Thi s  re lationship between CO concentrations and COHb l eve l s  
i s  u s e ful s in c e  toxic e f fe c ts data are frequently reported 
in terms of COHb l eve l s  rather than directly in terms o f  
ambient CO . 

A numbe r  o f  p sycho log i c a l  e f fects ( impaired p e r fo rmanc e  
on various s en s o ry d i s c r imination and psychomo to r  t e s t s ) 
have been no ted i n  con j unction wi th this l eve l o f  COHb . 
F igure K - 3  summa r i z e s  the re sults o f  a s tudy performed by 
S hulte on the e f fects of v a r ious COHb l eve l s  on a number o f  
psycho log ical func tion s . S ta t i s t i c a l ly s igni f icant p e r 
formance impairments are ob s e rved t o  b e  a s s o c i ated with CO 
e xposure and e levated COHb leve l s . The e f f e c t  ob s e rved a t  
8 . 5  percent , though re latively smal l , i s  s igni f ic ant . 

Beard and Wertheim
8 

reported imp aired t emporal d i s 
c r imination a s s o c i ated with CO expo s ure . E ighteen s ub j e c ts 
were expo sed to pairs  o f  1 , 0 0 0  H z  audio s igna l s  o f  vary ing 
lengths i n  a soundproo f room , and as ked to report which 
pers i s ted longe s t . The f ir s t  tone i n  each p a i r  l a s ted for 1 
second , and the next las ted for between 0 . 6 7 5  and 1 . 3 2 5  
s econd s . The r e s ults of the expe riment are s hown i n  F igure 
K-4 . S ignif icant imp a i rment was obs erved at a CO conc entra
tion of 5 8  µg/m3 ; the e f fect was observed i n  90 minute s . 

McFarland e t  a l .
9 

s tudied the e f fe c t  o f  CO expo s ur e  on 
visual d i s c r imination . H i s  experiments meas ured the inten s i ty 
o f  the weake s t  red l ight which could be perce ived by s ub j e c t s  
in 0 . 1  s econd f lashes again s t  an i l luminated backgro und . 
The re lations hip between COHb leve l s  and visual thr e s ho ld s  
i s  s hown i n  F igure K- 6 .  A s igni f ic an t  e f fe c t  i s  obs erved at 
5 percent . 

Another s tudy repo rted the e f fect o f  CO expo s ure on 
ab i l ity to e s t imate time interva l s : " Whi le individua lly 
iso late d  i n  a no i s e - in s u lated e xp o s ure chamber , s even 
s ub j e c ts e s timated the pas s ag e  of 10 and 30 s ec ond inter
val s . E s t imation o f  1 0  s e cond interval s  was not a f f e c ted by 
CO expo s ure . A highly s igni f ic ant d o s e - re lated per formance 
decrement occurred , howeve r , with attempt s  to e s t imate 

8 
R . R .  Beard and G . A .  Wer th e im ,  " Be havioral Impai rment 

As s o c i ated with Sma l l  Do s e s  o f  C arbon Monoxide , 11 Amer ican 
Journal o f  Pub l ic Hea l th 5 7  ( 1 9 6 7 ) : 2 0 11 - 2 0 12 . 

9
R . A .  McF a r l an d  e t  a l . ,  " Th e  E f fe c t s  o f  Carbon Monoxide 

and Alti tude on Visual Thre s ho lds , "  Avi ation Medi c ine 1 4  
( 1 9 4 4 ) : 3 8 1 - 3 9 4 . 
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F i gure K - 3 . E f fects o f  sma l l  concent rat ions o f  COHb on 
certain psychomoto r t e s ts . ( J .  H .  S chulte , " E ffects  of Mi ld 
Carbon Mono xide I n toxi cat i on , "  Ar chives o f  E nvi ronmental Health 
( 7 )  ( 1 9 6 3 ) , Figure 8 - 7 , pp . 8 - 1 6 . )  
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F i gure K - 6 . Re lation b e -
tween COHb and v i s u a l  thr e s ho l d . 

S ource : R . R .  Beard and G . A .  Wert heim , 
ment a s s oc iated wi th S ma l l  Dos e s  o f  C arbon 
Journ a l  of Pub l i c He alth ( 5 7 )  ( 1 9 6 7 ) . 
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3 0 s e c ond interva l s . Expo sure s o f  6 4  minut e s  at 5 8  µg/m
3 

produced s ign i fic an t  impairment . " 1 0  

S ome data o n  the e f fects o f  CO concentrations o f  
5 8  µ g/m3 on visua l  per formance a r e  pre s ented be low : l l  

• Re lative br ightn e s s  thr e s ho ld a f te r  4 9  minutes 
s howed 4 . 4  percent impairment . 

• Critical  f l icker fus ion f requency a f te r  5 0  minutes 
s howed 5 . 0  percent impairment . 

• Visua l  acuity a fter 2 7  minute s  s howed 5 . 5  percent 
impairmen t . 

• Vi s ua l  acuity a f te r  6 0  minute s s howed 1 7 . 5  percent 
impairment . 

Continued expo sure to low leve ls o f  c arbon monoxide has 
been reported to be a s s oc i ated with a chronic condition 
known a s  the CO syndrome , a lthough according to EPA ' s Air 
Qua l i ty Cr iteria for Carbon Monoxid e , " th e  evidence for the 
occurrence of such a condition is inadequate and b a s ed 
prima r i ly on sub j e c t ive symptoms . "  The criteria document 
a l s o  notes that s ome epidemio log i c a l  eviden c e  exi s t s  s up 
porting chronic e f fe c t s  o f  low l eve l expos ure to co : l 2  

The evidence t o  date , a l though inconc lus ive , s ugge s t s  
that weekly average C O  value s i n  e xc e s s  o f  f rom 9 t o  1 6  
mg/m3 may b e  a s s o c i ated wi th a n  incre a s e  i n  mortal ity 
in hospita l i z ed patien t s  with myoc ardia l  i n farc t i on . 
S ub s t antiation o f  thi s  impres s ion wi l l  requir e  a s tudy 
o f  the p rogno s i s  of myocard i a l  infarc tion patients i n  
re lationship to COHb leve l s  mea s ured at admi s s ion t o  
t h e  hos p i ta l . 

1 0  U . S .  Department o f  Health , E ducat ion and We l f are , 
Pub l ic Hea l th S ervic e , National Air Pol lution Control Admin
i s tr ation , Air Qua l i ty Criteria for C arbon Monoxid e , National 
Air P o l lution Contro l Admin i s tr ation Pub l i cation No . AP - 6 2 ,  
March 1 9 7 0 , pp . 8 - 2 1 . 

1 1u . s . Department o f  Health , Educ ation 
Qua l i ty C r i te r i a  for C arbon Monox id e , 1 9 7 0 , 

1 2 u . s . Department o f  Health , Education 
Qua l ity C r iteria for C arbon .Monox_ide , 1 9 7 0 , 

K - 1 1  

and 
pp . 

and 
pp . 

We lfare , Air 
8 - 2 2 . 

We l fare , Air 
9 - 1 8 . 



Although mo s t  of the data deal with the e f fe c t s  o f  CO 
exp osure on heal thy individua l s , some work has been done on 
more s en s itive e ler<,2nt s o f  the population . Among the group s 
who could be expec ted to b e  mos t  sens it ive to the toxic 
e f fects o f  CO are : 

l .  People with anemi a . 

2 .  P eople with c ardiovas cular d i s e a s e  resul ting in 
c irculation impairment . 

3 .  P eople with increased oxygen demand due to 
abnormal metabo lic state s . 

4 .  P eople with chron ic pulmonary d i se as e . 

5 .  �he deve loping fetus . 

I n  addi tion , c igarette smokers may cons titute a s en s i 
tive population group s ince they are already expo sed to h igh 
l eve l s  of CO in c igarette smoke . 

C .  Health Impacts o f  Atmo spheric Hydroc arbons 

T he a s s e s smen t of the hea l th impac ts a s s oc iated wi th 
amb ient atmospheric hydrocarbon s is more di f ficult than the 
equiva lent a s s e s sment of c arbon monoxide , chie f ly because o f  
the i l l -d e f ined nature o f  hydrocarbon r e s idua l s . The s ub 
s tanc e s  which a r e  mea s ured a s  " hydroc arbons " b y  c onvent ional 
mon i to r ing techniques ( e . g . , f lame ion i z ation method s ) in 
fact cons i s t  of hundreds of chemically d i s tinct s ub s tanc e s  
in many c hemical c ategorie s :  a l iphatic s ,  aromat i c s , a l i 
cyc l ic compounds ,  heterocyc l ic compounds ,  o rganome t a l  c om
pounds , etc . Each of the individual components has i t s  own 
toxic prope rti e s , and synerg i s ti c  and antagon i s tic inter
actions comp l icate the ana lys i s  o f  the tox i c i ty of the 
mixture . Although no in formation has been located on the 
spec i fi c  hydrocarbon c omponents o f  proc e s s  e f f l uents from 
in-s itu combus t ion , some data are ava i l ab l e  on the propor
t ions of var ious hydrocarbons i n  total atmospheric hydro
c arbons from a vari e ty o f  pol lution sourc e s . According to 
EPA ' s  Air Qual ity Criteria for Hydroc arbon s :  

I n  a s e r ie s o f  2 0 0  s amp l e s  taken in one urban location , 
aver ag e  concentrations o f  the mo s t  abundant hydroc arbons 
were as fo l lows ( in ppm a s  carbon ) : methane , 3 . 2 2 ; 
to luene , 0 . 3 7 ;  n -butane , 0 . 2 6 ;  i -pentan e , 0 . 2 1 ; ethan e , 
0 . 2 0 ;  ben z en e , 0 . 1 9 ; n-pentan e , 0 . 1 8 ;  propan e , 0 . 1 5 ;  
and e thy lene , 0 . 1 2 .  Among c l a s s e s  o f  hydroc arbon s ,  
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the a lkane s predominate , even i f  methane i s  excluded .  
They are f o l lowed by the aromatic s ,  o le f in s , acetylene s ,  
an d  a l icyc l ic s . 

Although the s e  p roportions may b e  b ro adly repres entative 
o f  tho s e  found i n  c ombus tion r e s idua l s  ( s ince a l arge propo r 
t i o n  o f  urban a i r  po l lution i s  derived from fos s i l  fue l 
combus tion p ro duc t s ) , i t  would b e  foo lhardy to a s sume that 
the s e  ratios could b e  extrapo l ated quanti tative ly to tho s e  
found i n  i n - s itu combus t ion r e s i dua l s . 

The ana ly s i s  o f  hydroca rbon impacts i s  further c omp l i
c ated by the fact th�t they are s ub j e c t  to c hemic a l  tran s 
formations ( particularly oxidation through reactions with 
o zone and o ther o xidants ) which can s ub s tan t i al ly a lter 
the i r  toxi c ity . Parti a l ly oxidi z ed hydrocarbons contain 
highly irr itating and toxic a ldehyde s and ketone s , and as 
photochemi c a l  smo g , c an cause s igni f icant a i r  qua l i ty prob
lems . Thu s , the impact of atmo spher i c  hydroc arbon s  wi l l  
depend t o  a s igni f i c ant extent o n  a s s o c i ated oxidant l eve l s . 

The f o l lowing genera l corrunent s  can be made about the 
tox i c ity of the var i ous hydrocarbon pol lutan t s  which might1 3  
b e  found i n  o r  produced f rom in- s itu combus tion emi s s ion s . 

The a l iphatic and a l icyc l ic hydro carbons are genera l ly 
b iochemic a l l y  inert , though not biological ly inert , and 
are only reactive at concentrat i on s  o f  1 0 2 to 1 0 3 

h i gher than tho s e  l eve l s  foun d  i n  the amb i ent a tmo s 
phere . No e f fe c t s  have been reported a t  l eve l s  b e l ow 
5 0 0  ppm . The aromatic hydroc arbons are bio chemic a l ly 
and b iological ly ac tive . The vapors are more i r r i 
tating to t h e  mucous membrane s than equiva l en t  concen
tration s  of the a liphatic o r  a l icyc l i c  group s . S y s t e 
�at i c  inj ury c an r e s u l t  f rom t h e  inha lation o f  vapors 
o f  the aromatic compounds ;  no e f fects , however , have 
been reported at leve l s  b e low 2 5  ppm . 

Pulmonary function and eye i rr i ta tion have been evalu
ated by the expos ure of  exper imental an ima l s  and 
humans to various mixed atmo s pheres that had the 
character i s t i c  of providing the mi l ie u  nec e s s ary for 
hydrocarbon reactivity . Exp erimental data indicate 
that the precur s o r s  o f  the eye irri tants are 

1 3 u . s .  Department of Health , Education and We l f are , Air 
Qual i ty C r i te r i a  for Hydrocarbons , Nationa l Air P o l lution 
Contro l Admini stration Pub l i cation No . AP - 6 4 , Marc h , 1 9 7 0 , 
pp . 8 - 3 0 . 
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hydrocarbons ( a s  we l l  a s  o ther organi c  c ompounds )  in 
comb ination with oxide s of n i trogen ; the alky lb en z en e s  
and o l e f  i n s  a r e  mor e  e f fective precur s o r s  than p ar a f 
f i n s , benz ene , and acety l ene s . The produc ts o f  photo 
c hemical reactions that have been identi f ied a s  e f fective 
eye irri tants are formaldehyde , acro l e in , peroxyacy l 
nitrate s , and peroxyben zoyl n i trate . I n  genera l , the 
mo s t  character i s tic and important e f fect of a l de hyde s 
for both humans and animal s  i s  primary irri tation o f  
the eyes , upper r e s p i ratory tract , and s k i n . The 
uns aturated a ldehyde s are s everal times more tox i c  than 
the corre sponding a l i phatic a ldehyde s ,  and toxic i ty 
gene r a l ly decre a s e s  with incr e a s ing mol e c ular weight 
within the uns a turated and a l i phatic aldehyde s er i e s . 
Animal experiments have s hown that a ldehyde s c an a f fe c t  
re s p iratory function s , c aus ing s uch e f fe c t s  a s  a n  
incre a s e  i n  flow r e s i s tance and tidal vo lume and a 
dec r e a s e  in the respiratory r ate . Animal population s , 
a l though many o f  the e f fe c t s  attributed to photochemi c a l  
smog , are indirec t ly r e lated t o  amb ie nt leve l s  o f  thes e  
hydrocarbons .  
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APP END I X  L 

CHEMICALS OF POTENTI AL USE 
IN S URFACTANT/POLYMER FLOODING 





TABLE L-1  

CHEMI CALS PROPOSE D FOR USE AS SURFACTANTS 

D i t e trad e c y l  d imethyl ammon ium c h l o r i d e  

Dod e c y l  t r ime thyl ammon ium - c h l o r id e  

H exad ec y l t r ime thy l ammon i um c h l o r id e  

Alkyl phenoxypo l y e thoxy e thanol 

p-Chloro an i l ine s u l fa t e  l au r a t e l 

p-To luidene s u l f a te laura te 

P o lyg lycer o l  mon o l aurate 

G ly c e r o l  d i s u l fo a c e tate monomy r i s tate 

n -Me thy ltaurine o l e amide 

Monobuty lpheny l  pheno l s o d i um s u l f a te 

Po lyoxy e th e lene a l ky l  p he n o l 

Morpho l i ne s te ar a t e  

P en taerythr i t o l  mon o s te a r a te 

D i h exyl s o d i um s u c c in ate 

D i e thy leneg lyc o l  s u l f a te 

S od i um s u l f a te o l e y l e thydan i l i d e  

A l f  a o le f i n  s u l fo n a t e  

A lky l ary l s u l fonate 

Alky l aryl naphthen i c  sul fonate with monova l en t  c at i on 

Hexadecy lnaphthalene s ul fonate 

S odium l aury l s u l f on a t e  

T r i e thano l2mine l au r a t e  

T r i e than o lamine my r i s ta t e  

Trie th2n o l am i n e  o l e a te 

n - D oc e cy l -d i e th le n e g l y c o l  s u l f a t e  

S od ium g ly c e r y l  mono l a ur a te s u l fate 

1Halogena ted compound s ,  though propos ed in the l i ter a tur e , 
are un l ik e l y  to be u sed in f i e ld operati on s  because t heir 
po s si b l e  pr e s ence i n  produ c ed o i l streams would p o i son the 
c ataly s t s  at the r e f inery . 

S ource : Energy Re sourc e s , Tert i ar y  O i l  Recovery , 1 9 7 6 ,  
p .  9 7 . 

L-1  



TABLE L - 2  

MATE RIALS P ROPOSED F O R  USE A S  MOB I L I TY BUFFERS 

Aldo s e s  

B s e r i e s  

L s e r i e s  

Amin e s  

C arboxymethy l c e l l u l o s e  

C arboxyv i ny l  p o l ymer 

Dex tr an s 

De soxy r i bonuc l e i c  acid 

G ly cer i n  

K e to s e s  

B s e r i e s  

L s e r i e s 

P o ly a c ry l am i d e *  

Po lye thy l e ne oxide * 

P o ly i sobuty lene in be n z e n e  

Rubber i n  b e n z en e  

S a cchar i d e s  

Con j ugated s a c charide s 

D i  s a c c ha r i de s  

Mono s a c charide s 

P o ly s a c char ide s *  

T e tr a s a c c h a r id e s 

* Mo s t  commonly use d . 

Sourc e : Energy Res ourc e s , Tert iary O i l  Rec overy , 
1 9 7 6 , p .  9 8 . 
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TABLE L - 3  

HYDROCARBONS USED AS FRACT I ON OF MICELLAR S LUG 
( O r  in Mi s c ib l e  D i s p l acement Proc e s s e s ) 

Alkyl ated aryl c ompounds 

Anthen i c  c ompounds 

Ary l  c ompounds with mono cyc l i c  c ompounds 

Alkyl phen o l s  

Ben z ene 

To luene 

Ary l  compound s with po lycyc l i c  compounds 

C rude o i l *  

Par t i a l ly r e f ined frac tions o f  crude o i l  

Overheads f rom c rude c o lumns 

S ide cuts from c rude c o lumns 

Gas o i l s  

S traight run g a s o l ine 

Kero s ine 

L ique fied petroleum gas  

N aphthas 

Heavy n aphthas 

Re f ined frac tion of crude o i l  

Paraff inic compounds 

Decane 

Dode cane 

Heptane 

Octane 

Pentane 

Propane 

Cyc l opar a f f  inic compounds 

Cyc lohexane 

Naphthenic c ompounds 

*Mo s t  commonly used 

S ourc e : Energy Re s ourc e s , Tertiary O i l  Rec overy , 
1 9 7 6 , p .  9 9 . 
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T.i>,,BLE L - 4  

CHEMI CALS PROPO S ED FOR U S E  A S  ELECTROLYTE S 

Ac i d s  

Hydro c h l o r i c  a c i d  

I no rg an i c  a c id s  

Org an i c a c i d s  

S u lfur i c  a c i d  

Ba s e s 

I norgan i c  ba s e s  

Organ i c  ba s e s  

S od i um hy drox ide 

S a l t s  

I norgan i c  s a l t s  

Org an i c  s l ats 

S od i um hydroxide 

S o d i um n i trate 

S o d i um s u l f ate 

S ource : Ene rgy Re sourc e s ,  Terti ary O i l  Recovery , 1 9 7 6 , 
p .  1 0 0 . 
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TABLE L - 5  

CHEMICAL S P ROPOSED F O R  US E T O  BLOCK 
EXCHANGE S I TES IN THE FO RMAT ION 

( Pre f l ushing ) 

Q uartern ary ammon i um s a lt s  

F l uoride so lutions 

P o t a s s i um permanganate 

S odi um hydroxide 

S ource : Energy Re source s ,  Tertiary Oil  Recovery , 1 9 7 6 ,  
p .  1 0 1 .  
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TABLE L- 6  

C H EMI CALS P ROPO S ED FOR U S E  AS COSURFACTANTS 

Alcoho l ic l iquor s 

F u ..s e l  o i l  

Al coho l s  

Alkary l a l c oho l s  

P he n o l 

p-Nony l phenol 

Amy l  a l coho l s  

I so pe n tano l *  

2 -p e ntan o l *  

Cre so l 

Decy l a lc o h o l s  

E thano l 

I s obu t a n o l  

n - Butanol 

Cyclohexanol 

1- Hexanol* 

2 - Hexanol* 

1 -0 c t a n o l  

2 - 0 c tano l 

I s op ropan o l* 

Aldehyde s 

Forma ldehyde 

G lutera ldehyde 

P a r a f orma ldehyde 

Ami d e s  

Am i no c ompound s 

E s te r s  

S or b i tan f a tty e s te r  

Ke tone s 

S ource : Ene rgy Re sourc e s , Tertiary O i l  Recovery , 1 9 7 6 , p .  1 0 2 . 
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APPENDI X M 

A I R  QUALITY REGULATORY RE STRI CTIONS 





The Un i te d  S t a t e s  Env i r o nmen ta l P r o te c t io n  Ag ency 
i n t e r p r e ted t he p r e c on s t r u c t ion r ev iew r e qu i r emen ts  o f 
the C l e an A i r  Act  on Dec emb e r  2 1 , 1 9 7 6 .  At th a t  t ime 
the r e s tr ic t io ns in the n a t i o n a l  a ir qu a l i ty s tand a rd s  
fo r  the g r owth o f  new o r  expanded sta t i o n a r y  a i r 
po l l u t i on sou r c es w e r e  e s t a b l i shed . 1/ The  r u l i ng s t a ted 
that a maj o r  new so u r c e  may l o c a t e  in an ar e a  w i th a i r  
q u a l i ty e x c eed ing the n a t io n a l  s tand a rd ( no n a t t a inme n t  
a r e a ) o n l y  i f  s t r ing e n t  co nd i t i o n s  c a n  b e  met . Th e se 
cond i t ions  i n c l ude : ( a )  the  g r e a te st po s s i b l e  deg r ee o f 
co n t r o l  fo r the new so u r c e ' s  em i s s i o n s ; ( b ) an  equ i v al e n t  
em i s s ion r ed u c t ion ( em i s s ion o f f se t )  b y  e x i s t i ng so u r c e s 
w i th i n  th e ar e a ;  and ( c )  t h a t  prog r e s s  w il l  be made 
tow a rd ach ievement of the s t an d a r d s  in the no n a tta inmen t 
a r e a s . Ten t a t iv e l y ,  the EPA h a s  d e f i n e d  a m a j o r  so u r c e  
as  any s t r uc t u r e ,  b u i ld i ng ,  f ac i l i ty , i n s t a l l a t ion o r 
ope r a t io n  ( o r comb i n a t i o n  the r eo f )  fo r wh i c h  the al l owab l e  
em i s s ion r a te i s  1 0 0  o r  mo r e  tons per  y e ar per  c r i te r i a 
po l l u tan t ( 1 , 0 0 0  to n s/year  o r  c a r b o n  mono x id e ) .  Spec i f i
c a l ly r e l a t ed to a r ea so u r c e s  o r  m u l t ip l e  po int  so u r ce s 
( un d e r  wh i c h  te r t i a r y  o i l  r e c ov e r y  wo uld  be ca teg o r i zed ) 
the r eg u l a t ion s t a te s  t h a t  for  a g r o up o f  propo s ed so u r ce s , 
wh i c h  do no t ind iv i d ua l l y mee t the s t a t e d  so u r c e  r equ i r e
men t s  ( e . g . ,  ind iv i d u a l  ter t i ary w e l l s  l oc a ted in a 
pr o d uc ing o i l  f i e l d ) the g r o up o f  so u r c e s  sho u ld be co l 
l ec t iv e l y  r ev iewed a s  a m a j or  so u r c e . 

I n  ar e a s  whe r e  cur r en t  o i l  f i e l d s  co i nc i d e  w i th  non
a t ta inment a r ea s ( see the s t a te maps in Appe nd i x  I ) ,  the a i r 
qu a l i ty r e g u l a to r y  r e s t r i c t i o n s  may inh i b i t  the f u t u r e  s i ze 
and s c o pe o f  oper a t ion for  t e r t i ary o il r ec o v e r y  f i e ld s . 

As ind ic a te d  on the ind iv id ua l s t a te maps o f  o i l  f i e l d s  
a n d  AQMA ' s ,  th e r e  a r e  a r e a s  i n  C a l i fo r n ia ,  T e x a s , Wyom ing , 
Lou i s i a n a  and O k l ahoma , whe r e  fu t u r e  te r t i a r y  o i l  f i e l d  
d e v e l o pment may b e  inh ib i ted i n  AQMA ' s . T h e s e  AQMA ' s  wo u l d  
be sub j ec t  e i th e r  to the pr e v io u s l y  men t i o n e d  no n a t ta inmen t 
m a j or  so u r c e  r eg u l a t ions  o r  the  U . S .  Env i r o nm e n tal  P r o t ec t ion 
Agency ' s  S ig n i f ic a n t  D e te r io r a t io n  Reg u l a t io n s  wh i c h  a r e  
c u r r en t l y  und er st udy f o r  app r ov a l  b y  the Cong r e ss o f  the 
u n i ted S t a te s . I n  o r d e r  fo r l a r g e  sca l e  te r t i a r y  r e c ov e r y  
me thods to o c c u r  i n  the se a r e a s , a s i te spec i f ic a i r q u a l i ty 
i mpac t study  wo u ld be needed . 

ll Feder a l  Reg i s t e r , Vol . 4 1 ,  No . 2 4 6 , D e c embe r  2 1 , 1 9 7 6  
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APPENDIX N 

PUBL IC COMMENTS AND DOE RESPONSES TO THE DRAFT 
ENVIRONMENTAL IMPACT STATEMENT ( DE I S ) FOR THE 
CUMULAT IVE PRODUCTION/CONSUMPT ION EFFECTS OF THE 
CRUDE OIL PRICE INCENTIVE RULEMAKINGS . 





INTRODUCTION 

No w r i t ten comm e n ts we r e  r e ce i v ed by DO E on t h e 
d r a f t  E I S  w i th i n  th e de s i g n a t e d  4 5- d a y  comm e n t  pe r i od . 
A n umber o f  l a te comm e n ts w e r e  r e ce ived and h ave bee n 
cons i d e r ed by DOE i n  the pr epa r a t ion  o f  th i s  f i n a l  E I S . 
C o p i e s  o f  the comme n t i ng l e t te r s  a r e  r ep r od u c ed at the 
e nd o f  th is  append ix . 

DO E s t a f f  have summ a r i z ed th e comm e n t s  r e c e ived and 
p r e s e n ted the DOE r e sponse in a b r i e f  comm e n t  r e sponse  
f o r m a t  ( g r o uped acco rd ing  t o  th e commen t ing o r g a n i z a t io n ) .  
T he name o f  the comm e n t ing o r g a n i z a t i on i s  g iv en w i th the 
commen t .  DOE r e spo n s e s  a r e  d i r e c ted to subs tan t i ve comments  
on the text  o f  the  d r a f t  E I S ; d i r e c t  r e spo n s e s  h ave no t been  
m ad e  to commen ts th a t  s impl y e x pr e s s  o p i n i o n s  on the  mer i ts 
o f  DO E po l i c ies  w i th r e sp e c t  to c r ude o i l p r ic ing . 

I n  mo s t  ins tan c e s , the commen t s  r e qu i r ed l i t t l e  o r  
n o  c h a nge i n  the t e x t  o f  the d r a f t  E I S . C e r ta in po r t io n s  
o f  th e E I S  we r e  upd a ted based o n  r e c e n t  even t s . C h a n g e s  
m ade to t h e  t e x t  o f  t h e  d r a f t  E I S  in  r e spo n se to pu b l ic 
comm e n t s  a r e  no ted in  th is  appe nd i x . 

Wr i t ten commen ts we r e  r e ce ived f r om the f o l low ing  
o r g an i z a t io n s : 

Depa r tme n t  o f  Comme r c e  
D e pa r tm e n t  o f  t h e  I n t e r i o r  
E nv i r onmen tal  P r o te c t io n  A g e n c y  

A l a s k a  
A r i z ona 
Co l o r ad o  
De l aw a r e  
I l l i no i s  
M i sso u r i  
N e w  J e r sey  

o t h e r  

New Mex ico  
*No r th C a r o l ina  
* P e n n s y l v a n i a  
*So u th D a k o ta 

T e x a s  
*Wyom ing 

Amo co P r od uc t i on  C ompany 
r.h e v r o n  U . S . A . , I nc .  

*5niy-pos1tTve commen ts on no n-d i s a pp r o v a l  r e sponse 

we r e  r e ce ived . 
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U .  s .  D e pa r tme n t  o f  Comme r c e  

Comm e n t  1 

I t  doe s  no t seem th a t  enough wo r k  h a s  be e n  done on 

e f fe c ts of  o f fsho r e  d i s po s a l  of  p r od u c ed water f r om o f f

sho r e  o i l  p l a t fo r ms  ( se e  pag e s  I V  2 5 - 3 4 ) .  De t a i l ed 

quan t i t a t ive d i spe r s i on a nd e f f e c t s  d a ta n e ed to be ta k e n  

i n  th e f i e ld and compa r ed w i th  bo th l a bo r a to r y  d a t a  and 

n ume r i c al mode l s ,  a nd these s t ud ies  n e ed to be d o ne a t  

e a c h  maj o r  o i l  f i e l d . The comp l e te s t ud i e s  wo u l d  p r o b ab l y  

c o s t  n o  mo r e  than $ 2- 3  m i l l ion  e ach . 

Re spo n s e  

Th i s  type o f  an a l ys i s  i s  expe c te d  t o  b e  cove r ed in 

d e t a i l  i n  E I S ' s  p r epa r ed by DO I on OCS l e a se s a l e s  and 

OCS d eve lopme n t  and pr o d u c t i o n  pl an s . I t  was no t deemed 

app r op r i a te for a p r og r amma t i c E I S  on c r ude o i l p r i c ing . 

U .  S .  Depa r tme n t  o f  t h e  I n te r i o r  

Comm e n t  1 

Reg a r d i ng o u r  f i r s t  conc e r n ,  o u r  e s t ima t e s  ind i c a t e  

that  the p r opo s ed r e g u l a t i o n s  c an ' t  b e  f i n a l i z ed be f o r e  

J a n u a r y , 19 7 8  at th e e a r l i e s t  wh i l e  th e enab l i ng s t a t u te 

e x p i r es i n  May 1 9 7 9 . S e co nd , even i f  the ag e ncy h a s  a 

r e spons i b i l i ty to cons i d e r  imp a c t s  wh i ch may r e su l t  f r om 
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i n te r im r e g u l a t ions , t he s t udy s ho u ld be a imed mo re  a t  

a compa r i so n  o f  th e fu t u r e env i r o nmen t w i th and w i th o u t  

t h e  p r opos a l , u nd e r  e a s i l y  j u s t i f i ab l e  a s s ump t i o n s  as  t o  

wh a t  th a t  fu t u r e env i r onQe n t  may be . 

Respo n s e  

We h a v e  co n s i de r ed a se r i e s  o f  po te n t i a l  a l te r n a t ive 

p r ic i ng s t r a teg i e s  in  o r d er to en comp a s s  the r ange o f  

env i r o nme n t a l  impa c t s  th a t  may r e s u l t  f r om the pr i c i ng 

r eg u l a t io n s . The i n t e r im r eg u l at io n s  and the s taged 

d eve l opmen t o f  r eg u l a t io n s  pu r s u a n t  to th e EPCA and the 

ECPA h ave a l l  been c o n s i d e r ed . 

Commen t  2 

D u e  to th e un c e r ta i n ty and l a c k  o f  h a r d knowledge  

pr ev i o u s l y  no ted , th i s  th r e ad w i l l  be so te n u o u s  as  to  

r ed u c e  the an a l ys i s  to  no t much  mo r e  th a n  an ac adem i c  

e x e r c i s e , d iv o r c ed f r om a n y  po t e n t i a l  r e a l i ty .  To r e i n

fo r c e  th i s  a r g umen t ,  i t  sho u ld be no ted th a t  the spe c i f i c s  

o f  v i r t u a l ly a l l  t h e  pa r ame te r s ,  for i n s tance the pr ice  

e l as t i c i ty o f  th e supp l y  and  demand fo r pe t r o l e um and 

p r od u c ts wh i ch m u s t  be i n c l u d ed in  the c a l c u l a t io n s  a r e  

s u b j e c t  to w i d e spr e ad d i sp u t e . 

Respo n s e  

The pr o d uc t i o n  impac t  an a l y s i s  has  been  a pa in s ta k i n g  

p r oc e ss and some o f  t he p r o j e c t i on s  m ay b e  s u bj e c t  t o  some 

c h a l l e ng e . Howev e r , in  v ie w  o f  th e pr ima r y  ob j e c t ive  o f  
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t h e  DE I S ,  wh i ch i s  to a s s e s s  the i n c r emen t a l  impa c t  o f  

pr i c i n g  r e g u l a t io n s  upo n  th e env i r o nmen t ,  an opt im i s t i c  

e s t ima te o f  i n c r emen t a l  p r od u c t ion h a s  b e e n  mad e . Th i s  

me thod , th e DOE f e e l s , sho u ld en compa s s  the po te n t i a l  

e x t r em i t ie s  o f  c r u d e  o i l p r oduc t ion i n c r e a se d ue to the 

a d d ed pr i c e  i n c e n t iv e s  pr ov i d e d  by th e proposed reg u l a t i o n s . 

Comm e n t  3 

S e c t i o n  I V .  D .  2 .  3 f a i l s  to men t io n  th a t  r e g u l a t i o n s  

gove r n i ng the o f f s h o r e  d i spo s a l  o f  p r od u c e d  w a t e r s  a r e  

a l so ad d r e s s e d  b y  U . S . G . S .  ' s  O C S  Ope r a t i n g  O r d e r # 7 . 

R e SJ2£.!!S e  

Te x t  o n  pag e  I V  - 9 2  h a s  be e n  co r r e c te d  to r e f l e c t  

above c ommen ts . 

Comme n t  4 

S e c t i o n  X i s  now o u tda ted in  pa r t  and w i l l  be comp l e t e l y  

o u td a t ed i f  pend i ng amendments  to t h e  OCS Lands  A c t  become 

l aw .  A r ev i s ed OCS p l ann i n g  sched u l e  wa s i s s u e d  in J u l y  

1 9 7 7  a nd t h e  vo id i ng o f  the B a l t imo r e  C anyon  S a le h a s  been  

r ev e r s e d . The fo u r th pa r ag r aph on pa g e  X- 1 9  s h o u l d  be  

reworded to  avo id t he g r a t u i to u s  i n f e r e n c e  to B LM ' s capa-

b i l i t ie s  wh i c h  i t  g iv e s  r i se to . Th i s  pa r ag r aph a l so 



con ta i n s  a fa c t u a l  e r r o r . An OCS  pr oposed  p l a n n ing sche d u l e  

d o e s  n o t  " r e f l e c t  a be s t- c a s e  a n a l ys i s , "  r a th e r  i t  i s  a 

r e a so ned a t tempt a t  a r e a l i s t i c sche d u l e , g iv e n  the pr e se n t  

a nd p r o j e c ted c i r c ums tance s .  

Respo n s e  

T h e  te x t  ha s be e n  co r r e c te d  to r e f l e c t  commen t .  

C omme n t  5 

N o wh e r e  in the DE I S  i s  th e po s s i b i l i ty o f  i n t e r f u e l  

s u b s t i t u t i on in  r e spon se to t h e  inc r e a sed pr i c e s  w i th the 

c o n c om i ta n t  env ir o nme n ta l  impa c ts add r e s se d . 

Respo n s e  

P r i c e  esc a l a t io n  und e r  th e pr opo se d  ac t i o n  i s  so 

g r ad u a l  t h a t  t he f u e l  s u b s t i t u t ion  r e spo n se a nd a s soc i a te d  

env i r o nm e n t a l  impa c t s  ar e con s id e r ed neg l i g ib l e  in  te r m s  

o f  i nc r em e n t a l  env i r o nm e n t a l  impac t .  

Comme n t  6 

I n  d i s c u s s ing th e po s s i b l e  impac t s  o f  po l l u t a n t s  

i n t r od u ced i n to g r o und wa ter  a s  a r e s u l t  o f  v a r i o u s  

tech n iqu e s  u s ed , i . e . , pag e s  I V -7 6 , I V- 1 0 4 , A- 1 3 , t h e  te x t  

sho u ld c o n s i d e r , in add i t i on to the s l ow pe r c o l a t ion , the 

u s ua l l y ex t r em e l y  s l ow r a t e s  o f  m i x ing , d i spe r s io n , and 

d i l u t i on . O th e r  po s s i b l e  impac ts of s ome e n h anced r e cove r y  
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p r o c ed u r es a r e  acc i d e n tal  h yd r a u l ic f r ac t u r i n g , o f  

c o n f i n e d  be d s  bypa s s i ng o i l  i n  p l a c e , and r a i s i n g  po r e  

pr e s s u re to t r i g g e r  l oc al s e i sm ic ac t iv i ty ;  we do n o t  

f i nd co n s ide r a t i on  o f  th e s e  i tems  in  th e s t a temen t .  

Respo n s e  

The te x t  on page I V  1 0 4 . 5 , and Tab l e  I V- 2 6 h a s  been  

upd a t ed and c o r r e c ted to  r e f l e c t  the  above c ommen t s . 

C a te g o r i c a l l y ,  the po ten t i a l  g r o und wa te r con tam i n a t io n  

in enh anced c r ude o i l r ec ov e r y  ope r a t io n s  m a y  b e  c a u s ed by 

e i th e r  th e in c r e a s e  of pr e s s u r e  in th e r e s e r vo i r  or th e 

i n t r u s i on o f  i n j ec t ion  m a t e r i a l s  o r  bo th . Many o f  the 

e n h a n c e d  o i l  re cove r y  p r o c e s s e s ,  espec i a l l y  th e s t e am dr ive  

and  i n- s i tu c omb u s t ion me th od s , w i l l  norm a l ly  r e s u l t  i n  

v e r y  h ig h  pr e s s u r e  in th e r e s e r v o i r  a s  we l l  a s  in  the wel l 

c a s i ng . Th i s  may c r e a te r up t u r e s  in  the c a s i ng , l e ad i n g  

t o  th e seepage o f  o i l  o r  i n j ec ted ma te r i a l  in to s u r r o und ing  

r e s e r vo i r s ; it  co u l d , i n  c e r ta in in s ta n c e s , fo r ce the o i l  

to l e a k  th r o u g h  th e impe r m e a b l e  o r  sem i -pe r m e a b l e  l a ye r s  o f  

r o c ks sepa r a t i ng the o i l r e s e r vo i r s  f r om acqu i f  i e r s .  The 

c h em i c a l  con tam in a t i o n  may oc c u r  th r o u g h  th e l e a k ag e  in the 

we l l  c a s ing , or  the s e e page f r om the b r i n e  d i spo s al we l l s ,  

o r  th e d i spe r s io n  due  to th e pr e s s u r e ,  tempe r a t u r e  o r  

chem i c al concen tr a t ion . 
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C omme n t  7 

The h i s to r y  o f  subs i d e n c e  in  C a l i fo r n i a as a r e s u l t 

o f  w i th d r awal o f  g r o u nd wa ter  a nd pe t r o l e um i s  men t ioned � 
howeve r ,  s u b s i d e n c e  d o e s  no t appe a r  to have be e n  add r e s s e d  

a s  an imp a c t  f o r  o th e r  a r e a s . ( S ee pag e s  J- 1 2 5 , 1 2 6 ) . 

Re spo n se 

T e x t  on  pag e J- 1 0 2  h a s  be e n  co r r e c ted to r e f l e c t  th e 

above c ommen t s . 

C omme n t  8 

P r e c i p i ta t io n  along  th e T e x a s- Lo u i s i an a  Gu l f  Coa s t  

r eg ion ave r ag e s  mo r e  than 5 0  i n c h e s  a ye a r  ( s ee page J - 8 9 ) .  

L a r g e  amo u n t s  o f  wa te r w i l l  be d umped on an ar e a , and the n  

d r o u g h t  cond i t ions w i l l d e v e l o p .  Th i s  poo r  d i s t r i b u t io n  

o f  r a i n f a l l may c a u s e  pr o b l ems  i n  o i l  f i e l d l e a s e  

ope r a t io n s .  A g r aph or  t a b l e  show i ng th i s  s e a s o n a l  r a in f a l l  

pa t �e r n  i s  sugg e s ted . 

Respo n s e  

Ave r ag e  an n u a l  pr e c i p i ta t io n  fo r T e x a s  a n d  Lou i s i an a  

h a s  b e en i l l u s t r a ted i n  F ig u r e s J - 3 4 and  J - 1 2 9 , r e spe c t iv e l y . 

Comme n t  9 

S e ve r a l  pa r t s o f  th e docume n t  ind i c a te th a t  r ec r e a t io n a l  

ac t i v i t i e s  co u ld b e  impac ted b y  a n  i n c r e a se in  pe t r o l e um 

p r o d u c t io n  r e s u l t i ng fr om th e pr opo sed  r u l e s .  We encou r ag e  
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the p r e s e r v a t i on o f  the se v a l u e s  as  i n c e n t ives  for  p r o-

a uc t io n  ar e impl emen ted , and suppo r t comp l e t i o n  and 

i s s u ance  of EPA r eg u l a t i o ns p r o h ib i t i ng b r i ne d i s ch a r g e s  

i n  ne a r - o f f sho r e  wa te r s . 

Respo n s e  

Th e above commen t  h a s  b e e n  no ted . 

C omme n t  1 0  

C e r ta in  soc io-eco nom i c  impa c t s  can  r e s u l t in l o c a l  

r ec r e a t ion a l  impac ts a s  w e l l .  S udden i n c r e a ses  i n  

po pu l a t i o n  r e s u l t ing f r om e x p l o r a to r y  ac t i v i t i e s  co u ld 

p u t  p r e s s u r e  on  l oc a l  r e c r e a t ion r e so u r c e s , p a r t ic u l a r l y  

wh e r e  s u ch i n c r e a s e s  take  p l a c e  i n  sm al l comm u n i t i e s . 

I nc r e a sed p r odu c t ion r e s u l t i ng f r om the proposed r u l e s  

w i l l  in c r e a s e  the po ten t i a l  fo r th i s  type o f  pr e s s u r e  and 

sho u ld be c o n s i de r ed in p l ann i ng for f u t u r e  p r od u c t i o n  

a c t i v i t i e s . 

Re spo n s e  

Te x t  o n  pag e VI I - 2 0  h a s  be e i: co r r e c ted to r e f l e c t  t h e  

abov e  c omme n t . 



E nv i r o nme n t a l  P r o t e c t i o n  Age ncy 

C o mme n t  1 

Amb ie n t  a i r  qu a l i ty impa c t s  r e s u l t i ng fr om spec i f i c 

p r ic i ng opt ions  a nd r e so u r ce r ec ov e r y  p r o c e s s e s  c an o n l y  

b e  ev a l u a ted i f  ba se l i n e  a i r  qu a l i ty d a ta at  th e p r o -

a u c t i on s i tes  i s  iden t i f i e d . To the e x te n t  th i s  f e a s i b l e , 

th e f i n a l  E I S  sho u ld ind i c a te th i s  i n f o r m a t i o n . 

R e spo n s e  

S uc h  an a l y s e s  we r e  deemed inapp r o p r i a te and i n f e a s i b l e  

f o r  a p r og r amma t i c E I S .  Howeve r ,  wo r s t- c a se a n a l y s e s  we r e  

i n c l ud e d . 

C omme n t  2 

Reg a r d ing  o i l  sp i l l  po t e n t i a l , EPA que s t i o n s  wh e the r 

a t r e nd in  i n c r e a s ed o i l sp i l l s  o r  w a t e r  q u a l i ty deg r ad a t i o n  

i n  g e n e r a l  due  t o  t h e  d i spo s a l  o f  p r o d u c e d  wate r can  b e  

iden t i f i ed a nd l in k ed t o  the c r ude o i l p r ice i n c e n t iv e  

r u l em a k i ng s .  O u r  on l y  r ec ommend a t i o n , the r e f o r e , i s  th a t  

the  D e pa r tme n t  o f  E n e r gy ac k nowl edge t h a t  the w a t e r  q u a l i ty 

impa c t  pr ed i c t i o n s  and e s t ima t e s  no ted in th e d r a f t  E I S 

a r e  s u b j e c t  to s ig n i f i c a n t  v a r i a t io n s . 
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Re seo n se 

Te x t  o n  page V I I - 3 3  has  been  c o r r e c ted t o  r e fl e c t  

abo ve c omme n t s . 

S t a t e  o f  N e w  Me x i co 

Commen t l 

I n  the r epo r t ' s  h a nd l i n g  o f  the l ar g e  a mo u n t s  o f  

w a te r  u s e d  by many o i l  r e cove r y  me thod s , mo r e  emph a s i s  

s h o u l d  b e  p l aced o n  the  c o nc e r n s  o f  i n c r e a s ed u se o f  

f r e shwa t e r  s uppl i e s , e spe c i al l y  i n  a r e a s  th a t  a r e  

pr e s e n t l y e x pe r i e n c i n g  d r o u g h t , s uch a s  C a l i f o r n i a . 

�h e que s t i o n  o f  how  add e d  o i l  pr od u c t i o n  w i l l o r  w i l l 

not  o f fse t the l o s s  o f  f r e shwat e r sho u l d  be a n swe r ed 

o n  a c a s e -by-ca s e  ba s i s . 

Re spo n s e  

DOE c o n c u r s  that  s uch l oc a l i z e d  impac t s  shou l d  be  

ana l y z e d  o n  a c a s e -by- c a s e  b a s i s . Th u s , in  the 

impl eme n t a t i o n  o f  t e r t i a r y  enhanced r e cove r y  pr ice  

i n c e n t i ve s , s u c h  l o c a l i z e d  impac t s  a n a l ys i s  w i l l b e  

r eq u i r ed o n  a p r o j e c t -by-pr o j e c t  b a s i s .  
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S ta te o f  T e x a s  P a r k s  and W i l d l i f e Depa r tme n t  

C o mme n t  1 

O n  pag e s  I V- 6 8- 7 0 , ind i c a t i o n  is g iv e n  th a t  con-

s t Y u c t i on of a p ipe l i ne w i l l l i k e l y  be n e ce s s a r y  if 

c a r bo n  d io x ide is  used . Impa c t s  ar e no t d i s c u s sed for 

the p ip e l i ne a l te r n a t ive . 

�����Se 

A r ev i e w  o f  s t a te o r  l o c a l  impac t s  w i l l be cond u c t ed � 

as  a pp r op r i a te ,  for  e ach app l i c a t i on for  the te r t i a r y  

e n h anced recove r y  pr i c e  ince n t i v e . 

C ommen t 2 

On page IV-7 4 ,  th e s e c o nd pa r ag r aph s t a te s  th a t  i f  

c h em i c a l s  e s c ape d u r i ng t h e  r ec ov e r y  p r oce s s , w a t e r  

qu a l i ty w i l l  be deg r aded . D u e  to th e l a c k  o f  s u r f a c e  

w a t e r  f o r  f i sh a nd w i l d l i fe ,  e spec i a l l y in  w a te r - s c a r c e  

a r e a s  o f  7 e x a s , w i l d l i fe spe c i e s  cong r eg a te n e a r  ava i l ab l e  

s u r f a ce w a te r . The d e g r ad a t ion o f  s u r f ac e  wa ter  q u a l i ty 

m ay be s i gn i f i c an t . No men t i on of th e s e  po te n t i a l  impa c t s  

o n  f i sh and w i l d l i fe i s  m ad e . 



R e s po n s e  

Though t h e  r i s k  f o r  s uch c h em i c a l  e s c a pe e x i s t s , 

t h e  e x pe c te d  i n c r emen t a l  impa c t  i s  m i n i ma l . The 

n e g a t ive e f fec ts  on f i sh a nd w i l d l i f e in We s t  T e x a s  

h a v e  bee n r e c o g n i z e d . Th e y  w i l l b e  add r e s se d  i n  g r e a te r 

d e t a i l  d u r i n g  the  pr o j e c t -by-pr o j e c t  r e v i e w  p r i o r  t o  

appl i c a t i o n  o f  t h e  t e r t i a r y  e n h a nc e d  r e cove r y pr i c e  

i n c e n t i ve s . 

Comme n t  3 

On pag e s  I V- 8 5- 8 7 , t he d i sc u s s i o n  r e l a t e d  t o  the  

u s e  o f  " t r e a te d  wa te r s for  wa te r f l ood " ma k e s  n o  men t i o n  

o f  t he impa c t  o n  f i sh a nd w i l d l i f e a s  r e l a t e d  t o  the 

po te n t i a l  u s e  o f  2 5  b a r r e l s o f  w a t e r pe r b a r r e ]  o f  o i J  

r e cove r ed . Po t e n t i a l  impac t s  o n  f i sh a nd w i l d l i fe a ppe a r  

t o  b e  s ig n i f i c a n t , e spec i a l l y  i n  w a te r - s c a r c e  a r e a s  such  

a s  west  Te x a s . Re g i o n a l  o r  l o c a l  w i thd r awal  a r e a s  s h ou l d  

b e  d e l i n e a t e d  a n d  a ppr opr i a t e  i mpac t s  d i s c u s s ed . 

S u bse c t i o n  2 . 4  s t a t e s  that  " p r od uced  w a t e r  p r e s e n t  

a po ten t i a l  e nv i r onme n t a l t h r e a t  a n d  c a n  pr eve n t  the 

bene f i c i a l  u se of  these s uppl i e s . "  N o  me n t i o n  i s  m ade 

r eg a r d i n g the po t e n t i a l  impac t s  on f i s h  and w i l d l i f e . 

I n  c h a p t e r  VI I I ,  c o n s ump t ive  u s e  i s  n o t d i s c u s sed 

in r e l a t i o n  to wa t e r  r eq u i r e d  by f i s h a n d  w i l d l i f e . 
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Th e cove r ag e  o f  i mpac t s  i n  se c t i o n  I X  co u l d be  

impr oved if  e xampl e s  of  spec i f i c u n ique , or  f r ag i l e  a r e a s  

i n  e a c h  r eg i o n  we r e  c i t e d  i n  a d i s c u s s i o n  o f  t h e  quan t i 

t a t ive c h a ng e s  t o  pl a n t  a nd a n ima l l i fe . 

C h ap t e r  IX doe s n o t  me n t i o n  i r r e vocabl e c omm i tme n t s  

o f  r e so u r c e s  a s  t he y  may a f fe c t  f i sh a n d  w i l d l i fe . 

Chapter  X I I s t a t e d  t h a t wa t e r  demand s f o r  o i l  

r e cov e r y  i n  a r id a r e a s  ( we s t  T e x a s ) pose  c r i t i c a l  pr ob l ems 

t o  f i s h  and w i l d l i f e  r e s o u r ce s . Meanwh i l e , the  d i s r up t i o n  

o f  t h e  l and w i l l o c c u r  a s  l o ng a s  a g i ven we l l  i s  p r o 

d u c t ive , w i t h  ave r ag e d u r a t i o n  t o  be 2 0  to 3 0  y e ar s .  The r e  

may b e  a s i g n i f i c a n t  i mpac t o n  t h e  m i c r oh aq i t a t  i n  t h e  

v i c i n i t y o f  t h e  p r o j e c t . 

I t  h a s  a l so been  i nd i c a ted  t h a t  " d r ama t i c r ed uc t i o n s  

i n  b i o t a  ma y b e  c a u sed " a n d  t h a t t h e  " r e s o u r c e  sho u l d  

r e g e ne r a t e  ove r  the l ong t e r m . " Any l o s s  i s  i r r e vocabl e .  

Re cove r y  pe r iod s me r e l y br i n g  pr od u c t i v e  po t e n t i a l s c l o se 

t o  o r i g i n a l  p r o d uc t iv i ty a s  c an be  d o ne . Th i s  i s  d e pe nd e n t 

upo n the  d e g r e e  o f  r e d uc t ion ; t h e  d i s c u s s i o n  shou l d  ind i c a t e  

t h e  p r o b l em t h a t wo u l d  o c c u r  when  a " d r ama t i c r ed uc t ion  o f  

t h e  b i o t a " occ u r s .  
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Re .§.E£.!2.§.� 

I t  i s  impo s s i b l e  to de ta i l  th e impa c t s  r a i sed in 

the comme nt  b e c a u se they w i l l  v a r y g r e a t l y  f r om a r e a 

to ar e a . S u ch impa c t s  wi l l  be add r e s sed on a s i te-

spec i f ic bas is  in the  c o n t e x t  o f  the t e r t i a r y  e n h a n c ed 

r e cov e r y  pr ice  in cen t i v e  imp l emen t a t i o n . 

Comme n t  4 

On  pag e D- 7 , pa r a g r aph 2 s t a t e s  th a t  in ten t i o n a l  

d i s ch a r g e s  a r e  n o t  c o n s i d e r ed i n  Ta b l e  D-3 . A l so , on  

pag e D- 1 0  pa r a g r aph 3 s t a t e s  th a t  o i l  sp i l l s  ar e mo r e  

impo r t a n t  than in te n t i o n a l  d i s c h a r g e s , even though 

d i sc h a r g e s  invo l v e  much g r e a t e r  vo l umes be c a u s e  o i l  

sp i l l s  w i l l  mo r e  l i k e l y  r e ach co a s t a l  zones . S i n c e  

d i s ch a r g e s compr i s e  a much g r e a te r  vo l u me , a n d  the y a r e  

r e spon s i b l e  f o r  r e s id u a l  impac ts th r o ugh s e t t l ing to b e  

u l t im a te l y  made ava i l a b l e  a t  a l a te r  t ime b y  wave and 

s to r m ac t ion , these v o l umes of d i sc h a r g e  and s u bsequ e n t  

impa c t s  sho u l d b e  ad d r e s s ed . 

I n  mo s t  ca se s , in te n t  i o n  a l  d i scha r g es and ace iden  t ia  l 

s p i l l s  can  h a r d l y be d i f f e r e n t ia ted a nd a l l  a r e  ha nd l ed a s  

acc iden t i a l  sp i l l s .  I n  fac t ,  i n te n t io n a l  d i scha r g e s  a r e  

u n l a w f u l  ac ts . E P A  and depa r tme n t  o f  wa ter  r e sou r c e s , S ta te 

o f  T e x a s  a r e  a u tho r i z ed to e n f o r c e pr o te c t ion wa t e r  qu a l i ty . 
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Comme n t  5 

On page  D - 1 3 ,  s ub s e c t i on 3 . 2  ind i c a t e s  t h a t  f i sh 

c a n  m i g r a t e  o u t o f  a n  o i l  sp i l l z on e . Qu i t e  o f ten , 

f i s h  a r e  n o t  a b l e to move i f  the o i l  s p i l l  o c c u r s i n  

a c o n f i n e d  a r e a  o r  r e ache s we t l an d s  v i a  wa t e r  e x chang e  

pa s s e s . Impac t s  t o  the f ood c h a i n  w i l l a l s o a f fe c t  

f i sh . O r g a n i sm s  i n  t h e  food cha i n  wh i c h  a r e l o s t  a s  a 

r e s u l t o f  an  o i l s p i l l may n o t  r ep l e n i s h  t he i r  n umbe r s 

a s  r ap id l y a s  n e ce s s a r y to s uppo r t t h e  popu l a t i o n  i t  

s uppo r ted pr i o r  to  the o i l s p i l l . The s t a teme n t  t h a t  

f i s h  s u r f a c e s a r e  " c o a t e d  w i t h a s l imy  muc u s  th a t  

pa r t i a l l y  r epe l s  o i l and t h e r e b y  p r o t e c t s  them '' i n f e r s  

compl e t e pr o t e c t i o n . Th e s ta temen t sho u l d  b e  amended 

to  i nd i c a t e  t empo r a r y ,  par t i a l  pr o t e c t i on d epend i n g  

upon t h e  l e ng t h  o f  a t i m e  e x po s u r e to o i l  sp i l l s .  

R�s pon s e  

Te x t  o n  D-1 3 h a s  been c o r r ec ted t o  r e f l e c t  a bove 

commen t s . 
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Comm e n t  6 

On pa g e  D- 2 0 ,  pa r ag r aph 4 s t a t e s  th a t  � wh i l e  

the e c o l o gy o f  th e S a r g u s s orn commun i ty i s  poo r l y 

known , th e commu n i ty is  h i g h l y  spec i a l i z ed and is  

th e r e f o r e  l i k e l y to be l e s s  v u l n e r a b l e  to the type o f  

s t r e s s  r e p r e se n ted by a maj o r  o i l  sp i l l . "  The  oppo s i te 

i s  a c t u a l l y the fac t .  

Re SE£n S �  

T e x t  o n  pag e D- 2 0  h a s  been  co r r e c ted t o  r e f l e c t  

above comme n ts . 
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C omme n t  1 

I t  i s  r e commended th a t  enhanced  r e c over y ope r a t io n s  

s h o u ld whenever  po s s i b l e  avo id the use o f  f r e sh wa te r . 

Re spo n s e  

The nee j fo r f r e sh wa t e r  i s  depend en t upon  the me th o d s  

o f  e n h a n c ed r e covery  ope r a t io n .  N o rma l l y ,  t h e  to tal c o s t s , 

the  qu a l i ty requ i r emen ts and the e f fe c t s  on bo th ope r a t io n a l  

e f f i c i e ncy and e q u i pm e n t  m a i n te n a nce a r e  t h e  m a j or  fac to r s  

wh i c h  de term ine  th e se l ec t i o n  o f  th e wa t e r  so u r c e  amo n g  

a l te r n a t i ve s , i f  a n y .  I n  mo s t  e n h a n c ed r e covery  o pe r a t i o n s , 

the c o n s umpt ive u s e  of  fr e sh wa t e r  is  au tom a t i c a l l y  

m i n im i z ed d ue to the co s ts con s i d e r a t io n s . 

Amo co P r o d u c t i o n  Compa ny 

C omm e n t  1 

Amo co ass umed th a t  th e key a s s ump t io n s  inc l uded 

i n  the p r od u c t ion impa c t  a n a l ys i s  a r e : 

1 .  Th a t  pr i c e  con tr o l s  w i l l  e x p i r e  in  June , 1 9 7 9 .  

2 .  Th a t  any changes  in p r i c e  con t r o l s  a t  th i s  t ime 

( today ) wo u ld no t s i g n i f i c a n t l y  e f f e c t  1 9 7 9  

p r od u c t i on bec a u se o f  l e ad t ime n e c e s s a r y  for  the 

e x p l o r a t i o n  de c i s i o n s  to re spond to h i gh e r  or  

lower  pr i c e s .  
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3 .  T r u e e f fe c t s  of  S tag e I I  and I I I  p r i c ing  al te r n a t i v e s  

c annot  b e  ev a l u a ted d ue t o  f u t u r e  p r ic i ng u n c e r ta i n ty . 

4 .  Th e FEA w i l l  ad opt  a pr i c ing  po l ic y  to inc r e ase  th e 

compo s i te p r i ce by 1 0  p e r  c e n t  p e r  ye a r . 

5 .  W i th no pr i c e  con t r o l s  a f t e r  June , 1 9 7 9 , p r o d uc t ion  

w i l l equ a l i z e  for  a l l  p r i c i ng cases  by  1 9 8 5 . 

Res_Eo nse  

The a s s umpt i o n s  1 and  4 are  indeed th e a s s ump t i on s  in  

the D E I S  ana l ys i s . A s s ump t ions  2 a nd 5 w e r e  second a r y  

a s s ump t i o n s  de r ived f r om prod u c t i o n  an a l ys i s . Ass umpt ion 3 

i s  n o t  co r r e c t . Tho ugh the u nce r t a i n t i e s  a r e  �x i s t i ng , we  

eva l u a ted mu l t i p l e  pr i c i n g  scen a r i o s  based on  o u r  be s t  

e s t ima tes a t  the t ime the DE IS  was pr epa r ed . 

Comme n t  2 

W i th o u t  pr ice  co n t r o l s  as  o f  F e b r ua r y ,  1 9 7 6 , the 

p r od u c t i on p r ed ic t ion for the t o t a l  decon t r o l  c a se wo u ld 

be h ig h e r th an ind i c a ted by th i s  s t udy . The c u r r e n t  pr i c e  

r eg u l a t i o ns u n d e r  th e EPCA h ave i n c l uded p r ice  f r ee z e s , 

r o l l b a c k s , and pr i c e  inc r e a s e s  lowe r th an an t i c ipated  

by  the  i nd u s tr y ; r e s u l t i ng in  a g r e a t  d e al o f  unc e r ta i n ty 

abo u t  c r u de o i l  pr i c e s . W i th to t a l  decon t r o l  in F e b r ua r y ,  

1 9 7 6 , th i s  unc e r ta i n ty o f  gove r nme n t  a c t ion wo u ld have 

been e l im i n a ted and r e s u l ted in e x p l o r a t i o n  and r e s u l t i ng 

p r od u c i ng r a tes  s i g n i f ic a n t l y above t h o se w i th c o n tr o l s . 

N- 1 8  



Re s��se 

The pr i c e  con t r o l  was  imp leme n ted pu r s u a n t  to th e EPCA 

and ECPA.  Th i s  comment i s  beyo nd the s co pe o f  the DE I S . 

Comme n t  3 

The pr o j ec t i o n s  used  in  the te r t i a r y  p r od u c t i o n  fo r e-

c a s t  a r e  b a s ed on the Lew in and Assoc i a tes , I n c . r epo r t 

en t i t l ed " The  Poten t i a l  and Eco nom ic s o f  Enhanced O i l  

Re cove r y . " Amo co b e l ieves  the Lew in s t udy con ta i n s  

unwa r r a n ted op t im i sm w i th r e g a r d  to fu tu r e  p r od u c ing 

r a tes for te r t i a r y  o i l .  Lew in a s s umes that �.!..! p r o j ec t s 

w i l l  be in i t i a ted  i f  they mee t a ce r ta i n m in imum r a te o f  

r e t u r n  l im i t .  Th i s  imp l i es t h a t  cap i tal  w i l l be av a i l ab l e  

t o  pu r s ue al l compe t i t ive conven t i o n a l  f i nd ing and 

d e v e l opment  oppo r t u n i t i e s  as w e l l  as a l l  EOR o ppo r t u n i t ies . 

I n  v i ew o f  th e r e c e n t l y  i s s µed r e g u l a t i o n s  on c r ude  o i l  

p r i c ing and the p r oposed te r t i ar y  i n c e n t i v e s , the i nd u s try 

f i nd s i t s e l f  in a r eg u l a to r y  and cap i t a l  sh o r tage  c l imate in  

wh i ch t he pr o j e c t ion o f  t im i ng o f  EOR r e s e r v e  add i t io n s  and 

p r od u c t i o n  is su b j e c t  to s u b s t a n t i a l  u n c e r ta i n ty . 

Respo n s e  

Lew i n ' s  pr o j ec t io n  on te r t i a r y  enhan ced o i l  pr o d u c t i o n  

m a y  b e  h ig h e r  th an ind u s tr y ' s  f i g u r e .  Howeve r ,  that  was  t h e  

b e s t  es t i m a te ava i l ab l e . I n  te r m s  o f  env i r o nmen t a l  impac t 

a n a l ys i s ,  an op t im i s t ic p r o j e c t ion p r ov i d e s  a s a fe t y  m a r g in  

i n  th e inc r emen t a l  impa c t s  eva l u a t i o n . 
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C h ev r on U . S . A . , I n c .  

C omme n t  1 - Chapter  I V  

G r o u n d  wa te r may be con t am i n a t e d  by l e a k s  ( th r o ug h  

c r a c ks in t h e  c a s i n g ) f r om a n  i n j e c t ion we l l  t r e a ted w i th 

i n h i b i to r s ,  b a c te r i c i de s , e t c . Was tewa t e r  d i s po s a l  by 

in j e c t i on p r e s e n ts a s im i l ar h a z a r d .  W a s t e w a t e r  f r om 

o f f sh o r e  pla t fo rms  g e n e r a l l y  is s imply tr e a te d  and d umped 

i n to the o c ean . Pump i ng eng i n e s  a nd comp r e s s ion eng i n e s  

em i t  po l l u t a n t s . T r an spo r ta t i o n  a n d  s to r a g e  o f  o i l  e n t a i l  

r i s k  o f  o i l s p i l l s . T h e r e  wo u ld be po ten t i a l  impac t ,  i f  

to x i c chem i c a l s ( u s e d  i n  ope r a t io n s ) l e a k .  T r ac e  me t a l s  

and hyd r oc a r bo n s  in  o i l f i e ld b r i n e s  a r e  c a u se f o r  conc e r n ,  

wh e n  d i s c h a r g ed in to co a s t a l  wa te r s .  E x c e s s i ve sa l in i ty 

i s  a p r o b l em , if  i n j e c ted i n to e n c l o sed wa t e r ways . 

Re�o n s e  

T h e  above commen t s  a r e  add r e s s ing  the impa c t s  upon 

g r o u nd w a t e r  a r o u nd the EOR p r o d u c t ion a r e a , I t  shou ld be  

c o n s id e r ed as  l o c a l i z ed p r o j ec t- by-p r o j ec t  ba s i s  as  the 

e n h a nc ed o i l r e cov e r y  i n c e n t ive is imp l em e n te d . 

Comme n t  2 - Chapter  IV  

I n  pr e d i c t i ng em i s s i o n  r a te s , no r e c og n i t io n  i s  g iven 

in  the r e po r t  to  e f f o r t s  ( bo th mand a to r y  and v o l u n ta r y )  

towa r d  r e d u c i ng em i s s i o n s . Th u s , the vo l ume o f  po l l u t a n t s  

may b e  ove r s ta te d .  Howeve r ,  t h e  e s t ima tes o f  g r o s s  v o l um e s  

o f  po l l u t a n t s  appe a r  r e a s o n a bl e . 
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Re spo n s e  

G iv e n  t h e  a i r  po l l u t i o n  c o n t r o l  mand a t e s  no r ma l ly  

impo s ed by  s ta te and fed e r a l  a g e n c i e s , the e s t im a t e s  

o f  th e g r o s s  vo l umes o f  po l l u t a n t s  g e n e r a ted i n  the 

em i s s i o ns c an be l ower than w h a t  has be en e s t ima ted . 

H oweve r ,  al l th e se e s t imat i o n s  ar e in tended as a ba s i s 

for the wo r s t c a se a n a l ys i s .  S ome o f  the em i s s ion  

c o n t r o l  po l i c i e s  and s t a nd a r d s  fo r enh a n c ed o i l  p r o d u c t io n  

a r e  y e t  to be e s tabl i shed by E P A  and l o c al e nv i r o nme n t a l  

c o n t r o l  ag e n c i e s . 

C omme n t  3 

I t  i s  u n r e a l i s t i c th a t  in a r e a s  wh e r e  ava i l a b l e  f r e sh 

w a t e r  is  l im i ted cyc l ic s te am i ng shou ld be c o nd u c ted in the 

r a iny s e a son , so no t to compe te for  wa t e r  in d r y  pe r i od s .  

Re spo n s e  

T h e  or ig i n a l  wo r d ing in  DE I S  i s  d i f fe r e n t  f r om th a t  

i n c l u d ed i n  the c omment a nd i t  o n l y  s u gg e s t s  th at i t  may 

be  a po s s i b i l i ty .  Th e te x t  on pag e  I V- 5 2  h a s  been mod i f i ed 

f u r th er to r e s po nd th i s  comme n t .  

f?mme n t  4 - C h apt e r  V I I 

F r e sh wa t e r  c o n s ump t i o n  f i g u r e s  fo r s t e am gen e r a t i o n  

may b e  too h igh . 
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Respo n s e  

The  fr e sh wate r con s ump t i o n  f i g u r e  i s  b a s e d  o n  r e c o r ded  

av e r age v a l ue . I t  may be h i g h e r  than what  Chev r on h a s  

e x pe r i e nced s i nce  Chev r on has  app l ied  a n e w  me thod to tr e a t  

the o i l f i e ld p r od u c ed w a te r . 

Comme n t  5 - Append i x_ A 

The  s t a temen t in pa g e  A - 4  " pr od uced w a te r concen t r a t io n s  

o f  t r a ce m e t a l s  and o i l hyd r o c a r bons  a r e  capable  o f  induc ing 

a w i d e  r a nge o f  to x i c e f fe c t s on o r g an i s ms e x po s ed to th em " 

i s  t r u e i f  no d i l u t i on o f  the p r od u c ed w a te r s  o c c u r s .  

The d i l u t i on e f fe c t s  have be en r e cogn i z ed and a r e  

d e s c r i b ed f o r  spec i f ic concen t r a t ions o f  h e avy me t a l s  and 

hyd r o c a r bons . 

C omme n t  6 

D i r e c t  in te r pr e t a t i on f r om labo r a to r y  cond i t io n s  

to f i e ld cond i t ions sho u ld not b e  m a d e  or i n f e r r e d , w i th 

r e g a r d  to l abo r ato r y  wo r k  whe r e  th e concen tr a t i on i s  

m a i n t a i n ed at  a cons tant l e v e l  f o r  4 8  ho u r s . ( S ee page A- 8 ) . 

The or i g i n a l  de s c r ipt ion  me r e l y  c i t ed th e r e po r ted 

i n f o rm a t ion . No i n f e r ence or  e x t r apo l a t ion has been made . 
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C omme n t  7 

D i l u t ion as  i t  o c c u r s  und e r  r e a l  wo r ld cond i t i o n s  i s  

n o t  t a k en i n  to acco u n t . ( S ee pag e A-9 ) 

Respo n s e  

A s  th e e f f e c t  i s  d e s c r ibed  in  te rms  o f  th e con-

c e n tr a t ion of  po l l u ta n t , the d i l u t ion e f f e c t s  wo u ld have 

been i n c l uded in  th e an a l ys i s . 

C omme n t  8 

The  d i s c u s s i o n  pe r t a i n ing  to s u b l e th a l  e f f e c t s  conc e r n s  

o b s e r v a t i o n s  made in  the l abo r a to r y  ( s ee pag e s  A- 1 0 , A - 1 1 ,  

a nd A- 1 2 ) .  The se e f f e c t s  a l tho ugh loo k ed fo r in f i e l d wo r k  

h ave  n o t  b e en f o u nd in o th e r  p r o j e c t s . 

Respo n s e  

Th i s  comme n t  i s  no ted . 

C omme n t  9 

S e n te n c e  on  pag e  A-1 0 sh o u l d  r e ad " Among the impo r tan t 

po te n t i a l ly s u b l e thal  e f f e c t s  . . .  " 

Respo n s� 

The above comm e n t s  have  be e n  changed  acc o r d i ng l y .  
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Comme n t  1 0  

The  e conom i c  e f f e c t  i s  a v i a b l e c o n s id e r a t i on i f  t h e  

d i sc h a r g e  i s  mad e f r o m p l a t f o r m s  ne a r  sh o r e  ( s e e  pag e  A- 1 0 ) . 

Howeve r ,  a s  e xpe r i e n c e d  i n  p l a t f o r m  ope r a t i o n s  i n  t h e  Gu l f  

o f  Me x i c o  a n d  e l sewhe r e , the r e e v i d e n t l y h a s  n o t  be e n  th i s  

e f f e c t  i n  the r ea l  wo r l d . 

Re spo n s e 

Th i s  c omme n t i s  n o ted . 

Comme n t  1 1  

Re fe r e n c e  s hou l d  be c ompl e t ed a s  to whe r e  H a r r i s on ' s  

" C r ud e  o i l  sp i l l s "  i s  publ i sh e d  o r  ava i l a bl e .  

Re spo n s e  

Re f e r e n c e  h a s b e e n  c ompl e t e l y  l i s t e d  o n  p a g e  A-8 . 

Comm e n t  1 2  - Append i x  C 

The  s e cond s e r i e s  o f  tabl e s  shows f o r  the U . S .  t o t a l  

the  amo u n t o f  pol l u tan t s  r e l a t e d  t o  p r od u c t i o n  fo r the  same 

p r od u c t i o n  r a t e s  a s  i n  t h e  f i r s t  s e r i e s  wh ich p r o j e c t s  the 

amo u n t o f  po l l u tan t s  t o  be  e xpected  a s  a r e s u l t o f  var i o u s  

r a te s o f  p r od u c t ion  f o r  e ach o f  t h e  1 4  suppl y r eg i o n s  by 

the U . S .  I n  t h e  second  s e r i e s , the  em i s s i o n  f a c t o r  fo r 

o x i d e s  o f  n i t r og e n  u s ed f o r  the  s te am i n j e c t i o n  a ppe a r s 

e x c e s s i ve l y  h i g h  compa r ing  w i t h C h e v r o n ' s  D a t a . 
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ReS.29_��� 

The �r e j e c t ion  wa s based  on the Re s i d u a l  C o e f f i c i e n t s  

pu bl i sh ed in t h e  E P A  r epo r t  " E nv i r o nmen tal  Re s id u a l s 

Co e f f i c i e n t s  fo r th e P r o j e c t  I ndepende a n ce E v a l u a t io n  

S y s tem"  ( J u l y ,  1 9 7 6 ) .  

C omme n t  ll_:_�pend i x  D 

P ag e  D- 1 ,  bo t tom two l i n e s  sh o u l d  r e ad : " the bo i l ing  

po i nt o f  pa r a f f i ns i n c r e a s e s  a n d  . . .  " 

Re spo n s e  

T h e  te x t  on pag e D- 1 has  been  co r r e c ted acco r d ing l y .  

C omme n t  1 4  

P a g e  D - 3 , pa r ag r aph , m i dd l e  o f  pa g e .  D i s c u s s i o n  i s  p r e 

s en t ed s ta t i ng th a t  a r oma t i c s  a r e  r e l a t iv e l y  s o l u b l e  a n d  a r e  

a l so amo ng th e mo s t  to x i c compo u nd s found i n  c r ude o i l . The r e

f o r e , they a r e  e s �ec i a l l y wo r r i some a s  env i r onmen tal  th r e a ts . 

Howeve r ,  i t  sh o u l d  be no ted al so th a t  the s e  same 

s ing l e- r i ng a r oma t i c s  a r e  vo l a t i l e .  B e c a u se o f  the i r  

vo l a t i l i ty ,  th e i r  pr e se n c e  in  th e wa t e r  co l umn i s  br i e f . 

Th is  i s  shown by the wo r k  conduc ted by the JBF C o r po r a t i o n  

o n  a n  expe r imen t a l  o i l  sp i l l  o f f  t h e  Coa s t  o f  N ew Eng l and . 

I n  t h e i r  r e po r t  " Phys i c a l  and  Chem i c a l  Behav i o r  of  C r ude 

O i l  S l i c k s  on the O c e a n , "  a copy of wh ich  i s  a t tached , they 

fo u nd no t r a c e s  o f  be n z e ne in  the w a t e r  col umn a f te r  1 5- 2 0  

m in u t e s  no r i n  th e o i l  s l i c k  i t se l f  a f t e r  5 - 6  h o u r s .  
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Re s po n s e  

B e c a u s e  of  i t s  h i gh so l u b i l i ty in wa te r , th e 

a r oma t i cs in wa te r vol ume w i l l not  be so vo l a t i le a s  

i t s e l f .  I n  th e JBF Co r po r a t i o n ' s  Repo r t ,  " Phys i c a l  and 

C hem i c a l  B e hav i or of C r ud e  O i l  S l i c k s  on the Ocean , "  

p r o v i d ed by th e Chevr on , I n c . , the r e  i s  no t any d a ta 

i nd i c a t ing " no t r a c e s  o f  ben z e ne in  the w a t e r  c o l umn 

a f te r  1 5 - 2 0  m in u t e s  no r in th e o i l  s l i c k  i t se l f  a f t e r  

5 - 6  ho u r s . "  

Comme n t  1 5  

P ag e  D - 3 , s i x th l i ne f r om bo tt om of  page sh o u ld 

r e ad " the b e n z e ne r i ng . " 

Re sponse  

The typo on page D - 3  h a s  be en  co r r e c t e d  acco r d ing l y . 

C omme n t s  1 6  

W i th r e g a rd  to the S e c t i o n , " E x te n t , Loc a t i o n  and 

F r eque ncy of M a r ine  O i l S p i l l age , "  it sh o u l d  be no ted th a t  

the impa c t  o f  o i l  i n to o c e a n s  f r om na tu r a l  o i l  seeps  and 

f r om a tmo sphe r ic f a l l o u t  may some t imes  be m o r e  th an th a t  

f r om o f f s h o r e  o i l  p l a t fo r m ac c i d e n t s . 
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Re spo n s� 

The na tu r a l  seepage and a tmo sph e r ic fal l o u t  co n s t i tu te 

a c o n t i n u o u s , low- d o s age and w i d e l y  d i sper sed p r o c e s s th a t  

w i l l  pr ov ide th e ba c kg r o und concen t r a t ion  in th e mar ine 

env i r o nme n t .  Howeve r ,  the o i l s p i l l age acc i d e n t  n o r m a l l y  

d i sc h a r g e s  a l a r g e  do se of  o i l  i n to a l im i ted a r e a  wh ich  i s  

i n  add i t i on t o  t h e  bac k g r o u nd conc e n t r a t ion f r om n a t u r a l  

p r o c e ss e s . 

C omme n t  1 7  

Page  D- 1 5 ,  l a s t  two l i n e s  o f  f i r s t  pa r ag r aph r e ad s :  

" . . .  p a r t ic u l a r d a n g e r  d ue to the ir  pos i t ion in the sea  

bed , wh e r e  o i l  even tua l l y  se t t l e s . "  It  is  no t a x ioma t i c 

that  o i l s i n ks to the b o t tom . On the c o n t r a r y ,  s i nce o i l 

i s  l i g h te r  th an  wa te r , in mo s t  c a s e s  i t  w i l l  f l o a t  and if  

not  ev apo r a t ed or b i o d e g r aded , w i ll  s t r a nd asho r e .  O n l y  i f  

s i l t  and sed imen t ar e su spended in the wa t e r  co l umn w i l l  

the o i l s e t t l e , to the b o t tom.  Th is  po int  i s  s u ppo r ted by 

the la s t · pa r ag r aph on pag e D-2 1 ,  espe c i a l l y the f i r s t  

s e n tence , wh ich s ta t es " O il  s i n k s  n a t u r a l l y to the bo t tom 

by ad h e r ing to c l ay m i ne r a l s , pa r t i c l e s  coa ted w i th o r g an i c  

m a t e r i a l and o th e r  par t i c l e s  wh i ch o c c l ude t h e  s l i c k . " 
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Respo n �� 

C r ud e  o i l i s  n o r m a l l y  l i g h t e r  t h an w a t e r  b u t  n o t  

r e s id u a l fu e l  o i l . Mo r e ove r , o i l  w i l l " e ven t u a l l y " s e t t l e  

t o  t h e  b o t tom  s i nce  t h e  c h a n c e  t h a t  o i l may a d he r e  t o  c l ay 

m i n e r a l  par t i c l e s  o r  any s u s pend ed s o l i d s , g i v e n  enough  

t i me , is  very  h igh . 

Comme n t  1 8  

D E I S  s t a t e s  t h a t  whe r e  j u ven i l e s a l mon a nd s triped 

b a s s  a r e  e x po s e d  t o  be n ze n e  in the l a bo r a t or y , they showed 

an  i n c r e ased r e sp i r a t o r y  r a te a f te r  an e x po s u r e  o f  5-1 0 ppm 

for  2 4  to 4 8  h o u r s .  S u c h  l a bo r a to r y  wor k i s  i r r e l e van t i f  

b e n z e n e , b e c a u s e  o f  i t s  h ig h  vol a t i l i ty ,  i s  n o  l o ng e r  i n  

the  wa t e r  col umn a f t e r  1 5 - 2 0  m i n u t e s  f o l l o w i n g  a n  o i l  s p i l l .  

Respo n s e  

Th e D E I S  h a s  spec i f i c a l l y  q u a l i f i e d  t h e  above o bse r 

v a t i o n  tha t t h e  phenome n a  w a s  o b s e r ved i n  the  l a bor a to r y .  

H i gh  vo l a t i l i t y  o f  b e n z e n e  d o e s  n o t  me an t h a t  i t  w i l l  b e  

evapo r a t e d  w i th i n  1 5 - 2 0  m i n u te s , s i n c e  i t  a l s o  h a s  a fa i r l y  

h i g h  s o l u b i l i t y i n  w a t e r . 

Comme n t  1 9  

Page  D - 2 1 , f i r s t  s e n t e n c e  o f  l a s t  pa r ag r aph s h o u l d  

r e ad  " O i l  s i n k s  n a t u r a l l y  t o  t h e  oo t t o m  by adhe r ing  t o  

c l a y m i ne r a l p ar t i c l e s . "  

Re spo n s e  

T h e  a bove c o r r e c t i o n  h a s  b e e n  m a d e  o n  page D- 2 1 . 
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Comm e n t  2 0  

G e ne r a l  comm e n t s  on Append i x  D :  Th i s  appe nd i x  i s , on  

the who l e , r a ther  well  w r i t ten a l tho ugh i t  c o n t a i ns a n umbe r 

o f  co n j e c t u r a l  s t a teme n t s . Fo r th e mo s t  pa r t ,  the se sta te

ments c an be i d en t i f i ed as tho se that co n ta in the wo r d s  

" co u ld "  o r  " wo u ld " . I t  i s  su r pr i s i n g l y  we l l  w r i t te n  whe n  the 

r e l a t i v e ly few r e f e r e n c es on wh i ch i t  ev i d e n t ly i s  b a s ed a r e 

ta k e n  in to ac c o un t .  P e r haps  the mo s t  h i g h l y  r e g a r d ed r e f e r en c e  

i s  t h e  p r e v i o u s l y  me n t ioned  N a t io n a l Acad emy o f  S c i e n c e s  

r e po r t  " P e t r o l e um i n  th e Ma r i n e  E nv i r o nmen t , "  wh i c h  i s  no t 

c i te d . O t h e r  e x c e l l e nt s o u r c e s  a r e  the pr o c e ed i ng s  f r om the  

o i l sp i l l  co n f e r e nc e s  he l d  b i a n n u a l l y .  

Re spo n s e  

T h e  above comm e n t  h a s  b e e n  no ted . 
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Comment  2 Append i x  E 

S e c t i o n  A.  D a ta in th is po r t ion of the Append i x  r e l a t e  

t o  c l a s s i c  de f i n i t i on o f  s t r ippe r , i . e . , wel l s  

p r od u c i ng 1 0  B /D o r  l e s s , r a ther  than DOE 

d e f i n i t i on of  p r o pe r ty ave r ag e  10 D /D/W or 

l e s s . W i th the chang e s  that ha ve occ u r r ed in  

DOE pr i c e  r eg u l a t ions , p r o j ec t i on o f  the type 

shown , b a s ed on s t a t i s t ical  analys is above 

the p r o pe r ty l e v e l  of de ta i l ,  may be subj ec t 

to s e r i o us e r r o r . 

I n  o r d e r  to use  th e d a ta fo r s t r ippe r wel l 

p r od u c t ion p r i o r  to 1 9 7 6 ,  the c l a s s ic s t r ipper  

de f i n i t ion has  been fo l l owed in th e s t r ippe r 

p r o d u c t i on an a l ys i s .  Undoubted l y ,  th is p r o-

j e c t ed v a l u e  wo u l d  be d i f f e r e n t  f r om w h a t  the 

DO E r epo r ted f o r  the p e r i od a f te r  the r e g u-

l a t i on change on bo th s t r ippe r we l l  and 

prope r ty de f i n i t i o n .  Th i s  is c r e a ted by the 

sh i f t  of  some lowe r - t i e r  o i l  in to the s t r ippe r 

w e l l  o i l .  Howev e r , s u ch sh i f t sho u l d not a f fe c t 

the ov e r a l l  cr ude  o i l  prod u c t ion  pr o j ec t i ons . 
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Co mme n t  22 

S e c t i o n  B .  T h e  co nc l u s i o n s  i n  th i s  se c t io n  ar e based  on 

an ove r - s impl i f i ed a s s umpt ion of a c o n s tan t 

3 / 1  pr ice  co s t  r a t io , r e g a r d l e s s  o f  prod u c t i o n  

d e c l ine . Wr i t ten i n  rn id- 1 9 7 6 , i t  a s s ume s p r i ce 

con t r o l s  w i l l  go  o f f  in m id- 1 9 7 9 , and th a t  

o pe r a to r s  w i l l c o n t i n ue p r od u c t ion o f  m a r g i n a l  

we l l s  i n  an t i c ipa t i o n  o f  f u t u r e  pr i c e  imp r ov e

men t .  The con c l u s ion  r e ac h ed in th is  sec t i o n  

d o e s  no t ne c e s s a r i l y  f o l l ow , i . e . , th a t ,  b e c a u s e  

t h e  r a t io o f  d e ep we l l s  p r o d u c i ng 1 2- 2 0 B /D to 

those  p r o d u c i ng 20 to 26 B/D is  e s s e n t i a l l y one , 

p r i ce r e l i e f  for  deeper  we l l s  wo u ld not  r e s u l t  

i n  inc r e a s ed pr o d u ct i o n . Re c e n t  mov e s  b y  DOE 

to a l l ow p r i ce r e l i e f  wh e r e  an ope r a to r  h a s  

s u s ta i n ed a l o s s  wo u ld ind i c a t e  th a t  th e p r em ise  

s ta ted is  inco r r e c t .  

The pr i c e  o f  s t r i ppe r we l l  p r o d u c t i o n  h a s  been  

e x empted f r om c o n t r o l  p u r s u a nt to  the  ECPA s i n c e  

Septemb e r , 1 9 7 6 .  Chev r o n  appa r e n t l y  m i s u nd e r s tood 

the table p r e s e n t ed on  pag e E - 6 . The t a b l e  

ind i c a ted th a t  pr i o r  to th e A r ab o i l  emb a r g o , 

the r a t io b e tw e en the n umb e r  o f  we l l s  p r o d u c ing 
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C omme nt 2 3  

S e c t ion c .  

Re spo n s e  

1 2- 2 0  b a r r e l s  p e r  day t o  tho se p r od uc ing 2 0 - 2 5  

ba r r e l s  wa s i n s e n s i t i ve  to the we l l  depth . 

Th u s , the e c o nom i c ma r g in for  d e e pe r  we l l s  

may no t be s ig n i f i c a n t l y  h ig he r  th an o th e r s  

a nd any p r i ce r e l i e f  b a s ed on d e pth o f  we l l  

may gene r a te a ins ign i f i c a n t  amo un t o f  

inc r emental  p r o d u c t io n .  The r e cent  mov e s  

b y  DOE to al l ow spe c i a l  r a te r e l ie fs  a r e  

p r ov i d ed for  the r e l i e f  o f  tho se ope r a to r s  

e n c o u n te r ing un ique  eco nom ic  h a r d sh ips . 

I n  S e c t ion B ,  faced  w i th h i g h e r  co s t  ope r a t ions 

f o r  d e ep we l l s , it  was conc l uded th at s t r ippe r 

qu a l i f i c a t ions  o f  l a r g e r  we l l s  wo u l d  no t 

r e s u l t  in  a p r o d u c t ion in c r e a s e .  Howev e r , i n  

th i s  s e c t ion , w i t h h ig h e r  co s t  ope r a t i ons  fo r 

o f f sho r e  we l l s ,  i t  i s  conc l uded that s t r i ppe r 

q u a l i f i c a t ion o f  l a r g e r  we l l s wo u l d  r e s u l t in 

a p r od u c t i on inc r e a s e , an o bv i o u s  con t r ad i c t ion . 

O f f s h o r e  c r ude o i l  pr o d u c t ion r e q u i r e s much 

mo r e  inve s tment and ope r a to r s  are und er  much h ig h e r  

r i s k  �h an th a t  in o f fsho r e  o i l f i e l d . Be s i de s , 

N� 2  



C omme n t  2 4  

Appe n d i x  J 

o n c e  th e o f fsho r e  we l l s a r e  ab andoned , i t  is 

a lmo s t  impo s s i b l e  to r e v e r se them.  The ma te r i a l  

p r e s e n ted i n  S e c t io n  C o n l y  de a l s  w i th the 

eco nom ic m a r g in of o f fsho re  o pe r a t ions wh e r e a s  

th e sus ta i n ed pr o d u c t ion  f r om such  mar g i n a l  

o f f s h o r e  we l l s  d ue to the e x te n t ion o f  e co nom ic 

l i fe r e s u l t i ng from th e pr ov i s io n  o f  s t r ippe r 

q u a l i f i c a t ion mu st  be co n s i d e r ed . 

F ig u r e  J-7 , page J - 0  -- S ta tu s  o f  AQCR i n  Lo s 

Ang e l e s  B a s in s ho u ld n o t  be u n ce r t a in for  1 9 7 5 ,  

i f  no v io l a t io n  o c c u r ed in 1 9 7 4 . The SO l eve l s  
2 

i n  1 9 7 5  we r e  the s ame as  in  1 9 7 4 .  Th e r e fo r e ,  LA 

s h o u l d  have be e n  in  the ca teg o r y  o f  " no t  e x pe c ted 

to v io l a te "  the s tand a r d .  

Te x t  o n  pag e J-9  h a s  be e n  changed to r e f l e c t  the 

above comme n t . 

Comme n t  2 5  T a b l e  J - 1 , page J - 1 8 - --Th i s  table  is  ch ang ed pe r 

the C l e a r  A i r  Act  Amme ndme n ts o f  1 9 7 7 .  L a nd 

c a te g o r i e s  th a t  ar e C l a s s  I i n c l ude the fol low ing : 

i n te r n a t ional  p a r k s , n a t i o n a l  w i l d e r n e s s  a r e a s  ( ov e r  

5 , 0 0 0  ac r e s ) n a t i o n a l  memo r i a l  pa r k s ( ov e r  5 , 0 0 0  

a c r e s ) a nd n a t io n al par k s  ( ov e r  6 , 0 0 0  a c r e s ) .  
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Re s l}o n s e  T h e  te x t  h a s  b e e n  c h a ng e d  to r e f l e c t  t h e  above 

comme n t s . 

Comme n t  2 6  Ta bl e J-2 , page J-1 9 ---Ta b l e  i s  c h anged pe r C l e a r  

A i r  Ac t Amendmen t s  o f  1 9 7 7 . Refe r to the 

amendme n t s  f o r  the f i na l v a l ues . 

Re spo n se The te x t  h a s  be e n  changed  to r e f l e c t the above 

comme n t s . 

Comme n t  2 7  Page J -3 2 ,  2nd pa r ag r a ph ---Wha t c o n s t i t u t e s  

Re s pon s� 

a sp i l l sho u l d be d e f i n e d . Fo r i n s t a nc e , how 

ma ny  b ar r e l s  of c r ude w e r e  s p i l l ed in the 1 3 9  

Te xa s sp i l l s ? Wh i l e  t h e  n umbe r o f  sp i l l s  ma y be 

l a r g e , the s i z e  o f  the  s p i l l s  may be  smal l w i th 

ve r y  l i ttl e impac t . 

An o i l p ipe l ine s p i l l i s  d e f i ned by  i t s  o c c u r r ance  

no t by the n u mbe r o f  ba r r e l s o f  o i l s p i l l ed .  The 

P l e a s e  see Table D-7 for the average o i l  
spi l lage a s s oc iated with pipel ine acc ident s . 

Comme n t  2 8  Table  J- 1 7 ,  page J - 8 1 -- - I n fo r ma t i o n  o n  C a l i f o r n i a 

S t a nd a r d s  i s  o u td a ted . S t a nd a r d s  f o r  e t hy l ene and  

h yd o r g e n  s u l f id e  h a v e  be e n  p r omu l g a t ed . 

The t e x t  h a s  been c h ang ed to r e f l e c t  the a bove 

comme nt . 

Comme n t  2 9  P a g e  J -8 3 , 8 4 - - -Th i s  s ec t i o n  d o e s  n o t  p r e se n t  the 

p r ope r pe r s pe c t ive . Mun ic ipa l was tewa te r s  a r e  by 

far  the l a r g e s t  s o u r c e  of  w a s t e . E i g h t y� f o u r  pe r c e n t  

o f  t h e  was tewa t e r  c ome s fi om m u n i c i p a l  t r eatme n t  

p l a n t s . Th e s e pl a n t s  o n l y c a r r y  o u t  p r ima r y  tr ea tme n t . 
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Re spo n s e  

Commen t 3 0  

Re spon se 

Comme n t  3 1  

The s e  mun ic ipal  d i sc h a r g e s  r o ug h l y  con t r ibute 

over  ten t ime s a s  m u c h  t o t a l  s u spended s o l id s ,  

b i o c h em i c a l  o xyg e n  d emand , a n d  t o t a l c h em i c a l 

o x yg en  d emand c ompar ed to the  i n d u s t r i a l  w a s t e . 

Othe r w i s e , the ma s s  em i s s i o n  r a te s q u o t e d  f r om 

S CCWRP seem c o n s i s te n t  w i th a v a i l a bl e i n f o r mat i o n . 

D a t a  obta i n e d  by E PA h a s no t pr oven th i s  t o  be the 

case , In f a c t , onl y l im i t ed o l d e r  mun i c ipal  p l an t s  

d o  no t h a v e  seconda r y  t r e a tment . 

Page J-8 5 ,  pa r a . 3 --- I t  i s  u nc l e a r  whether  the 

4 , 0 0 0  me t r i c  ton s  pe r ye a r  o i l seepag e at 

Co a l  O i l  Po i n t  is  s u ppo sed to  r ep r e s e n t a typ i c a l  

numbe r , o r  a n  e x t r eme c a s e , f o r  t h e  s e e p  s i te s 

u nd e r  c on s id e r a t i o n . Th i s  s e ems h i gh , when the  

e s t i ma t e s  of  to t a l  s e e pa g e  fo r S o u t he r n  C a l i f o r n i a  

m ight  v a r y  f r om 5 , 0 0 0  t o  2 0 , 0 0 0  me t r i c  t o n s  per  

ye a r . 

Th e s ta teme n t  w a s  based  o n  me a s u r ed f ig ur e s  f o r  

Oc tobe r 1 ,  1 9 6 9 .  

De l e te r e f e r e nc e  8 by B e a r d  and We r th e im . Th i s  

inc l u d e s t h e  par ag r aph o n  ?age K - 8  a n d  a l l o f  the 

d a ta on  page K - 1 0 .  These r e ul t s  h a ve not b e e n  

c on f i rmed  by othe r i n ve s t i g a to r s and Dr . B e a r d h a s  

s t a t e d  p ubl i c l y t h a t  he  w a s  u n abl e to r ep r o d u c e  

t h e  r e su l ts .  
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C omme n t  3 2  

Comme n t  3 3  

Respo n s e  

T h e  l i te r a t u r e  c i ted b y  C h ev r on d o e s  n o t  

su ppo r t  th e c l a ims  i n  ab ove commen t .  

Q u a l i fy the quo te f r om r e fe r ence  1 3  on page K- 1 3  

by no t i ng th a t  the r epo r ted e f fe c t s  have no t been 

shown a t  amb i e n t  l ev e l s  and are  ba sed on e x po s u r e s  

a t  much h i ghe r concen t r a t i o n s . 

The above comments  we r e  c l e a r l y q u a l i f i ed in the 

DE I S . 

A ppe nd i x  L---O f the 8 5  ino r gan i c  and o r g an i c  

compo u n d s  a nd m i x t u r e s p r e s umed to be u s e f u l  i n  

s u r f a c t a n t  and/or po l ym e r  f l ood ing , Ch e v r o n  ha s 

e s t im a ted th a t  1 6  p e r c e n t  o f  th em a r e  d e f i n i te l y  

e f f e c t ive , 1 4  pe r c e n t  a r e  po s s i b l y  u s e fu l , 3 1  

p e r c e n t  a r e  too e x pen s i ve to be e c o nom i c , and 3 9  

p e r c e n t  a r e  s i mply i n e f f e c t i ve . 

The ab ove comment  h a s b e en no ted . 
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U.S. D EPARTMENT OF COMM ERCE 
National Oceanic and Atmospheric Administration 
NATIONAL O CEAN SURVEY 
Rockville, Md. 20852 

C52/JLR 

O CT 4 1977 

TO : Wi l l i am Aron 
D i rector 
Offi ce of  Ecol ogy and Envi ronme�l Conservation  

FROM : �ordon L i l l  � :/"' .. � 
Deputy Di rec to r  
Nati onal  Ocean Survey 

SUBJECT : DE I S  # 7 709 . 03 - The Cumu l ati ve Producti on/Consumpti on 
Effects of the Crude O i l Pri ce I ncenti ve 
Rul emaki ngs  

The s u bj ect  s tatement has been rev i ewed wi th i n  the areas of NOS 
res pon s i b i l i ty and experti se , and i n  te rms of the i mpact of the 
proposed acti on on NOS acti vi ti es and p roj ects . 

The fol l owi ng  corrunent i s  o ffered fo r your con s i derati on . 

I t  does not seem , j udgi ng from Chapter I V , Pages 25-34 , and 
Append i x  A ,  that enough wo rk has been done on effects of  offs hore 
d i s posal  of produced water from offs hore o i l  p l atforms . Deta i l ed 
quanti tati ve d i spers i on and effec ts data need to be ta ken i n  the 
fi el d and compared wi th both l aboratory data and n umeri cal  model s .  
Because of the s i te -spec i fi c  natu re of the resu l ts , these s tudi es 
need to be done at each maj or o i l fi e l d .  The comp l ete studi es 
wou l d probab ly  cos t  no more than $2-3M eac h , a mi cro scopi c  amount 
compared to the val ue of the fi e l d .  I n  conj uncti on wi th thi s ,  
appropri ate EPA reg u l ati ons  need to be deve l o ped to con trol tox i c 
d i scharges ( see Ch apter IV , Pages 3 3 - 34 ) , and comprehen s i ve s tud i es 
on the effects of the d i s charges s hou l d be requ i red by l aw at each 
s i te .  
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

ER 77/830 

Mr.  Eugene Glass 
Office of Price Regulations 
Federal Energy Administration 
2 000 M St reet, N. W .  
Washington, D.C.  2046 1 

Dear Mr.  G lass: 

OCT 2 5 �77 

We have reviewed the draft environmental impact statement of August 26,  
1 9 77 for the cumulative production/consumption effects of the crude oil 
price incentive rulemakings and have the following com ments. 

Generally, the methodology and scope of the D EI S  seem reasonable in light 
of the uncertainty and lack of concrete knowledge surrounding the subject. 
However, we question the advisability and cost-effectiveness of initiating 
an EIS on an action which will have admittedly minor i mpacts - none of 
which will occur before expiration of the enabling statute. Furthermore, 
even if one accepts the judgment that an EIS on the proposed action is desirable 
and necessary, the scenarios considered may result in a misleading analysis. 

Regarding our first concern, our estimates indicate that the proposed regula
tions can't be finalized before J anuary 1 978 at the earliest while the enabling 
statute expires in May 1979. Second, even if the argument is accepted that 
the agency has a responsibility to consider impacts which may result from 
interim regulations, the study should be aimed more at a comparison of the 
future environment with and without the proposal, under easily justifiable 
assumptions as to what that future environment may be. It would appear 
that it will be either decontrol of prices or a continuation of the present 
system. Instead of this, however, the D EIS attempts to describe the incre
mental impacts of the proposed action on the present environment. This 
approach necessitates the tracing of the thread of causation f rom prices 
through costs to increased supply and decreased demand and then attempting 
to relate the increased supply and decreased demand to specific environmental 
effects. 



Due to the uncertainty and lack of hard knowledge previously noted, this 
thread will be so tenuous as to reduce the analysis to not much more than 
an academic exercise, divorced from any potential reality. To reinforce 

2 

this argument, it should be noted that the specifics of virtually all the pa
rameters, for instance the price elasticity of the supply and demand for pe
troleum and products1 which must be included i n  the calculations are subject 
to widespread dispute. 

In addition to the above general remarks, we have the following specific 
comments: 

Section IV.D.2.2.3  fails to mention that the subject is also addressed by U.S.G.S.'s 
OCS Operating Order 117. 

Section X.D. is now outdated in part and will be completely outdated if pend
ing amendments to the OC S Lands Act become law. 

A revised OCS planning schedule was issued in J uly of 1 977 and the voiding 
of the Baltimore Canyon Sale has been reversed. Also, the fourth paragraph 
on page X- 1 9  should be reworded to avoid the gratuitous inference as to BLM's 
capabilities which it gives rise to. This paragraph also contains a factual 
error. An OCS proposed planning schedule does not "ref le ct a best-case anal
ysis", rather it is a reasoned attempt at a realistic schedule, given the present 
and projected circumstances. The remainder of the section is a fair sketching 
of the generalized conflicts which result from multiple use of the same resource. 

Nowhere in the D EIS is the possibility of interfuel substitution in response 
to the increased prices with the concom itant environm ental impacts addressed. 

In discussing the possible i mpacts of pollutants introduced into ground water 
as a result of various techniques used to increase domestic oil and gas produc
tion (e. g. , p. IV-76, IV-104-, A-13), the text should consider--in addition to 
slow percolation--the usually extremely slow rates of mixing, dispersion and 
dilution. Other possible impacts of some enhanced recovery procedures are 
accidental hydraulic fracturing of confining beds, bypassing oil in place, and 
raising pore pressures sufficiently to trigger local seism ic activity; we do 
not find consideration of these item s in the statement. The history of sub
sidence in California as a result of withdrawal of ground water and petroleum 
is mentioned (p. J - 1 25,  J - 1 26); however, subsidence does not appear to have 
been addressed as an i mpact for other areas. Since instances in other oil
producing States are known, the statem ent should evaluate such effects at 
least in general terms. 

Regarding the discussion on page J-89, precipitation along the Texas-Louisiana 
G ulf Coast region averages more than 50 inches a year. This rainfall is very 
poorly distributed with time. Large amounts of water will be dumped on 
an area, and then drought conditions will develop. This poor distribution 
of rainfall may cause problems in oil field lease operations. A graph or table 
showing this seasonal rainfall pattern is suggested. 
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Several parts of the document indicate that recreational activities could 
be i mpacted by an increase in petroleum production resulting from the pro
posed rules. A ppendix J discusses recreation in the five major oil producing 
States and shows that it is an important part of each State's econo m y  as well 
as a significant social activity. Increased production may intensify specific 
impacts including "fouling of recreational beaches" (page VII-22) and "decreases 
in the local waters' productivity of pelagic wetfish and tuna" (pages VII-22 
and VII- 2 3). We encourage FEA to preserve these values as incentives for 
production are implemented, and support completion and issuance of EPA 
regulations prohibiting brine discharge in near-offshore waters, as mentioned 
on page VII- 1 9. 

Certain socioeconomic impacts can result in local recreation impacts as well. 
Sudden increases in population resulting from exploratory activities could, 
in some cases, put pressure on local recreation resources, particularly where 
such increases take place in small communities. Increased production result
ing from the proposed rules will increase the potential for this type of pres-
sure and should be considered -by--FEA in planning for future production activities. 

1���-----, 
Larry E .  M e ierot t o  

SECRETARY 
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U N I TED STATES E N V I RON M ENTAL PROTECT ION AG ENCY 
WASH I NGTON, D.C. 20460 

Executive Communications 
Box PF 
Room 3 3 1 7  
Department o f  Energy 
Washington , D . C .  2 0 4 6 1  

Dear Sirs : 

NOV 4 1977 
OFFICE OF THE 

ADM INISTRATOR 

In accordance with our respon s ibilities under section 3 0 9  
o f  the Clean Air Act , as amended , the Environmental 
Protection Agency has completed its review of the Federal 
Energy Administration ' s  draft environmental impact 
statement on the Cumulative Production/Consumption 
E f fects of the Crude Oil Incentive Rulemakings . As a 
result of this review we have the fol lowing comments to 
o ffer . 

In general , EPA agrees with the estimates of air 
pollutant emi s s ions as they may be associated with crude 
oil production and consumption resulting from the various 
pricing policies . However , we believe that . the ambient 
air quality impacts resulting from speci fic pri cing 
options and resource recovery proces ses can only be 
evaluated i f  bas e line air quality data at the production 
site s is  identi fied . To the extent this is  feas ible , 
the final E I S  should indicate this information . 

Regarding oil spill potential , EPA questions whether 
a trend in increased oil spi lls or water quality 
degradation in general due to the disposal of produced 
water can be identi fied and linked to the crude oi l price 
incentive rulernakings . Our only recommendation , there fore , 
is that the Department of Energy acknowledge that the 
water qual ity impact predictions and estimates noted in 
the draft EIS are subj ect to s igni ficant variations . 
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EPA has appreciated the opportunity to review and 
comment on thi s  draft statement . As a result· o f  our 
review and in accordance with EPA procedure , we have 
rated the proposed rulemaking LO ( Lack o f  Obj ection) 
and have categori z ed the draft-Statement 1 ( Suf ficient 
Information ) . Please provide this office-with three 
copies of the final EIS once it i s  i s sued . 

S incere ly yours , 

A� 
Peter L .  Cook 
Acting Director 
Office of Federal Activi ties (A- 1 0 4 )  



SC H.J ECT: 

FRm!: 

DEPARTMENT OF ENERGY 

REGION VIII 
1 075 South Yukon 

P.O. Bo)( 26247, Belmar Branch 

Lakewood, Colorade> 80226 

Draft Envi ronmenta l  Impact Statement �fde_$� 
C .  Dal e Eri ksen 
Acti ng Reg i ona l Representati ve 

DATE: October 1 3 ,  1 97 7  

TO: James Maynard 
Offi ce of Pri ce  Regul ati on 
Department of  Energy 
2000 M Stree t ,  NW - Room 231 0 
Was h i ngton , DC 2-0461 

The Department of  Energy Regi o n  VI I I  o ffi ce has revi ewed the " D E I S  
for the Cumu l a ti ve Produc ti on/Consumpt i on Effects of the Crude O i l 
Pr ice  I ncenti ve Ru l ema k i ng "  and has no comments regard i ng th i s  
document .  

Thank  you  fo r the opportuni ty to  comment o n  th i s  E I S . 



STATE OF DELAWARE 
EX ECUTIVE DEPARTMENT 

OFFICE OF MANAG E M E N T, B U DG ET, AND PLANN I N G  
PHONE: (302) 678 - 427 1  OFFICE OF THE 

DIRECTOR 

Mr . E ugene G l a s s  

DoVER, DELAWARE 1 990 1 

Fe deral Energy Admin i s trat i on 
2000 M S t r ee t , N . W .  
Wash ingt on , D . C .  2046 1 

D e ar Mr . G l as s : 

S ep t emb er 22 , 19 7 7  

RE :  Draft E I S  for the Cumu l a t ive Produc t i on / C on s ump t ion E f fe c t s  
o f  the Crude O i l  Pri c e  In c ent ive Rulemaking s 

The O f f i c e  o f  Man agemen t ,  Budg e t  and P l ann ing , in i t s  c ap a c i ty 
as th e S t a t e  C l earin ghous e ,  has r eviewed the s ub j e c t  DE I S . 

The C l e ar inghouse h as no n e g a t ive c ommen t s  on thi s E I S . Thank 
you fo r the opportun ity to r ev i ew this work . 

S in c ere ly , \ 
-����Q_ 

N ath an Haywar� '

I I()- - ...., -

D ir ec t or 

fb 



JAYS. HAMMDllD, GOVERNOR 

o•�FICE OF THE GOVERNOR / 
STATE PIJUCY DEVIllJPMEJfT AllD Pl.A/Ill/II& I POIJCH AB -JUNEAU 99111 

PHO/IE 465-3511 

Mr . E u g e n e  G l a s s  
2 0 0 0  M S t r e e t , N . W .  
Wa s h in g t o n , D . C .  2 0 4 6 1  

S e p t e mb e r  1 9 , 1 9 7 7  

Subj ect : 
C r u d e  O i l  P r i c e  I n c e n t i v e s  - D E I S  
S t a t e  I . D .  N o . 7 7 0 9 1 9 0 2  

Dear Mr . G l a s s  

The S tate Clearinghouse has received the subj ect proj e c t  which you 
s ubmi t ted for review .  

Materials concerning the pro j ect  have b een dis tributed t o  the appropriat e  
governmental agencies for review and comment . The review i s  scheduled 
to close on O c t  0 b e r 1 7 ' 1 9  7 7 , and you should be receiving review 
resul t s  soon af ter that date . 

The Clearinghouse has assigned S tate I . D .  No . 7 7 0 9 1 9 0 2  to the 
proj ect .  :?lease us ? this number in all future corresJ?or.denc.: concer'J.ing 
the proj ect ,  bo th with t his agency and with the Federal agency . 

Thank you for your cooperation in this mat ter . 

S incerely , 

John Hal terman 
S tate-Federal Coordinator 



• 

ARIZONA G OFFICE OF 
O F F ICE 
O F  THE ECONOMIC PLANNING AND DEVELOPMENT 

::-.-------------------------------------------...-.,,_--= GOVE R N O R  
R A U L  H.  CAST R O  1 700 West Washi ngton • Executive Tower • R o o m  505 • Phoenix, Arizona 85007 

Novemb er 2 8 , 1 9 7 7  

Mr . Eugene Glass 
Federa l Energy Adminis tr a t ion 
Off ice o f  Ptice Regul a t i ons 
2000 M S t r ee t ,  N . W .  
Washing ton , D . C .  2 0 4 6 1  

Re : Dr af t Environment a l  Impact S ta t ement f o r  the Cumul a t i ve 
Pr o duc t ion/ Cons,ump t ion E f f e c t s  of the Crud e O i l  Price 
S . A . I .  0 7 7-8 0-00 4 3  Incentive Rul emaking 

Dear : Mr . Glas s , 

Enclosed is a copy of a response c oncerning the above proj ect which 
was r eceived oy us af ter our Signoff to you .  

Sincerely , 

i. j' r. I "  
\� \.... ' 

Mrs .  Jo �oungolood , Sup ervisor 
Arizona S tate Clearingfiouse 
JY : s s  

Encl . 



/ 

D i r e ctor 

Sep t .  o f  Re venue 

S t ate C ap i tol B ld g . 

P�oen i x , AZ 8 5 0 0 7  

JI SEP  1 7 ;�77 State ;;z :io . 7 7 - 8 ·J - 0 0 4 3 

?�;:im: A:: ".::cna S tate '-; laa.=i:ighcusa 
1 7 00 ties-:: :'iasr • .:..:.s�:::n S t:::eet , �o;:i S C S  
?hcenix , .:l..rizona 5 5 0 0 7  

7:1:s ;-rojec: :.S. iefer;ed : o  you for :::view lr..d =o.rnment.. ?!�e l!Y:J..iU.J.te .u to: 

· '. )  :!-;e ?!O'.'.:�::i·s e(:!C! ::;:on the pi.2.r.l :ir:d ;nc�r:u of your 03o::cy 
:) :.�e �-::;oortinq of ots cc. ::ibuticn to St:ite and/or :,-.,:mide goals and objec::ves 

·)) ::.s 1c:;o;d '.vit.!l ;i�y :1�p!.ic.-:.ble :iw, crde: or :��guLat!on wit.h whic!'l you 1..-:! [��illar (4) :ic>:i::cr..:ii -:.:: n .. �.:i.:!r-tions 

= �o ,: :.: r.: r.:en! ?n ::US ?rojec! 
= ?:-::pos.:U :s s..:;;;;o r. �  .:..s ·,vr:t!en 
= C..Jr.Hnen�s :.s 1r:.dic:lted :�!ow 

XE?,CX COPY 

?_.;•; ; ;!•.i. e r · :; s ; t; '.i;:: �u��- - - · · ·· · · · · · · · · ················ ···-···-· " .. ·--·················-·--············· · · · · · · · · ·
·
·········-· 

..:.. c onomic S e c .  

Mine r a l  ::\ e s . 

Indian ;. �� .. :i.i r s  

Game &: F i s h  

A g .  &: H o r t .  

A z .  �li ning . .\ s s o c .  

A r i d  Lan d s  S tud i e s  

.o:.. :.: u c :i. c i o n  

S o l a r  ::::n e r g y  

E ne r g y  P r o g  

H e a lth 

','{ ate r 

AOR C C  
Powe r 

E nv i r onmental S tudi e s  and 

. .\ r c h a e o l o g i c a l  R e s e a r ch 

SW �Ii:J.e r :i. l s  i::xp l o r a ti on 

�vfu s e um of � o r the rYl A r i z on a  

:?. � ne wao l e  :\ a tu r 3. l  :?. e s our c e s  

T r a n S ? O r tati on 

C e n t e r  for ?uO . _.\£fai r s  

A.;_tty G e n .  

_.\ci=in . 

::'.: m e r g er: c y  S e r v . 

A.?. IS 
Ci l 5.: G a s  C or. s . C cr::IYi 
? e,,"" e!1ue 

(2 '/S  

P a rks 
C E: P.� D -

.?_ . :<:i::::.g e · 

B u r e au of 
�.line 

O ?. e g i �.:1S 



MEMORANDUM 

TO : 

FROM : 

DATE : 

SUBJECT : 

Lynn Ford , Execut ive Assis tant 

Sam Cohen , Tax Analys t  

November 2 1 , 19 7 7  

Environmental Imp a c t  Stat �ment 
Produc t ion/ Consump tion Effec t s  
Price Incent ive Rule Makings . 

for the Cumulat ive 
o f  the Crude Oil 
(AZ l/ 7 7-80-004 J) 

The app licant , o f fice of  Price Regula t ions , Federal Ener gy 

Admini s t rat ion , 2000 M Street , N . W . , Washington , D . C .  20461  

p roposes imp lement ing a new set o f  price regulat ions , which 

pursuant to the Ene rgy Policy and Conserva t ion Act (EPCA) 

and the Energy Conservat ion and P roduc t ion Ac t (ECPA) is  

intended to ame l iorate the impact o f  inflation and provide 

add it ional p r ice incentives for crude oil product ion . In 

this c a se , there is no reque s t  for Federal funds . The Price 

of oil and in turn the price of  gaso line at the pump affects  

all  peop le. in this country . It i s  essenti�l th&t price re-

guL: t ior.:-; in v :.. cw of the energy crunch and pur suant to laws 

pass�d by 1he Congre s s  be carefully cons id� red �or adop t ion 

in vie� of the tremendous impact of o i l  and gas price s . 

The Depar tment o f  Revenue should have no obj e c t ions to this 

proposal o f  the o f fice of  Price Regulat ions , Federal Ener gy 

Adminis t rat ion . 
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1, ) O M B  Approval No. 29-R02 1 8  

F E D E RA L  ASSISTANCE 
2. a.  N mbe1 3. State a. Number 8 Q 0 0 4 ') _.._ ________________ 

...... 
:::i:�':::��� r.-.�' 'r-.,....·�· �----t fc\'.,"���i��n 

AZ 7 7 - -
. 

1 .  Type Of D Preapplication b. 
D

1 fl' .\· c:� -� b. Date 
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Action � Application · · ' ·  Year Month Day Assigned �:;;!priate D Notification Of Intent (Opt.) leape 1�! u"i :J 1 '" :u"' ] n / lef _,L. I L /_ 
box) 0 Report Of Federal Actior:i_ _ 

__..
B
•

/a
-

nA. __ • __ • 
...., ...... ,;.· •';;;;J-..1 "--"*"'�"""/"" /�"A'Af�,,"°'�•-.;111;;...o ___ oilf"I'-/'-" ___ .,_-__ 

_ 
4. Legal Applicant/Recipient (/ 5. Federal Employer ldentR.cation No. 

a .  Applicant Name : Fede ral Ene r g y  Admini s tr at i on 
b. O rganization U n it : Offi ce of P r i c e  R egulati ons 6 .  Program 

a . N u.mber c. Street/P.O . Box : 2000  M Stre e t ,  N .  W .  (From 
Federal T St E d. C ity : W a s hington e .  County Catalog) b. itle • �ne r g y  

t .  State : D .  C .  g. Z i p  Code : 2046 1  Con s e rvation P r o i;,?; .  

,. h. Contact Person : Eug ene Gla s s  FEA, C ffic e  o f  Ene r g y  Cons . � (Name & t�lephone no.) (20lli 54- 7477 .. _ and En> i r onment 
c 7. Title and description of applicant's project D raft Envir onm--e--n-t-a"1�·--+8

"-. 
-
T
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n
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ie 

.. n_t ________ __ 
� Impact State m ent for th e Cumulative P r oduc ti on /  � C ons umption Effe c t s  of the Crude Oi l Price Incenti v1 

A -State G-$peciai Purpose District 
B- Interstate H-ComMunity Action Ayency 
C- Substate District I- Higher Educational 

':. Rule makings D-Countv Institution 
E-Ctw J- Indian Tribe F- School District K- Other 

c: The Fed Ene r ll; Y'  Admj.n �s implementini;[__a new s et .� of p r i c e  re g_ula1:i ons whi ch, pur suant to 'J;;ne r g y  1 (Specify): Fede ral 
ii poli c y  and C on s e rvati on Act (EPCA) & the Ene r g y  
� C on s e r vation and P r oducti on Act ( E CPA ) ,  i s  intendeci. Type of assistance 

Enter appropriate letter [g} 
_ to q.:rn.eli of ate. the. impa�t of jnflati oµ & ,J;l r ovide . A-Basic G rant D - l nsurance 
c add1tiona price inc entive s for c rud e Oil p r oduc ti on .  8--Su pplementa l Grant E-Other m .Q C- Loan Enter appropriate letter(s) 
� 10. Area of project impact (N�me-;ofcuies. counties, states, et-;:rl 1 . Estim•ted-;;-u-mb;;; 12. Typo of application ll'l 

of perSC?ns A-New C- Revision E- Augrnentat1on 

St t • d A · benefiting 8- Renewal D-Contrnuatron a ew1 e ,  r1z ona ___ ______ -- ------- - -- -------
- Enter appropriate letter m 

13.  Proposed Funding 14. Congressional D istricts Of: 1 5 .  Type of change For 12c or 12e 
a .  Federal $ .00 a. Applicant b .  Project A-- l n crease Dollars F-Other Specify: 

8- Decrease Dollars 
b .  Aµpiicant' 
c. State 

.00 Multi Multi C - l n crease D u ration 
17 D-Decrease Duration 

.00 1 6. Project Start . Project E-Cancellation Enter appro--------1---·-------< Date Year month day Duration DTI d. Local .00 1 9 Months priate let
_
t_er

_
f_sJ_�===o e. Oth�r .00 18. Estimated date --� -y��r month date 19.Existing federal identification number �. to be submitted 

f . T� $ .09 to federal agency 19 ------------- -------�c-------------20. Federal agency to receive request (Name, city, state, zip code) 2·1 . Remarks added 

Fede r a l  Ene r g y  Admin . C Yes 0 No 

c 22. a. To the best of my knowledge and 
belief, data in th is  preapplication/ 
application are true and correct, the 
document has been duty authorized 
by the governing body of the appli
cant and the applica nt w i l l  comply 
with the attached assurances if  the 

b .  I f  req u i red by OMB Circular A-95 this appl ication was su bmitted, 
pursuant to instructions there i n ,  to appropriate clearinghouses and 
al! responses are attached: 

No Response 
� .. u ;;: :;:; ij u 

The 
Applicant 
Certifies 
That 

( 1 )  
( 2 )  
(3)  

response 

D 
D 
D 

attached 

D 
D 
D assistance is approved. = .............. _________________ ... _____ 

...,. 
________________________ 

,_ 
_____________ • 

c 23. a. Typed name and title b. Signature c .  Date signed 
.£ Certifying 
U represen· � tative 

24. Agency name 

Year month day 
1 9 

25 .  Year month day_ 
Application 
received 19 ,__.2_6_. _0_r_ga--n-iz-a-ti·o--na-l_U_l_n-it ____ .. ____ , _ _____________ �l-2_7_._A_d_m_i_n 1-.·s-tr_a_t_i 
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29. Address 

3 1 .  Action taken 

Oa .  Awarded 

Ob. Rejected 

De. Retu rned for 
amendment 

od. Deferred 

De. Withdrawn 

32, Funding 

a.  Federal 

b. Applicant 

c. State 

d. loca l 

. . Other 

$ 

�· 

Year month day 
.00 33. Action date 1 9  
.00 35. Contact for additional informat ion 

----. 00--< (Name and telephone number) 

.00 

.00 

f. Total $ .00 

30. Federal grant identification 

34. 
Starting 
date 

36. 
Ending 

1 9 

date 1 9  

Year month day 

Year month day 

37. Remarks added 

0 Yes 
r---------+---·---�---·------�------------� -----··-- -------.. --------

a. In taking above action, any comments received from clearing- 'I b ,  Federal Agency A-95 Official 38. 
Federal agency 
A-95 action 

424-1 0 1 

houses were consi.dered. If ag�ncy response . is d�e under provisions (Name and telephone number) of Part 1 ,  O M B  Circular A-95, 1t has been o r  os berng n;iade. 

Standard Form 424 Page 1 ( 1 0-75) 
Prescribed by GSA , Federal Management CTrcular 74-7 



TO: 
- ---· . \ _· ._• -- ·- ___ ,,_ 

r icha2l l\. R a cnn e s ,  , J i r e cto r , ··izona Stci t<::c Parks 
16 88 \'1. l'd:-.:ns Ibom 109 
Phoenix , Arizona 85007 

From: Arizona State C lea:::inghou3e 

1700 West 'tiashington S treet, Room SOS 
Phoenix, A=izona 8 5007 

Th:S prc.iei;: � re:'er=ed to you for revie-.-.- :ind comment. Plea5e evaluate as to: 

(l) ::ie ;irog::l!ll's effect u;:on the pLtiu Jrui propams of your Jgency 

(1) :.'le lmporunce of ;u contnoution to State and/or anawide goals and objectives 

<)) its accord wit.'l lny lpplic:ible law, order or resulation with whicll you ue familiJr 

(4) ldditior.al cons'.der.1rior:l 

St•t• AZ No , 7 7 - 8 Q - Q Q 4 3 
:C:: c onomi c S e c .  

Mine r a l  R e s .  

Ind i an .AJfai r s  

Game & ? i s h 

A g .  &: H o r t .  
A z ;  Mining A s s oc .  
Arid Land s S tud i e s  

Envi r onmental Studie s  

A r chae o l o g i c al R e s e a r ch 

Education 

Solar Energy 

Energy Prog 

Health 
Wate r 
AORCC 
Powe r 
Land 

SW Mine r a ls Explo r a ti on 
�-f u s eum of � o r the rn Ariz ona 
R e ne,vable N a tu r al R e s our c e s  

T r an s p o r tati on 

C ente r f o r  Pub . Affai r s  
Atty Gen . 

_.\dmin. 
Zme r g e!l c y  S e r v. 

A�lS 
O i l  & G a s  C on s . C omm 
?. evenue 

Parks 

OEPAD-
R. King e t  

B u r e au of 
Mine 

6 R e gions 
P'.e:ise C'tur.: l:·-i! S FC PJ•l .:l.NO CNE XEROX COPY to the dearin&house no :mr :�n 1i ·,-; · r'd n a  cays from the date llOted above.. P!e.:..se w nt�c: :..:e ;;!e1ri.--:��cu.se � you :"leed !'u.rthet information or additional ti.me for ::view. 

-I 
. ...J .:-lo comrne:.: on thU ??Oj� 
:J ?-:cposal is suppor.=d lS \>.Titten 

= wmments ::s ir:dic:iterl below 

Rev1e• .. er's  s;g:i�tu= ....... ��� -----······ .. · · -·-··-· 

7itle . . .... ......... tC?.::.P/ ... lJ.................. ( 
oa�---·'Cf..k2/_n.....,.. __ 

Toie;ihonf ...... Z..1.J '(I 2'/_ __ _ 



'L O: 
Mr . John Bonn i s t e r 

O i l  & G o s  C o n s ervo t i o n  Commission 

1 6 4 5  W. Jef f er s on , Su i t e  420 
Pho enix , Ar i zona 85007 SEP 2 7 1977 State AZ No . 7 7 - 8 0 - 0 0 4 3  

From: Arizona S tate C lea::'..nghoese 

1700 West Washington St:eet, �om SOS 
Phoenix, Arizona 85C07 

This project is refemod to you for review md comment. Please cn!�te u to: 

(l) the ;nogr31ll's effect upon t!le plaru >nd programs o{ your 3gency 

C::) :.'ie ':nporunce of !ts contribution to State and/or ueawide goals and objectives 

(3) its >ccord wit.'! :iny applic::ibl= liw, order or regulation with wlliclt you :ua familiar 

(4) addition:il coruidentions 

E c on omic Se c .  

Mine ral R e s .  
Indi an Affair s  

Game &: Fish 
Ag . &: Hort. 

Az . Mining As s oc .  
Arid Land s Studies 

Envir onmental Studie s  

A r chae ological Re search 

Educ ation 

S o lar Ene r g y  

Ene r g y  Frog . 

He alth 
W ate r 

A O R C C  
P owe r 

Land 

SW Mine r als Explorati on 
Mus eum of Northern Ariz ona 
R enewable Natural R e s our c e s  
T r anspo rtati on 

Center fo r Pub . Affai r s  

Atty Gen. 

Admin. 
Eme r gency S e r v. 
ARIS 

Oil &: Gas Cons . Comm 
Revenue 

Parks 
O E PAD -

R .  Kinge r 
B u r e au of 

Mine : 

6 R e g i on s  
?!e.:i� retur.: TH I S  FOPJ� P.ND ON: XE;:l.OX COPY ____ _.;._ to the dearing.'iou.se no bter than 17 workinq days from tho date noted above. 
?!eise contac: :.'le :!e:uingho� if you :.eed !"u..-ther info rmation or additional tiJne for :eview. 

C :-lo c:Jmment on t!lis ;:rojec: 
CJ ?cos� ls sup;:or."'1 u written 

C?°wmments :is indicated below 
.----------------------------------------------------------------
1 

I i 



. . 
·--- ----·-

TO: 
�:r . J am e s  R .  Ca ·· t e r . D i r e c t o r  
A g r i c u l t u r e  & l ! ur t i c. u l tu r e  D ep t . 
� 2 1  Ca p i to l  Annex We s t  
PL.) e n ix , Ar i z o n a  8 5 0 0 7  

F:or: Arizona S tate Cleazinghouse 

1700 West Washington St=ee t ,  a.co� S O S  
Phoenix, .llu:izona 85007 

,"  ' ·-

This proiect is refe� :o you for ::view lJld comment. P!e:ise ev:tiuat: as to: 

(1) :!:;e ?rog::im's eifect :i;ion the FLlr.3 Jnd prognr-s oi your Jgency 

(2) :.he import:mce oi ;u cont:ibution to State �nd/or 1reawide goals and objec:ives 

(3) ;u Jccord wit.'l my lpplic:ible l:iw, orde: or :eguiation wit!! whiclt you :ire familfar 

(.i) additiorul cor.sider3t!ons 

AZ No . 7 7 - 8 0 - 0 0 4 3  
E c onomic Se c .  

Mine ral R e s .  

Ind:.an Affai r s  
Game & F i s h  

Ag. & Hort.  
Az . Mining As s o c .  
Arid Land s S tudi e s  
Envi ronmental Studi e s  

A r chae ological Re search 

Education 

Solar Ene r g y  

Ene rgy P r o g 

Health 
W ate r 

A O R  C C  
Powe r 
Land 

SW Mine r als Explorati on 
Mus eum of N or the rn Ariz ona 
R enewable N atural R e s our c e s  

T rans p o rtat i on 

C enter for Pub . Affai r s  
Atty Gen. 
Admin. 
Eme rgency S e r v. 

ARIS 
Oil & Gas C ons . C omm 
Revenue 

P a rk s  
O EPAD -

R .  King e i  
B u r e au of 

Mine 

6 R e gi ons 
?'.e.o.se : . :um 7:-! I S  FOR;" .C\NO  ONE XC:�OX CO P Y to the c!ear'.ng.house no lmr than 17 wo rki nq days tioni the date noted abo""� P!e:lS. w nr�c: :.�= cieuir:� � Li" you need :�her Lriionn:ition or lddldor.al :ime for :eview •. 

_ 1  1--�o :omment -o n  this �rojea 

':J r.cposal i.s suppor.od o.s '"'rit:en 
c wmments o.s ir:dic:ited oelow 

Comments: (\.:S3 "-dditional sh:::s ii ::e�-ssary) 

Rcvit:'.1.er·\  s;g:i;:i.ture • . . . . .............•............... --------·-··---·-····---------······H•••••H•••·· ······-·--

Tttle . . . . . . . . . . . ........... ............... . . .... . . .............. . 

Dale.------·-----

Telephone ••• ____ _ 



TO: 
C aro l yn lfarn e r ,  Sup e r i n tendent 
Dep t . of EJucat i on 
1 5 35 W .  J e f fe r son j ... -=- , ...... """ 
Pho eni x ,  AZ 8 5 0 0 7  SEP l 7 19n siue AZ No . 7 7 - 8 0 - 0 0 4 3  

From: Arizona State ( :.earinghousa 

1 7 00 West Washi:lgtcn S tr e e t ,  Room SOS 
Phoenix, Arizona 8 5007 

1�1is project is reie:nd t o  y o u  for ;eview lJl.d comment. Ple:ssa evaluate as to: 

( ! )  the ;nognm 's effect upon the p!ar..:i lr:d propam.s of your igency 

(2) :he imi;ortance of its cont:ibutian to State uui/or ueawide goals and objectives 
(3) its accord wit.'! any appticible law, ottlet or regulation with which you int familiar 
(4) additional consideotions 

E c onomic Se c .  

Mine ral R e s .  

Indian Affai rs 
Game & Fish 

Ag.  & Hort. 
Az . Mining As s oc .  
Arid Land s S tudi e s  
Environmental Studie s 

Archae ological R e s e a r ch 

Education 
Solar Ene r g y  

Ene r g y  F r o g .  

Health 
Wate r 

AOR C C  
Powe r 
Land 

SW Mine rals Explorati on 
Mus eum of No rthe rn Arizona 
Renewable Natu ral R e s our c e s  
T r anspo rtation 

Center for Pub. Affai r s  

Atty Gen. 
Admin. 
Eme rgency Ser v. 

ARIS 
Oil & Gas Cons . Comm 
R evenue 

Parks 

OEPAD -
R .  King e r  

B u reau of 
Mine i 

6 Reg ions 
?!e:i.se mur.: TH I S  FORM >.ND CNE XE?.OX COPY to the dearin�ouse ao tmr than 17 ".l/Orki na days !ram tile date noted above� !'!=e cont�c: ��e cle:uin3-'1ou.se if you :.eed :-mher infonnat!on or additional time for reYiew. 

S' �o , o m r  'nt on this ;iroject 
G ?-:cyosal :.S suppor::d z.s '.Vntten 
C Gmments o.s indk�ted below 

C:imme'1ts: (\.:� addit:onal shee!S J :.e=ary) 

Date.--.-1-a._2!.22 
I ?/  J ""rTe!ephone .. l?:(.L..::�-'2--.--.-



TO: 
rem Ly n ch , Ch i e f  
E n e rg y  P ro g r ams 
Room 5 0 7  
1 7 0 0  w .  W a s h i n gton 
Phoen i x , Ar i z o n a  8 5 0 0 7  

From: 

n.is project is referred :o you for review 3.1'.d comment. Pl=e evaluate a.s to: 

(1) the ;nog:i':l's d!"ect '.l?On the ;i!aru 1r.d ;iro;:r:ims of your 1gency 
(1) :.'1e L"n�ortance oi :u :or.tribution to St:H� ar.d/ar :ireawide goals and objectives (3) i!l accc-d wc:h lny l;:plic:ible law, oree: or :egulation "' ;th wh.icll you ua familiar (-i} additicc..:i! co;-• .sider:itions 

State AZ No . 7 7 - 8 Q - Q Q 4 J 
E c onomi c S e c .  

Mine r al R e s .  

Ind i an Affa i r s  

Game & F i s h  

A g .  & H o rt .  
Az . Mining A s s o c .  
Arid Land s S tud i e s  

Envir onmental S tudi e s  

Ar chae o l o g i c a l  R e s e a r ch 

Education 

Solar Ene r g y  
Energy P r og . 
Health 
Wate r 

AOR C C  
Powe r 
Land 

SW Min e r al s  Explo r a ti on 
Mus eum of N o r the rn Ariz ona 

R e newable N a tu ral R e s our c e 3  

T r ans p o rtati on 

C e n t e r  for Pub . Affai r s  

A t t y  Gen. 

AC.mi n .  
E m e r g en c y  S e r v . 

_.\RIS 
Gil & Gas C on s . C omm 
R evenue 

Parks 

OEPAD-
R .  King e r 

B u r e au of 
Mine : 

6 R e gi on s  
?�= �r:;r.: T:-H S FCRM A.ND  CN=: XE?-OX COPY ------- --------- to the deari.'1g.�ou.se 110 13ter t!:ian 17 ·..iorki r.a da 'IS from the date noted above� P!e:ise comae: �":e ;�e:i.dr.g.hcus.: ;,: you ::eed :ur:��r :..·'1.fo miation er additional time {or review. 

1):3.:-.to corr:mer.t Jn t:ili ;irojea 
C ?::)posal is suppo�� :.!S \loTitten 
C Wmr.ients ::S mciic:Hod beiow 



TO: 

Mr FObert Jantzen , Director 

� and Fish r:ept. 
2222 w. Gre:r1.1ar 

85023 
Phoenix , A.n.zona 

SEP l 7 1977 Stare AZ No . 7 ? - 8 0 - 0 0 4 3  

From: ...u.:i:ona S tate Clearinghouse 

1700 West ·11ashinqton _ S treet , Room SOS 
Phoenix, Arizona 8 5 007 

This projei:; is referred to you for :eview md comment. Ple=e evaluate as to: 

(l) the prog::-:un's effect :ipon the p!an.s lnd pro;>r.1r:u oC your lgency 
(2) :lie importanc: of its .:ont:ibucion to State and/or :inawide goals and object!ves 

._3) it.s •=rd wit.'l 1ny lpplic:.bte !:iw , order or r=gulation with wlliclt you ue Camiliu 
· 4) ldditiorul c:ons'.de1:3tion.s 

. · E c onomic S e c .  

Mine ral Res . 
Indian Affai r s  

Game & Fish 

Ag. & Hort. 
Az . Mining As s oc .  
Arid Land s Stud i e s 
Environmental Studi e s  

A r chae ological R e s e a r ch 

:C:::ci uc3.ti on 
S o l a r  Z:nerg} 
:Sne r g y  Prog 

H e a lth 

W ate r 
AO R C C  
P owe r 
Land 

SW Minerals Exp lo r a ti o n  

�,fus eum of N o r the rn A r i z ona 

R enewable Natu ral R e s ou r c e s  

T ranspo rtati on 
C enter for Pub . Affai r s  
Atty Gen. 

Admin. 

:Smergency S e r v . 
ARIS 

Ci l & Gas C on s . C o=m 

R evenue 

? a r k s  

CE?_-\ D -
R .  Kinge t 

B u r e au of 
Mine 

6 :Z e g i on s  
?'.e:ise �cl!n: .-;-n S FORM .4N D  CNS  XEROX COPY to the c!ea.rin�l-iou.se no tm r  r!nn 17 worki n o  days t:--om :he dace no ted aboV1r., 
P!=e ctin:ac: ::.':e c!e:i.I'.r.ghouse if you �eed :urther inform:itlon or ldditionai time Cor r=view. 

/�o comment on thls ?roiea 
Cl ?:-oeosal is su?;:on=d zs ·.•-,.:tten 

0 C:Jmments JS indic:ited b e  . .  w 

Cimmcnt.s: (1.:sa idditional sheets i! ne=ary} 

·----

/ . / 7 ·  I ·-.. 7 '( _,. ( ' I D:i /!·-· ...:.-'.-'·'-':.. .. :.. __________ _ 

c </ / _) • .  ' ? )  
Te!ephor.e,,:._ . .  \.. .. _.'( __ ;;-_;_(, .. ____ _ 



--··-·� · -· -· -· � _;,.�·---
· :.... . -· · ·-· -· ·  . .'.. ... .. ___ ;_· -- - .. : - ·� -·-·-

·
-·-----

D r .  He rmann K .  B l e i b treu , D i r .  

Mus eum o f  :\orth e rn A r i zona AiM-----
p .  o .  B o x  1 3 89 

Fort V G. H ey Road SEP 2 7 1977 St11a AZ No .  7 7 - 8 0 - 0 0 4 3  

F:om: 

F l a g s t a f f , AZ 8 6 0 0 l  

Arizona S t � t e  C laa!:"i�ghouse 
1700 West :·lashi::gton S t=eet , 

Phoenix, Arizona 85007 
Room SOS 

This ?reject :S referred to you for ;eview J.Jld comment. l'le:i.se eva!uaus as to: 

( : )  the ;orog=:im 's effect u;:on t� l'Llr:.s :ind progialllS of your lgoncy ( )  :he importance oi :u cont:ibution to State and/or :ireawide goals and objectives c:1 i:s aCC.Jrd witll :my lpplic::ible l:iw, oreer or regulation with wh.ic!t you = familiu (..\) ldditiorul cons • .i or:o '.ons 

E c onomic Se c .  

Mine ral Re s .  
Indian Affai r s  

Game & Fish 

A g .  & Ho rt.  
Az . Mining As s o c .  
A r id Lands Studies 
Envi r onmental Studie s 

A r chaeological Re s e a r ch 

Education 

S o lar Ene r g y  
Ene r g y  F r o g .  

He alth 
Wate r 
A OR C C  
P owe r 
Land 

SW Miner als Explo rati on 
Mus eum of Northe rn Ariz ona 
R enewable Natural R e s our c e s  
T r an s p o r tation 
C ente r for Pub . Affai r s  

Atty Gen. 

Adm in. 
Eme r g ency S e r v. 

ARIS 
Oil &: Gas Cons . C omm 
R ev enue 

Parks 

OEPAD -
R .  King e r  

Bu reau of 
Mine : 

6 Reg ions 
?!�se :eturr. ::-: I s  FCR.:•1 ,;l,llQ CNE XEROX COPY to  the clearin&house co l:mr than 17 worki na days from thct date Doted above.. ?!e..1.Se co r.t:!c: :...�e :!eaI' .... r::��o� if yo u  :iced :urther information or ldditionai time for review. 

: � �o comment �n �his �ro1ec: 
·= �cposal Ls SU?por:ed i:s · .... Tittcn 
� Wmments a.s indiC::Jted beiow 

C.Jmrr.e�ts: (t:se adCitional she:ts ii ::e�a.ry} 

lJo c::omr:tcnt on this proj ec t .  

''"'"" ' s•'"""� ( '.��\'Ji�at� -a, 
R e  s ear�� 'Title . . . . . . .. . . . ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -...... . Telephone ••• --------·--



. _  ----'--'- ---'--·---'-- ---- - _!_:___;_ __ . -- . -- ----------------

Mr . W e s ley E .  S teine r ,  

State W a te r  C ommi s s i on 
2 2 2  N .  C entral Av e . , Suite 800 

85 004 SEP 2 7 1977 Stua AZ No. 7 7 - 8 0 - 0 0 4 3  

From: 

Pho e nix, A r i z o::a 

Ari=cna S tate Clea-=�nghouse 

1700 West Washington Street, Room SOS 
Phoenix , Arizona 35007 

This ;>reject :.S  refe:. �-d to you for :eview ind .:omment.. Pl=e evaluate as to: 

(l) :he �rog::un's effect '-ltJOn the pi3r.3 lnd ;irov.ir:is of your agency 

(2) :.� e jnponance of :rs con::lbution to Stata and/or u-eawide goals and objectives 

(3) :(; accord wit!1 my lpplicab!e !aw, order or regulation with whlcll you :ue familiu 
(4) 1d1fa10nal considerations 

E c onomic S e c .  

Mine ral R e s .  

Indian Affai r s  

Game & Fish 
A g .  & Hort. 
Az. Mining As s oc .  
A r i d  Lands Studie s 
Envi ronmental Studie s  

A r chae ological R e s e a r ch 

Ed-.:.cation 

Solar Ene r g y  
Ene rgy Prog . 

Health 
Wate r 

AOR C C  
Powe r 

Land 

SW Mine rals Explorati on 
Mus eum of N or the rn Arizona 
R e newab l e  N atural R e s our c e s  

T r anspo rtation 

C ente r fo r Pub . Affai r s  
Atty Gen. 

Adm in. 
Eme r g ency S e r ''· 

A R IS 
Oil & Gas C ons . C omm 
R evenue 

Parks 

OEPAD -
R .  King e r  

Bureau of 
Mine : 

6 R e g i ons 
P'.eooe :-:n:rr. il-! I S  FCR1'1 .�ND C(� E  XEROX COPY to the c!earin;hou.se no �ter than 17 worki no days from the dm noted above_ P!=e ccntlc: :.':e c!e:i.--ir:;.�ouse .: you need further information or ldditional time for :eview. 

_C :-lo comment on t.'ill ;nojet:t 
:J ?-:cposal 's suppor.od is v.;itirn 
0 wmme:m as 111dicated below 

Comments: (1.:so o.cdit:onal she-:ts if ::e=a.ry) 

'! // - _, _ ____ e ��? 
" · - s· .  / • . .  · / - · 7 � ....--::.7 "ev:ewer � , gnature . . . . . ..... ... .. .. : ... �---'------: ______ .t:.-- _._ ___ -·-----·····------

/ I  
/ , / 

Title . . .. � .. . / . .. .. .. ��-:; . .. r . . •  :-. . . .  � . • . . .  :; .. � •••• ::_ •••. Tele;ihone_�-/?f}_i_ 
__ _ 



Northern Arizona Council of Governments 
P.O. BOX 5 7  • FLAGSTAFF, AZ - 8600 1 • ( 602)  774- 1 89 5  

WILL IAM C. WADE R egi o n a l A - 95 R e v ie w  EXE C U T I V E  D I R ECTOR 

TO : Ms . Jo Youngbl ood 
, Ari Lona State Cl e a r i n g h o u s e  

! 1 700 W .  Wash i ng ton , Room 505 
Phoen i x ,  AZ 85007 

P roj e c t :  F E A ,  Offi ce o f  P r i ce Reg u l a t i ons  
DE I S  for Cumu l a t i ve P ro d u c t i on/Co n s ump t i on Effe cts  o f  the Crude 

S . A . I .  # :  77 -80-0043 O i l  Pri ce I n cen t i ve Ru l ema ki n g s  

T h e  N o r t h e r n  A r i z o n a  Cou n c i l  o f  Go v e rnme n t s ( NACO G )  h a s  comp l e ted 
i ts A-95 Rev i ew and  Comme n t  upon t h e  a b o v e  p r oj e c t . Ac t i on taken  
o n  th i s  p roj e c t  no t i f i ca t i o n i s  a s  fo l l ows : 

D P r o p os a l  s u p por ted a s  d e s c r i b e d  o n  t h e  SF- 424 a n d  a ny a t t a c hme n t s . 

[:J P ropos a l  i s  s u p p o r t e d  w i th  ce r ta i n  recomme n d a t i on s , p r o v i s i on s , e t c .  

X No commen t .  

D Propo s a l  i s  not s up p o r te d . 

P l e a s e  b e  aware tha t NACOG r e s e rves t h e  p re r o g a t i v e  o f  ma k i n g  
ad d i t i o n a l comme n ts s hou l d  n e vi i n fo rm a t i o n  b e come a va i l a b l e to 
t h e  A g e n cy .  

The N o r th e r n  Ari z o n a  Cou n c i l  o f  Gove rnme n ts h a s  a p p r e c i a ted th i s  
opp o r tu n i ty to rev i ew a n d  comine n t  o n  th i s  p r o j e c t .  

I' �h: n

,

k r:� Qd_L 
Wi l l 1 am C .  Wade 
Execu t i ve D i rector Da te : Oct . 1 5 ,  1 97 7  

T H I S  A-95 REV!Ell  I S  S U PPORTED I N  PART B Y  A HUD 701 PLAN N I N G  GRANT . 



�ri zona Hur e m1 o f Geo o gy 
"[iner al Te chnolo�Y 

(:.;-i-.,��1 & 
SEP  1. 7 i'.'.177 Stata AZ No . 7 7 - 8 0 - 0 0 4 3  

f ' · · o na �·niver s i ty o t\L l Z  
,, - n Ar i zona 8 5 7 � 1  .. ucs o , 

F:qm: Arizona S tate C l e a=i::gl:ous e / 1700 West �ashi::gto:: S t= e e t ,  ?�o� 505 
I I Phoenix,  Arizona 8 5 CC7 

�--"R-cr.i,':';;"t;S CN A>J C,E -ro '. 
{-in. ,  \.0 i1..i... il\-""' 'N \  '"\.");--:.:-;.s i-t t::: r� ; V1;;r.:cro:'t.,. 

·1n1s ?!OJCC't i.s. ieferr:i:l to you for tevlew u::.d .:orri..ment. ?1e-i...se ev:tiuate a.s to: 

(1) the ?ro�.rn·s effect •;ion the ?b::.< :ind prcgr:u:u of your :g:nq 
('2) :..i'ie important� of !u wn:r-ibu:ion �o Stlte .?I,d/or 1re3w\C.e goals and objo:ct:ve:S 
(3) i� accord witl1 any lppii:::ible 1'1.w, order or :egulation with wbch you :;...-. fa:niliar 
(4) additional cor:.i�er::rion.s 

:C:: c on o m i c  S e c .  

Mine r al .P, e s  . 

Indian Affai r s  

Game & F i s h  

A g .  & H o :?: t .  

Az . Mir.ing A s s o c .  

A r i d  Land s S tud i e s 
Envi r onmental S tudi e s  

A r chae o l c g i c a l  R e  s e a r ch 

E d u c a ti on 

S o la r  Ene r g y  

Ene r g y  P r o g . 

H e a lth 

W ate r 

AO R C C  
Power 
Land 

SW Min e r als Exp l o r a ti on 
M u s eum of N o r t::ie rn A riz ona 

R e newable >! atu r al R e s our c e :>  

T r an s p o r tati on 

c��te � £er Pub ,. -�£:fai r s  
Atty Gen . 

Ad.min. 

Ern. e r g ency S e r v . 

AEIS 
Oil &: Gas C or.. s .  C omm 
Rev enue 

P a r k s  

OE PAD -
R .  King e r y  

B u r e au of 
Mine s 

6 R e g i on s  
?!e:ise remr.> TH I S  FIJ?J·1 AND ONE XE?,OX COPY ·--------------- to :he c!ear�'l·;!:o= no l:aer :h�:i. 17 wo r�<i no days from the date noted abo"•-?l� co:ltac: y"te dr:-".if.;:g..�ouse Lf you :i.eed :un!:er i.nfcr�::it�on or 3.ddi:ion�l :i111t for :e·:iew. 

C �!o comment on this �rojecr )f.. ?ropos:U is s�r-p�::-J � written 
0 Comr.ie:tts .u 2:1cik:1t.eri be:iow 

Commen�.: (1..'� additiooa! sh�ts ii ::.=.ssary} 

oaie ... -.. Lo_.l.�� .. b_-z. _____ _ 

Te!eFhon� .. fif:?.j::.J.:d.:t_ ...... - ._ 



TO: 
Dr . James Becker 

Center for Pub lic Affairs 

Arizona State Univers i ty 

Tempe ,  Arizona 85281 

Stato ApplJQUon Jd.,,�<r lSAl) 

SEP l 7 19n Stata AZ No . 7 7 - 8 0 - 0 0 4 3  

From:· Arizona S tate Clearinghouse 

E c onomic Se c .  

M ine ral R e s . 
Indian Affai r s  

Game & F i sh 

Ag . & Hort. 

Education 

Solar Ene r g y  
Energy Frog . 

Health 1700 West Washington S treet , Room 505 

Phoenix, Arizona 85007 

This project is referred to you for review J.IJd comment. Ple:i5e evaluate as to: 

(1) the program's effect 11pon the plan3 :uid prov.mis of your agency 
(2) the importmce o( iU contnl:lution to State and.for :ueawide goals /llld objecttves 
(3) ia accord with any applic:ible law, order or regulation with which you ue familiar 

(4) additional coiuideratiom 

Az . Mining As s oc .  
Arid Land s Stud i e s  
Envir onmental Studie s  

A r chae ological R e s ea r ch 

Wate r 
AOR C C  
P ower 
Land 

SW Mine r als Explorati on 
Mus eum of Northern Ariz ona 
R enewable Natural R e s our c e s  

T rans p o r tati on 

Center for Pub . Affair s 
Atty Gen . 

Admin . 

Eme r g ency S e r v. 

ARIS 
Oi l & Gas C ons . C omm 
R evenue 

Parks 

OEPAD -
R .  King e r  

B u r e au of 
Min e !  

6 Region s  
P'.ease retuni TIH S  FORM AND ONE XEROX COPY to the clearinghouse no tater than 17 worki na days Crom the date noted above.. Pleue contact the clearinghouse i! you need further information or additional time for review. 

0 No comment on this project 
. 0 Proposal is supported as written 

XXxriti Comment5 as indicat:d below 

Comments: (Uso additional sbeea if necessary) The statement ,  p. 2 of SUlllllla.rY of EIS ,  "the environmental 
impacts • • •  will not be signifi cant . "  incorrectly and unnecessaril1 understates 
the c entral fact that any and all environmental damage is significant . 
That statement should not be promulgated. 

Some discussion of the cont:bOl procedures for reducing environ.mental damag9 
would seem to be a most appropriate part of a summary document which has the 
assigned purpose of reporting about the contents of an environmental 
impact assessment .  Th e  summary o f  chapter VIII i s  include d ,  and does signal 
t hat such material is in the full statement. 

The SUID!Dar;y does not make clear that the total environmental damage of 
the total energy program , including oil pricing , in a variet1 of program 
alternatives , has been considered. Minimizing oil-pricing program impact 
may not minimize total energy program environmental damage . 

0a1e ftJ-'EI] 



M r . J o hn Jett, D i r e c t o r  
Mine r a l  R e s our c e s  D e partn1ent 
F a i r g r ound s ,  Mine ral Building 
1 82. G  W e s t  M c D o w e ll Ro ad 

Statl Application ,ld111tillcr (SN) 

SEP l 7 1�77 Stas• AZ No . 7 7 - 8 0 - 0 0 4 3  
Educ ation 

S o la r  Ene r g ;  
Ene r g y P r ag 

H e a lth 

From: L 'ho enix . A r i zona 8 5 0 0 7  
Arizona S tate ClearL•ghouse 
1700 West Washington S trse t ,  ;l.oom SOS 
Phoenix , Arizona 95007 

Thia project a referred t o  yo11 for review w comment. Ple:iso enlu.ue as to: 

(1) th11 prognm's effeti:t !lpon the plans :ond procxarus oi your igency 

(2) the imporlallca of its contribution to State and/or :ireawide goals and objectives 

(3) its accord with any ippliC:Lble law, order or r�lation with which you mi familiu 
(4) additional comldmitions 

E c on om i c  Se c .  

Mine ral R e s .  

Indian Affai r s  

Game & F i s l;i 
Ag . & H o r t .  
Az . Mining As s o c .  
Ar\d Land s S tudie s  
Env i r onmental Stu(" e s  
A r chae o l o g i c al R e s ea r ch 

W ate r 
A O R  C C  
P owe r 
Land 

SW Mine r als Explo r a ti on 
Mus eum of N o r the rn Ariz ona 

R enewable N atu r a l  R e s our c e s  
T r an s p o rtati on 

C ente r fo r Pub . Affai r s  

,Atty Gen . 

Admin . 
E me r g ency S e r v. 

ARIS 
O i l  & Gas C on s . C omm 
R evenue. 

P a r k s  

O E P A D -
R .  Kin g e  

B u r e au of 
Mini:: 

6 Regions 
PlaR nitur: irlIS FORM AND ONE XEROX COPY to the c1earin&llo11SO no tmr than 17 worki na days from tho date noted abo�. Please a>11tai:t the clcaringhollSO if you need further info rmadon or additional time for review. 

�"comment on this projeet �90sal is :u:pported lS writtlJU 
0 Comments lS indicated below 

Comments: (Uso additional lhects i1 ne=sazy} 

Da.1a-CZ:2:2. - 7._,__7 -

Telephon.r.:f.? /, J, .ZZ.!... __ 



; u: 

------- --- -----··· 

M r . An d r e w  L. B e ttwy 

C 
. D e pa rtmcnt of Land 

orn111 .  , 

l G Z4 W .  Adam s St.  , 4ih F l o o r  SEP  2 7 1177 7 7 - 8 0 - CJ 0 I+ ) 

From: 
1 . A 1·1· ., 011a 8 5 0 0 7  p 1 o c r11x , '' 

Ari�ona S tate. Cle�inghous·?. 
1700 \·;est 'rlasr:inst.on S t:::-e e t , !<com 505 
Phoenix , Arizon21 8 5 0 0 7  

Tnis pr:J_iect i�- rr-forr._d t o  yo :..1 for review md coni .... "Tlent.. ?!� �Yal�tc a.s to:  

(1) the ?rog:arn•s e-ffec-t upon t!-1.c ;:br.3 Jnd iJrcg:r:u:u of your 1gency 
(2) �he irnpo::t.::mc;; of :ts �ont:itn.:tion to State J.nd/or ire1wide goals J.nd cbjectives 
(3) its cccord wi:lt any 1pp[ic::bL lo:;.;, order or ;�-gt!iation with which you :4-e familiar 
(4) additicrd c;:;rwidentions 

Min e r a l  R e s . 
Ind i an Affai r s  

Ga.me &. F i s h  
A g .  &. H o r t .  

A z .  Mining A s s o c .  

Ar id Land s S tud i ·.! s  
Envi r onmental S tudi e s  

A r chae o l o g i c al R e s e a r ch 

·---�Ulu..: ::i t i o 1 1  
S o l a r  Z n e r >; y  

E n rc r g y  P r o g .  

H e a ltli 

W ate r 

AOI\ C C  

P ow e r  

Land 

S W  Mine r a l s  Expl o r ati on 

Mus e u m  o f  N o r th e r n  Ariz ona 

E e ne·wab lc Natu r al R e s our c e 3  

T r ans p o r tati on 

C e nte r for Pub . Affai r s  

Atty Gen. 

Adm in . 

En1e r g e n c y  S e r v. 

ARIS 
Oi l & Gas C on s . Com:r:--i 

R evenue 

P a r k s  

OEPA D -
R .  King e r � 

B u r e au o f  
Mine s 

6 R e g i on s  
P!c1sc remrr. TH I S  F09J,1 Mm 0( iE X'.::EOX C_OP� to the cfe:irfr1�house no bte:- than 17 ·.-IOrki na days from the date r.o ted :hove. Ple:.2se corit:ic:: t!�e ci�i:-.g1�ouse if you �e:!:tl furttet b . .fo ::mati.on or additional !ime for review. 

, .  ri �o comment on L.'1!3 ?roject 
C ?!aposal is s::.;-;-•crt� J.'i -..Titt�n 
C CJmm�nts 1S i!'ldi.::1.ted bcJow 

Ticie .. . A\ln\�nt_;;:t._rn .. t:hY.C'. .. '\;;.st.;!t§Pt 
St 3.t e Ia�1d D�p3.rtment 

Te!e�hor.e ... 2.7-L-�..62..5---··-·-····- __ _ 



Sta.te A;:r;n:ouon ,I::ei:�i:r ( SA..l ) 

::. :-1 8 .i  :::.r. J .. : :- c-:. .:.. rs Corcn i s s ion SEP  1 7  1q77 State AZ �o . 7 7 - 8 0 - C 0 4 3 
i (. ( 5  \·:�. : :  J ::.: f f c � s on S t .  
'--''-: :;e·: ' >: ,  l, Z 8 5 8 0 7  

From: A:=:i::cna. S tz.-=.e Clea=:..nc;!:cuse 

(1) 
c:: 
(: 
(-

1 7 00 Wes� Wast�:ns�on S t=eet , Room 5 0 5  

?�cenix , -��z�r.a 8 5 0 0 7  

:fe� t o  yo u  for :eview md CO!T'..ment. Pl� evah.:.ate a.s to: 

gra.."'Il's effect Uf'On �he pla�� :ind progr.a.� of your :tge:icy 

;:K)rta:nce o f  :ts cont:ibction to State 2nd/or J.reawide goals and objeCve.s 
.:ord w1t.'1 1ny lpplic:ibie L1w. ordet or regulation wirh whi�h you = fa;;:nli�r 

:lcr.a.i considen. tion.s 

E c on om i c  S e c .  

Mine r a l  R e s .  

Indi a n  _tjf a i r s  

Game & F i s h  

A g . & H o r t .  

A z .  Mining A s s o c .  

A r i d  Land s S tud i e s  

Envi r onmenta l Studi e s  

A r c hae o l o g i c a l  R e s e a r ch 

E ci u c a ti o n  

S o l a r  :::=ne r g y  

Ene r g y  ?r o g .  

H e a lt!-1 

W ate r 

AOR C C  

P owe r 

Land 

SW �iine r a l s  Explo r a ti on 

M u s eum of 0l o r the rn A r i z ona 

R e newab l e  � att.: r al R e s our c e s  

T r an s p o rtati on 

C en t e :r  f o r  Pub . Affai r s  

Atty Gen. 

Admin . 

Eme r g e n c y  S e r v .  

A R I S  

Oi l & G a s  C on s . C omm 

R e v enue 

P a r k s  

C E P A IJ -
R .  Ki::: g e r  

B u r e au of 

6 R e g i on s  

- = ::-: I S  FORM .1.ND ONE XEROX COPY t o  :he cle:ui:1g.�o us.. n o  !.:Im tban 17 ·..io rki na C c 'I S  :.--orn the dare noted ab o  
:e2 : :.":e deai.-irr�ous.e if you need further L.,.formarlon or :additicnal ti..9Tle for ;evicw. 

·:-: e nt on thi.! ;::rojec� 

.s suppor:ed. is v.rrinen 
oun�nts J.!i :r.diCJ.ted below 

. :nc=its: rt. .. ·se additional she:ts i1 necessa.rj} 

7itlc . . . . . . . . . . . . . . . ....... ..... - - - - · · · - · · · ·· · · · ·· · · - - - - - - - - - Tcfe-;r.or:: ...... .. ----------·· ---



TIJ: 

Mr. Frank Servin , Exe c .  Dir . 

District IV Council of Gov ' ts 

377 South Main St . ,  Room 202 

Yuma, Arizona 85364 
SEP 2 7 1977 Stu• AZ No • 7 7 - 8 0 - Q Q 4 3 

From: Arizona State Cle�inghouse 
1700 West Washington S t=eet , 
Phoenix, Arizona 8S007 

aco:n sos 

This prcj� is refeind :o you for review md comment. Pl=i.se 1JYaiuate ;is to: 

(1) the prcgnm's effect :ipcn the plans �rui prcgr:iI:tS cf your lg:ncy 
(2) the imporunc: of iU .;c nt:ibutioa to S�te a.nd/cr ueawide gow a.nd objectives 

(3) its ai:cord with lllY 1ppli.::ible !aw, order or �laticn witll wlli'h you ue fam� 
(4) additional ooruideations 

E c onomic S e c .  

Mine r a l  R e s . 

Indian Affai r s  

Game &: F i s h  

A g .  &: H o r t .  
Az . Mining As s o c .  

Arid Land s S tud i e s  

Envi r onmental S tudie s 

A r chae ological R e s ea r ch 

Educati o n  

S o la r  Ene r g ·  

Ene r g y  F r og 
H e a lth 

W ate r 

AOR C C  
P owe r 

Land 

S W  Mine r als Exp l o r ati on 
Mus e um of N o r the rn Ariz ona 

R e newable >r a tu ral R e s our c e s  

T r an s p o rtati on 

C ente r for Pub . Affai r s  

Atty Gen. 

Adm in . 

Eme r g ency S e r v. 

ARIS 
Oil &: Gas C on s . C omm 
R evenue 

P a r k s  

OE PAD -
R .  Kin g e  

B u r e au of 
Min. 

6 R e g i o n s  
?!ease recur.: ii-! IS FCRM A.ND ON E  XEROX COP Y to the c!earfa�ou.se no !mr than 17 work in a c!ays from :ne date no ted <bove. l'!e::ue contac:: the c!e:uingl:.o<!Se if you need fu..."t!ler lr.io rm3tion or additional :ime fer :eview. 

�>lo comment on tJW �rcjea 

0 ?:-opoul is 11lpport:d u wtitten 

C C:imments � ir.di.::ited beiow 

Comment.s: (t:so additional sheets i1 nc=ar1) 

-, .1 . .  , ........... . 

D1�·--····--··--··---··--·--·----·· 

Teie:iricn� ........ ______ ----- ····-··· 



State Ap-pUi;J.uon .I�c:iC.::cr tSA.l) 

' · r · -'  

A::i.:cna 

' : °'c' �':Y/ '  
' : � \ '. ! , . ,  " 

Clea::-i.n<;r.ouse 
1700 ;·ie s t  "dashi.:'!<;to:i S t::-ee i:: , ?.oo::1 5 0 5  

?hoe:i=� x ,  A=:.zcna 

Tiiis prnject £l- referred to yot! for :eview md �rriment. ?1e->�e i::vall.l.ilte as fa: 

(1) :!'le ?ro�:::i 's eff'!Ct !.lpon the �L:ir.3 lr.d ;irognm.s of your 1gency 
(:) ·.�e import.inc� at :ts '°nt::bution to State ar.d/or �reawide goals and abjective5 
(3) '.ts lCCOr<! ·.vit!! any lpplic::i.ble lo.w, order or regulation with wttich you m: famililr 
(4) J�dit.torul con.sident:ions 

State AZ �lo . 7 7 - 8 0 - 0 0 4 ) 
E c onomi. c S e c .  

Mine r al R e s . 

Indi an Affai r s  

Gam e & ?i s h  

Ag . & H o r t .  

A z .  M ining A s s o c .  

A r i d  Land s S tud i e s  
E n v i r o nme n t a l  S tud i e s 

A r chae o l o g i c al [;: e s e a r c11 

_::._::::u c a ti o r-i 

S o L r  :C::ne r Q.  

E: n e r g y ? r '· 

H e o. l th 

'\V ate r 

A O F = C  

r_) o,v e r  
L a .. :: r. 

SW Min e r als Explo r a ti on 

M u s e u m  of N o r the r n  .!.. r i z on3. 

R e newab le >! atu r 3. l  E e s our c e .' 

T r an s [:J o r tati on 

C e n t e r  f o r  Pub . _.\£f ai r s  

Atty Gen . ? a r '<. s  
Admi n .  O E ?  . .\ .:J -
Eme r g en c y  S e r ?. 

ARIS 
Oil & Gas C on s . C ornn 

R e venue 

:z . ?<:.:.n i.-z ·  

B u r ·� :·cu of 
: ,f: , .  

�·.J � - ,.OPJ1 A 'lD 0""" '('"'OQ '( coov ?�e:i� retur.:. ; 1 · � �  i 1 ' . 1  1 � c  ' :.  . .. J ' 1 to the de:iring.!'!ou.se no l:iter than 11 1,�orkl na dc.ys trom che d:ue :ioted iboV""� 

?;e13e ccn:lc: :he :�e:iringhou.se: �: you :i.eed :'":u-:her i.nform:it�on or 1dditional time for review . 

. X :.fo comment an um proj�t 

:J ?7'.Jposal is '":;;:ort:>d is "'mtten 
C: C.orr:r:ie'1tS J.s indicted odow 

Comrnc:-:.tS: ('T..J:se 1dd1tional sh�� il r:.ec:ssary) 

) l ( . ·. 

Reviewer'1 Sign�ture .. .. J\ ... :.J:.02.��-'::_�_.:��) . . r;;iJl:= .... 

• 

; ' '' ! STANT [.I 
.• 1 .. c:.JA ri:T 

·• l; 1 I ; � V i i  . 

:r:TOR 
')I' l 1 C ·\Ll t l  S E R V I C � S  

d M L i'-J l l"L l l � f\Ll ! \  �-. c :. :V! '"'':�; 

O C\ I� lS77 
Da1.e. ··-····--··--····- - · · - - .  - ·  ·----



TO; 
Dr . R .  Gwinn Vivi-an 
Ari zona S tate Archaeo l o g i s t  
Ari zona S t ate Mus eum 

Tucs on , AZ 85 721  SEP 1 7 i�77 St••• .\Z No . 7 7 - 8 0 - 0 0 4 3  

From: Arizona S tate C lea=inghouse 

1700 West Washi�gton S t=eet , Room SOS 
Phoenix , Arizona 8SOC7 

This project is referred to you for ;eview ;ind comment. Pl� evaluate u to: 

(1) the program's effect upon t.":e ptaiu lnd prograr::is oi yo11r :igency 
(2) :he importanc: of its con:ribution to State and/or =a wide goals �d o bjectives 

(3) its accord with 1ny apptic:ib!e Ll.w, order or regulation with whic!t you ue familiar 
(4) additional consider:otioru 

E c onom i c  Se c .  

Mine r a l  R e s .  

Indian Affai r s  

Game &: F i s h  

Ag . &: H o rt .  

Az . Mining A s s o c .  
Arid Land s S tud i e s 

Envi r onmental Studi e s  

Archa e o l o g i c al R e  s e a r ch 

.C:: ciuc ati o n  

S o lar Ene r g y· 

Ene r g y  P r o g .  

H e a lth 

Wate r 

A O R C C  
P owe r 

Land 

SW Mine rals Explorati on 
Mus eum of N o r the rn Ariz ona 

R enewable N a tu r al R e s our c e s  

T r an s p o rtati on 

C en te r  fo r Pub . Affa i r s  

Atty Gen .  

Admin . 

Eme r g e n c y  S e r v. 

AR!S 
Oil &: Gas C ons . C omm 
R evenue 

P a r k s  

OE P A D -
R .  King e :· 

B u r e au of 
Mine 

6 R e g i on s  
P'.e:ue mum TIH S  FORM ANO O N E  XEROX COPY to the cteuinghouse no I:iter th:in 1 7  v1orki n o  days r.-orn the date no tee above. 
P!=sc oontac:: the ;leuinghouse if yo11 :ieed fur.h:l' ir.formation or ldc!itional time for ::view. 

0 No comment on this ;iroject 

0 i'ropoS3.l is si:ppori::tl 2.S written 
fl wmments ;J.S indicated 'oelow 

Comments: (Use additional she:ts if ne=ary) 

\ 

O n -s i t e  i ns p e c t i o n  to d e t ermine probab i l i ty of advers e imp a c t  on c u l t ur a l  

resources should pre ce d e  land mod i f i cat i o n  and d ev e lopment s .  The a p p l i-

cat i o n  s h o u l d  be d e n i e d  unt i l  e v i de n c e  of s uch i ns p e c t i o n  is prov i d e d .  

....... ,., 5; '""�-- ---···-··)2-.&1,�-=·---······-··-··········---·--

/ 

Te!ephone .... 8.3.4..:;l] 6 l _________ _ 



0: 
----- - - --------·-

Staie AP'PliQtion ,Jd=>ti.dcr (SAl) 
D i n· 1 . \ l l 1 - ,  �; i: ,\ c » C l  

l I ;..:; :\ 1
· i /, o n  a �:; t r 1 .  1 . , t SEP 2 7 1977 State AZ No . 7 7 - 8 0 - 0 0 4 J 

From: 
� " i ,_, � ) ( ' l ' , /'J._ r i z l > ri :_:. 

' , , ,., r ,  r r r T 

Arizona State Clearinghouse 

1700 West Washington Street , 

Phoenix, Arizona 9S007 
Roo:n SOS 

This project Ls. referred to you for review :ind comment. P!=ise ev:iiuate a.s to: 

(1) tha program's effect �pon the plans lnd programs oi your lg ency 

(2) the importance oi iU contnbutioa to SQte and/or :ireawide goals and objectives 

(3) its accord with any applic:ible Ll.w, order or regulation with which you = familiar 

(4) additio nal considerations 

E c onomic S e c .  

Mine ral R e s . 
Indian Affai r s  

Game & F i s h  

Ag . & H o r t .  
Az . Mining A s s oc .  

Arid Land s S tudie s 
Envir onmental Studi e s 

A r chae ological R e s ea r ch 

E ducati on 

S olar Ene r g y  
E ne r g y  P r o g . 

H e a lth 
W ate r 

A O R C C  
P owe r 
Land 

SW Mine r a l s  Exp l o r a ti on 
Mus eum of N o r the rn Ari z on a  

R e newable N atu ral R e s our c e s  

T r ans p o r tation 

C ente r for Pub . Affai r s  

Atty Gen. 

Adm in. 
Eme r g ency S e r v. 

ARIS 
Oil  & Gas C o n s . C omm 
R e venue 

P a rk s  

O E PA D -
R .  King e r :  

B u r e au of 
Mine :" 

6 R e g i on s  
?!C338 return TI-I I S  FORM AND ONE XEROX COPY t o  the cte:iringhou.se no tater than 17 worki no days from the date noted abo.,.,. ?!ease contact the c!euingho u.se if you need further information or additional time for review. 

/ 
z:(No comment on tlili project 

0 !'roposal is supported J.S written 

0 Comments as indic:ited below 

Comments: (Use additional sheets i1 necessary} 

,{, ,:) -2 - C/f ,? 
Tele;;none ........ ..: ... . : ... . 



(M;: R.o'"g-;;'"r-'B:�;·t.;- Actin�tcEie['"" 
10f£ice  of Planning 
1 Dept. of Econ . Security l 1 7 1 7  W. Jefferson 
] Phoenix , Ariz .  8 5 0 0 7  ! 
L,.__�----

Fnm:: Arizona st:ataClea-.....f:qlioUS-e.--
l.7aa, West: Washington Streat,, Rcoa. SOS: 
Phoenix� Arizon� 8SOQ7 

(11 thaprog:mr�s effect upon t.'le:plansand: progmr.lS of youngem:r 

SEP 2 8 197'1 

SEP 1. 7 1977 7- 8 0 - 0 0 4 3' 
E conomic Sec. 
Mineral Res. 

Indian. Affairs 

Game &. Fish 

Ag . & H o rt-

Az� Mining As soc. 

Arid Lands S tu.die s 

Enviromnental Studies 

Archaeological Research 

Education 

S olar Ene rgy

Energy- Prog . 

Health. 

Water 

AOR C C  

P ower 

Land 

SW Minerals Exploration 
Museum. of Northe rn Arizona 

Renewable N atural Res ource s 

Transp o :rtp:ion 

Center for Pub . Affairs 

Atty Gen� 
Admi.n. 

Parks 

OEPAD -
(21 thll'imporw:=oi iu cnntributian ti> Sb.ti:and/cr :ireawide-goalund. objec:±ves (3} its aa:an±. witlr any appW::ib� !a.w. otd= or regulation. witlI. whidt you. � familia.t (4}' ulditianzl.amsideratians;. 

Emergency- S erv. 

ARIS 
Oil &: Gas. C ons . Comm 

Revenue 

R .  Ki.nge:r 
B ureau of 

Mine � 

l"..e:aa ret= TIHS: FORM ANO ONE XEROX COPY ta the: ct�1:touse- 11o. t=r than. lT worki ncr Ple:ise ca mac: � clearinghouse. if you. need. further infoan:ition or additional time- :Or re-tiew:. 

�oatha projet:t 
0: Pro�sal iuuppcmed. as wnttem-
0. Commoncs u. indicated. bela• 

RECEIVED 
SEP. 3 0 1977 

SPECIAL PF!OGRAMS BUREAU 

6. Regions 

days fronr the-date- noted abo� 



T0: 

Mr .  Frank Servin , Exe c .  Dir . 

District IV Council of Gov ' ts 

377 South Main St . , Room 202 
Yuma , Arizona 85364 

Arizona S tate Cle?.=i..�ghouse 
1700 West Washi�gton S t=eet , 
Phoenix , Arizona 8 5 0 0 7  

Rc o :n  505 

SEP 2. 7 1q77 St:uo AZ �o . 7 7 - 8 0 - 0 Q 4 ) 
E .:: onomic S e c .  

Mine r a l  R e s . 

Intlian Affai r s  
Game & F i s h  

Ag . & H o r t .  

Az . Mining As s o c .  
Arid Land s S tud i e s  
Env i r onmental S tudi e s 

Ar chae o l o g i c a l  R e s  e a r  ch 

..:..ciucat�on 

S o lar Ene r g  

E:r:.e r g y  P r o g 
H e a lth 

W at e r  

AO R C C  
P owe r 

Land 

SW Miner als Exp l o r a ti on 
Mus eum of >l o r the rn Ariz ona 

R enewab le >l atu.ra.l :2. e s our c e s  

T r an s p o r tati on 

'This project � �ferred to you for ;evi:w and ccmment. ?l=e e"ta.1uate u to: C en t e r  for Pu";:i . Affai r s  

Atty Gen. P a r ks 

OE PAD -(l) the Y.CiI3IU's effi:ct u;:on t!t.� ;:lan.s and prov:i= ai your 1genc"f 

(2) tl1e importance or iU conL-:ibution to St.:ite utd/or :ireawide goals md objectives 
(3) i!3 accord with 1llY 1ppllc:ible !aw, order or :egula.tion wit!l wttic!I you :i.r= farnllfar 
( 4) ad di tic na.l ccnsid en tic ns 

Admin. 

:Sme r g en c y  S e r v .  

. .\RIS 
Oil & Gas C on s . C omm 
R evenue 

R .  �in g e  

B u r e au of 
).fine 

6 R e g i on s  
!'!ease "'tur.: nHS FCRM .:l.ND ONE XEROX COP Y  t o  the cteari."l&.o u..e no !mr t'"a" 17 ·work1· ,.., a  "ay' s · � "' - " 1..; _ r..�m the date not::l l!lcve. ?le:ue c:Jntac: U:e ;!e:i�.npou.se ',! yo11 need :u.-r!:er inioml3tion or a.Qd.itional time for ::view. 

� ::io comment on this proj� 

0 ?:oposal is suppor:::d JS written 
C Comments :u 1r.dic:ite:d 'Je!ll•v 

Comments: (t:so ad�ir.ional sheets i! n=ar;} 

-�---· --/ / '., 
?.:·1 te•.v e-: · ;  :;·. �:i � � ·: ;� .. � : .••.•. ��:. •.• �-���-�:::::_ _ _____ ..••• �----�--�-·:.:�::�:.::_ ______ -----·--·-··· . . . . . . •  ··--·--

I . ; ( '. '!  . . . • . . . • . . . . . . . . • • . .  

D:ite. __ •.. �--- ··--··---··-----·---·---· 

--, 



OMS Appi"'oval No. 29-R02 1 8  
a .  Number 2. a. N umbet 3. State FEDERAL ASSI STANCE Applicant's application AZ 7 7 - B 0 - 0 0 4 '5  

application identifier 

� .. 
0 

.! c. 
� � a: -
" � 
.::! Q. " 
<t -" g 
u � 'Jl 

, . Type Of 0 Preapplication 
b. Date b. Oate ,rear month dav 1 9  1 9  7 I o  9 j Action [29 Application Year Monrli Day Assigned 

��;::priate 0 Notification Of Intent (Opt.) 

box} 0 Report Of Federal .Action 

4. l.eqal Applicant/Recipient 

Leave 
Blank 

a. Applicant Name : Fede ral Ene r g y  Admini s tr ati on 
5. Federal Employer Identification No. 

6. Program b. Organization Unit : Offi ce of P rice Regulati ons I 8 1  Ol • I  0 I 0 j l c. Street/P.O. Box : 2000 M Street,  N . W .  (From a. N u.mber 

d. CitY e. County : Federal : Washington b. ntte St. Ene r gy Catalog} 
f. State : D . C .  g. Zip Code : 2046 1 Con s e rvati on Pro�.  
h .  Contact Person : Eugene Glas s  FEA, C ffice of Ene r g y  C ons . (Name &: r�lephone no.J ( 2 Q 2 ) 2 54- 7 4 7 7 and Em i r onment 7. nt1e and description of applicant's project D raft Envir onmental 8. Type of aggficant/recioient 

C onsumktion Effe cts of the C rude Oil Price Incentiv c:s:'.:::�:·o;nnct Impact State re ent for the Cumulative P r oduction/ t :1'"' 
R 1 · 0-Countv u ema ing s e-citv F - Sd'toot Oianct 

G-Speci•i Puroose Oittr1C1 
H-Commun1ry Action A.4ef\CY 
1- Mtgh9f' Eduai"on.I 

lntt1tut1on J- lna11n Trib9 K-Otner 
_·p::_�X�d_ E� �l:.8]� .:,\_:1IE.tit_� i�_-e_l_e��I1�i!J-�� -I1:e.� s et , _ . '!;'.,. ,.< ,,. � � 1  [)�fi'.cy'"" �nc{ t'0";5er\i-�ti��'".Acti-'("EP�AY &.., th� ... 'EJJr g y  I 1 ,:,peci1_y): - - - - � 

- -
Enrer approµr111re letrer (g] 

C ons e rvati on anci P r oducti on Act ( E C PA ) , is intendeldl. Type ot assistanca 
to ameliorate tJ1e iml?iact of Jnilatior, & �r ovide I A-8as1c Grant D - l n sura n ce  ad itiona p rice ince tive s or cru e oi pr oducti on. 8-Su polementa! Grant E-Other LJ C- Loan Enrer appropriare lerrer(sj 1 0. Araa of project impact (Names ofcities, counries.srares, erc.J 1 1 . 

S tatewide , Ariz ona 13. Proposed Funding 1 4. Congressio nal Districts Of: 

Estimated number 1 12. Type of application 
of P•ro;on• A-New C - Revision E- Augmentat ion 
benef1t1ng 8- Renewal D-Contin uatton Enter appropriare /errer []. 

I 15. Type of change For I 2c or 1 2e 

a .  Federal i $ .OOI a. Applicant b. Project I A-Increase Dollars F-Other Specrfr I 8- Decrease Dollars b . ..... �.fo1nt • 
c. State 
d .  Local I 
e.  Other I I 
f .  Tata! s 

.001 Multi 

.001 16. Project Start 
O� Date Year month day . 1 9  

.OOl 18.  Estimated date · 
to be submitted .OCl to federal agency 1 9  

17 

20. Federal agency to receive req uest (Name, cuy, sra re, zip code) 

Fede r al Ene r gy Admin. 

Multi 1 C- l n crease Du rat ion 
Pro1ect I D- Decrease Du rat io n E-Cancel lat ion Enrer appro· 
Duration Jfonrhs priare ierrerf sj ITIJ 
l'ear month dare 19.  Existing federal identification number 

1 21 . Remarics added 

C Yes 0 No 

2 7 

= I  22. a. To the best of my knowteage a n d  
belief, data i n  t h i s  preapp!1cat1on/ 

b. I f req u i red by OMS Ci rcu lar A·95 this a p p l i cation was submittea, .Vo R esponse 
o .  pursuant to inst ructio ns  therei n ,  to appropriate clearinghouses a nd response au.:iched ; I The

. application are true and correct, t h e  all  responses a re attached: 
::! I Applicant document has been du ! y authorized ( 1 ) 0 0 :; · Certilies oy the governing body of :he apoi 1·  
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STATE OF FLOR IDA 

ltpartmtnt nf �llmint.s trattnn 

R. G. Whittle, Jr. 
STATE PLANNING DIRECTOR 

Mr . E u g e ne Gl a s s  

Division of  State Planni ng 
660 Apalachee Parkway - IBM Building 

TALLAHASSEE 
32304 

( 9 0 4 )  4 8 8 - 1 1 1 5  

December 8 ,  1 9 7 7  

O ffi ce o f  Pri c e  R e g u l a t i o n s  
Fe d e ra l E n e rgy Admi n i s t rat i o n  
2 0 0 0  M .  Stree t , N .  W .  
Wa s h i n gto n , D .  C .  20461  

De a r  Mr . Gl a s s : 

Reubtn O'D. Askew 
GOVERNOR 

Lt. Gov. J. H .  •Jt m "  W l l l tams 
SEUETARY 0, AOHJNISTlATION 

F u n c t i o n i n g  as t h e  s ta te pl a n n i n g a n d  devel o pme n t  c l e a ri n g h o u s e  
con temp l a ted i n  U .  S .  O ffi c e  o f  Ma n a geme n t  a n d  B u dget C i rc u l a r A- 9 5 , we 
h a v e  re v i ewed t h e  fo l l ow i n g  d ra ft e n v i ro nme n t a l  i mpact s tateme n t : 

T h e  Cumu l a t i ve Pro d u c t i o n / Co n s umpt i on E ffec t s  o f  t h e  Crude O i l 
Pri ce I n c e nt i v e R u l ema k i n g s  SA I 78-0494E 

Duri n g  our  r e v i ew we referred t h e  en v i ro nme n t a l  i mp a c t  s ta teme n t  
to t h e  fo l l o wi n g  a ge n c i e s , w h i c h  w e  i d e n t i fi e d a s  i n te r e s t e d : Depa rtment 
of E n v i ro nme n t a l  Re g u l a t i o n , D e p a rtme n t  of Natural  Re s o u rce s , Depa rtme n t  
o f  S t a te , P u b l i c  S e r v i ce Commi s s i o n , a n d  Depa rtment o f  Admi n i s t r a t i o n ; 
State E n e rgy O ffi c e . Age n c i e s  were r e q u e s t e d  to re v i ew t h e  s t a teme n t  a n d  
comm e n t  o n  po s s i bl e  e ffe cts t h a t  a ct i o n s  contemp l a t e d  c o u l d h a ve o n  matters 
of th e i r co n c e rn . 

O u r  re v i ew fi n d s  t h a t  n o n e  o f  t h e  a b o v e  i de n t i fi e d a g e n c i e s  h a v e  
a n y  comme n t s  re g a rd i n g  yo u r  docume n t  a t  t h i s  t i me .  I f  t h i s  a ge n cy re ce i ve s  
a n y  comme nts p erta i n i n g  to th i s  Dra ft E n v i ro nme n t a l  Impa ct S t a teme n t , we 
s h a l l fo rwa rd t h e m  i mme d i a t e l y .  

I n  a c c o r d a n c e  wi t h  t h e  Co un c i l o n  E n v i ro nme n t a l  Qual i ty g u i de l i n e s  
c o n c e rn i n g  s t a tement o n  p ro po s e d  fed e ra l  a ct i o n s  a ffe cti n g  t h e  e n v i ro nment , 
a s  r e q u i red by t h e  Nat i o n a l  En v i ro nmental  Pol i cy Act o f  1 9 6 9 , a n d  U . S .  
O f fi c e  o f  Mana gement a n d  B u d g e t  C i r c u l a r  A- 9 5 , th i s  l e tter s h o ul d be 
appended to t h e  fi n a l  e n v i ro nme nta l i mp a c t  s tatement on th i s  p ro j e c t . 



M r .  E u gene  Gl as s 
December  8 ,  1 9 7 7  
Pa ge 2 

We req u e s t  that yo u fo rwa rd us  c o p i es o f  t he fi n a l  e n v i ro nmen ta l i mpact 
sta teme n t  p re p a re d  o n  t h i s p ro j ect . 

RG\�j r/\·JO K/ba 

cc : Mr . Jack P .  Dodd 
Mr . Jo s e p h  W. La nders , J r .  
Mr . Lo r i n g  Lo ve l l 

S i n cerel y ,  

f,-;;:�1/r 
R .  G .  Wh i tt l e ,  J r . 
D i  recto r 

Mr . Ha rmo n S h i e l d s  
Mr . Ro be rt Wi l l i ams 
Mr . Wa l te r  0 .  Ko l b  



STATE OF ILUNOIS 
EXECUTIVE OFF1CE OF THE GOVERNOR 

BUREAU OF THE BUDGET 
SPRINGFIELD 62706 

October 2 6 , 1 9 77 

Mr . Eugene Glass 
Office of Price Regulat ions 
Federal Energy Adminis tration 
2 000 M S treet , N . W .  
Washington , D .  C .  2046 1 

RE :  Draft Environmental Impac t  S tatement for the Cumulat ive Production/ 
Consump tion Effect s  of the Crud e  Oil Price Incent ive Rulemaking 
DEIS #7 7-09-0 1 1  

Dear Mr . Glass : 

Pursuant to the National Environment al Policy Ac t (NEPA) , OMB Circular 
A-95 (revised ) and the administrative policy of the Stat e , the refer
enced subj ect has been reviewed by the appropriate State a genc ies . No 
corrnnents were made on the referenced subj ect . 

Thank you for your as sis tance . 

TEH : mc 

Respec tfully yours , 

--......--��� "\ - .. � . . 
--,�-� -

T .  l:, Hor�b� er , Direc��;�· 

Illinois State Clearinghouse 



Joteph P. T ealdale 
Governor 

Mr . Eugene G l a s s  

• . " 
' 

State of Missouri 
OFFICE OF ADMIN ISTRATION 

Jefferson City 65101 

October 19 , 19 7 7  

Office o f  Price Regulations 
Federal Energy Admini s tration 
2 0 0 0  M Street , N . W .  
Wash ington , D .  c .  2 0 4 6 1  

Dear Mr . Glas s : 

Sub j ec t : 7 7 0 8 0 2 5 2  

Gary 0. Pallmore, Director 
Division of Budget and Planning 

The Divis ion of Budget and Planning , as the des ignated S tate 
Clearinghouse , has coordinated a review of the above referred 
draft environmental impact s tatement with· various conc�rned or 
affected state agencies pursuant to Section 1 0 2 ( 2 )  ( c )  o f  the 
National Envi ronmental Pol icy Act .  

None o f  the s tate agencies involved in the review had conunents 
or recommend ation s to of fer at this time . 

We apprec iate the opportunity to review the statement and ant i �  
c ipate re ce iving the f inal environmental impact statement when 
prepared . 

S incerely , 

\ 0/ -/,' ' ;£1__£_f!/;.( ,X<---, J"-f_//_/}_."j GeorgeOLineberry c::7 
Chie f ,  Grants Coordinat ion 



PAT R I C I A  Q. S H E E H AN 
C OM M I S S I O N E R  

Mr . Eugene Glass 
Office of Price Regulations 
Federal Energy Administrat ion 
2000 M Street , N . W .  
Washington , D . C .  20461 

RE : OSRC-FY- 78-1 9 7  

Dear Mr . Glass : 

September 9 ,  1 9 7 7  

3 6 3  WEST STATE STREET 
POST O F F I C E  BOX 2 7 6 8  

TRE NTON, N.J. 0 8 6 2 5  

This will acknowledge receipt o f  your recent Proj ect No tification 
f o r  the Draft Environmental Impact Statement for the Cumulative 
Productive/ Consump tion Effects of the Crude Oil Price Incent ive 
Rulemakings . The p roj ect has been des ignated applicat ion OSRC-FY- 7 8-1 9 7  
for all future references . 

We have circulated this Proj ect No tificat ion to the appropriate 
State agencies for review and comment . We anticipate no problems 
during the review phase , but should any conflicts or issues arise ,  it 
will be necess ary to schedule a conference in o rder to resolve the 
issues p rior to the issuance of a Letter of Certif icat ion . 

JE : b r  

Very truly yours , f n" ii &,y, ir, 
Jerr? H .  Eure , S r .  
Supervising Planner 
Proj ect Review Section 
Division of State and 

Regional Planning 



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

STATE O F  N EW M EX I C O  

�-) �·�·� 
ENERGY RESOURCES BOARD 

Ms . Kate Wi cks 
Sta te P l anni ng Offi ce 
505 Don Gaspa r  
Santa Fe , New Mex i co 87 503 

Dear Ms . Wi c ks : 

P O ST O F F I C E  B OX. 2 7 7 0  

SANTA FE 8 7 5 0 1  
T E L E P H O N E: 1 5 0 5) 8 2 7-2 1 4 6  

.J E R RY A P O DACA 
13 0VER N O R  

October 1 4 ,  1 97 7  

I have revi ewed the  report enti tl ed " Factors Affecting  Worl d Petro l eum 
Pri ces to 1 985 11 , and was i mp res sed wi th the amount of i nformati on i t  
conta i ned . 

S i nce there i s  no i nternati ona l free market i n  o i l a nd s uch  unpred i ctabl e 
fa ctors as  pol i t i cs , actua l  and threatened embargoes and  technol og i ca l  
devel opmen t may b e  t h e  ma i n  underl y i ng forces beh i nd future s h i fts i n  
the economi c s  of o i l ,  the petro l eum demand , supply and pri ce forecasts 
devel oped i n  the report cannot ha ve as  h i g h  a degree of rel i a b i l i ty as 
one may want  to have for such  a key determi nant of our energy future . 

The report , neverthel ess , can certa i n ly  be empl oyed for pl ann i ng purposes , 
parti cul arly wi thi n  a s hort term hor i zon , and i ts u seful ness as  an i nforma
tional  and  p l ann i ng tool cou l d  be i ncreased further wi th the publ i cation  of 
annua l l y  upda ted vers i ons . 

S i ncere ly , 

�-�/4' 
GED! C I BAS / 

,J-
GC/vm 



ST ATE OF NEW MEXICO 

STATE P LAN N I N G  O F F I C E  

LEILA AND REWS 
STATE PLANNING OFFICER 

Mr . Eugene Glass 
Off ice of Pr ice Regul at ions 
FeLleral Energy Adminis tration 
2000 M Street , N . W .  
Washington , D . C .  20461 

Dear Mr . Gla s s : 

GREER B U I LDING 
505 DON GASPAR AVE. 

SANTA FE 87503 
(505J 827-2073 

October 2 1 , 1 9 7 7  
JERRY APODACA 

GOVERNOR 

We have reviewed the draft environmental impact s tatement for the Cumul at ive 
Product ion/Consumpt ion Effects of the Crude Oil Price Incentive Rulemaking s . 
We distributed copies of the s tatement to the Pub l ic Service Commiss ion , the 
Envi rorunental Improvement Agency , and the Energy Re sources Board . The comments 
of the Energy Resources Board are enclosed ;  the Pub l ic Service Commi ss ion and 
the Envirorunental Improvement Agency have no connnents . 

/""! 
We were especial ly interested(in the report ' s  handling of the large amounts of 
water u'sed by many o i l  recovery methods . We feel that more emphasis should be 
placed on the concerns o f  increased use of freshwater suppl ies , especi al ly in 
areas that are pres ent ly experiencing drought , such as Cal i fornia .  The quest ion 
of how added o i l product ion will or wi l l  not o ffset the loss of freshwater 
should be answered on a case by case bas i s . Al so of interest on a case by 
case b as i s  are the pos s i b i l ities of groundwater supply contaminat ion and l and 
sub s idence . 

Thank you for the oppo rtunity to review this s tatement . 

K1\i : anne 

S incerely , 

Kate Wickes 
Re s ources Planning 



STATE OF NEW MEXICO 

STATE PLANNING OFFICE 
�--------------�--------------------� 

TO: 

Jerry Apodaca 
GOVER N O R  

Leila And rews 
STATE P LA N N I N G  O F F I C ER 

Federal Energy Admi n i s trati on 
2000 M Street NW 
Was h i ngton , D . C . 20461 

Attn . Mr . Eugene Gl as s 

FROM: The State Planning Office (State Clearinghouse) 

STATE APPLICATION I DENTIFIER (SAi): 8 09 1 1  062 

SUBJECT: RECEIPT OF APPLICATION NOTIFICATION 

State Clearinghouse 
TEL. 505-827-2073 

GREER B LDG. 

505 DON GASPAR 

SANTA FE, N EW M EXICO 87503 

DATE: Sept . 1 4 ,  1 9 7 7  

Project Title: Crude Oi l P ri ce I n centi ve Ru l emak i ngs 

Federal Funding Agency Federa l Energy Admi n i strati on 

Clearinghouse Staff Contact: Jon Samue l son 

The State Application Identifier (SAi) has been assigned to the project. All future correspondence 
on this project must include this identification number. 

The Notice of Intent Form MIS· I for the above project was received by the State Planning Office (State 

Clearinghouse) on 9-1 4 . 
Date 

The review of this project has begun at the state level. You may expect notification of completion 
of the initial review by ___ _,_l-=-0_-__,_l _,_4 _____ _ 

Date 

Your application package should also be submitted to the clearinghouse(s) checked (x): 

01 0 STATE CLEARI N G H O U S E  

1 0 0 SAN J UAN R EG. C O M M .  

1 1 0 MCKINLEY AREA C O G  

20[J NC N M EDD 

30C::: MRGCOG 

40CJ EPCOG 

See other side for names and addresses of the clearinghouses. 

500 SWNMCOG 

51 [J S RGCOG 

60D S E N M EDD 

MIS-2 
REV. MAY. 19n 



North Carolina rllllll'O� 
Department of Administration� 

James B. Hunt, Jr., Governor 
Joseph W. Grimsley, Secretary 

Novembe r 4 ,  1 9 7 7  

Mr . Eugene G l a s s  

1 16 West Jones Street Raleigh 27603 

Division of Policy Development 
Elmer Johnson, Administrator 
( 9 1 9 )  733-4131  

O f f i ce o f  P r i c e  Regu l at i on s  
Fede r a l  Ene rgy Admi n i s t r a t i on 
2 0 0 0  M S t reet , N .  w .  
Wa s h i n gton , D .  C .  2 0 4 6 1  

D e a r M r . G l a s s : 

R e :  S C H  Fi l e  N o .  1 4 8 - 7 7 ; Dr a f t E I S  

The Cumu l a t i ve Prod uct i on/ Con

s umpt i on E f f e c t s  o f  the Crude 
Oi l Pr i ce I n cent i ve Ru l emak i ng s  

T he S t a t e  C l e a r i ng h :::i u ::;; c ha. s r e c e i. v e d  a nd r e vi e w e d  t h e  a b o v e  
r e fe r e n c e d  p r oj E.: c t .  A s  a r e s u lt o f  t hi s r e vi e>v ,  t h e  State 

C l e a r i ng h ou s e  fi nd s t hat n o  c omm ·'� nt is n e c e s s a r y on t hi s  
pr oj e c t  a t t h i s  tim e .  

C B : rnw 

Si n c e r e l y ,  

� �"?F 
C h r y s  B ag g ett ( M r s )  

C l e a r i ng h ou s e  Sup e r vi s or 



SUBJECT : 

TO : 

FR0.\1: 

DEPARTMENT OF EN V I RONMENTAL R ESOU RCES 
,. 0 .  8-0JC • •• , 

H A " " • • • u N O .  ,.. ,.. N.V L. \I A N t A  \ J l ao 

October 14 , 1977 

Review and Evaluation of PSQ-I No . :  30-77-09-005 
DEIS for Cumulative Production/Comsumption 

Effects of the Crude Oil Price 
Incentive Rulemakings 

United States 

This project has been evaluated on the basis of the actions proposed 
in the applicant ' s  submission. Any changes made by the applicant subsequent 
to and not in keeping with our recommendations will require a new submission 
through the Pennsylvania State Clearinghouse . The Department retains an 
interest in this proj ect . Inquiries conce11ling the following conunents should 
be directed to Keith R. Gentz ler , Chief , Divis ion of Pol icy Planning and 
Proj ect Review, Bureau of Environmental Planning , Department of 
Environmental Resources , P . O .  Box 2357 , Harrisburg , Pennsylvania 17120 . 
Phone : (7 17) 783-1334 . 

The Department of Environmental Resources recommends approval of this 
proj ect . 



�---------------------------------

S T A T E  P L A N N I N G B U R E A U  
State Cap itol 

Pierre, South Da kota 5750 1 
605/224-366 1 

Novemb er 1 4 , 1 9 7 7  

Mr . Eugene Glass 
2000 M S t reet , NW 
Was hington , DC 2 0 4 6 1  

RE :  DE I S  ( E I S  0 3 0 1 7 8 ) 

�� ..... �.A..-..; a .. •.._I .... \.. Office of 
Executive management 

for t he Cumu l at ive Produc � io n / Consurnp t i o n  E f f e c t s  of t he 
Crude O i �  Price I n cent i ve Rul emakings 

Dear Mr . G l as s : 

The S t a t e  C l eari nghouse has d'i s t r i bu t e d  for rev i ew the abo ve 
s t ated DE I S . Jeff S t i n g l e y  f rom t he Four t h  P l an n i n g  and Devel opment 
D i s t r i c t  i n  Aberdee n , Sou t h  Dakot a h.ad some spec i f i c  que s t i o n s  for 
wh i ch we did not have t he an swer s . Therefore , he has been asked 
to contact you d i rect l y . Ot h erwi s e , no commen t s  were rece i ved . 

Thank you for t he · opportun i t y  t o  rev i ew and comment on t he 
st at ement . 

\"H--1--�7™ ;,�i ' i 
e e �11Jtck itfJ 

- ommi s s ioner 
STATE PLANN ING BUREAU 

j rv 



• , 
' , 

OFFICE OF THE GOVERNOR 
DOLPH BRISCOE 

GOVERNOR 

Mr . Edwin Mampe 
Department of Energy 
2 00 0  M S tree t ,  N . W .  
Washington, D . C .  2 0461 

Dear Mr . Mampe : 

October 24 , 19 7 7  

The Draft Environmental Impact Statement for the Cumulat ive Production 
Consump t ion Effects of the Crude Oil Pr ice Incerttive Rulemakings has 
been reviewed by the Budget and P lanning Office and interested S tate 
agencie s .  

The comments o f  the reviewing agencies are enclosed for your use in 
the preparation o f  the final environmental impact s tatement . If this 
o ffice can be o f  further a s s istance , please .contact us . 

Enclo sures 

EXECUTIVE OFFICE BUILDING • 

S incerely , 

Roy Hogan , Assis tant Director 
Budge t and Planning Office 

41 1 WEST 1 3TH STREET • AUSTIN, TEXAS 78701 



TEXAS AIR CONTROL BOARD 
PH O N E  5 1 2/451 -57 1 1  
8520 SHOAL C R E E K  BOU LEVA R D  

BI L L  STEWA RT, P. E. 

EXECUTIVE D I R E CTO R 

J O H N  L. B LAI R ,  Chairman 
WI L LI E  L. U LI C H ,  Ph. D., P. E., Vice Chairman 
WI L LIAM N. A L LAN 
JOE C. B R I D G E F A R M E R ,  P. E. 
F R ED HARTMAN 

AUSTI N, TEXAS 78758 
CHAR LES R. JAY N ES 
D. JAC K KI LIAN,  M. 0.  
WI LLIAM 0.  PARISH 
E. W. R OB I N S O N ,  P. E.  

O c t o b e r  1 3 ,  1 9 7 7  

Mr . W a r d  C .  G o e s s l i n g , J r . ,  
C o o r d i n a t o r  

N a t u r a l  Re s ou r c e s  S e c t i on 
Bud g e t  and P l ann i ng Off i c e  
O f f  i c e  o f  t h e  G o v e r n o r  
4 1 1  We s t  1 3 t h  S t r e e t  
Au s t i n , T e x a s  7 8 7 0 1  

Sub j e c t : D r a f t  E nv i ro nme n t a l  I mp a c t  S t a t em e n t  f o r  t h e  
C umu l a t i ve P ro duc t i on / C o n s ump t i o n  E f f e c t s  o f  
t he C rude O i l  P r i c e  I nc e n t i ve Ru l ema k i ng s  

D e a r  Mr . Go e s s l in g : 

We have r ev i ew e d  t h e  a b o ve c i t e d  d o c ument and a g r e e  t h a t  t h e  
env i r o nme n t a l  i mp ac t s  a s s o c i a t e d  w i t h t h e  i n c rement a l  c rude 
o i l  p r oduc t i on and c o n s ump t i on r e s u l t i n g  from the p r i c i n g  
p o l i c i e s , p u r s uant t o  t h e  Ene r g y  P o l i cy a n d  C o n s e r va t i o n A c t  
a n d  E n e r g y  C o n s e rva t i on a n d  P r o duc t i on Ac t , w i l l  n o t  b e  
s i gn i f i c a n t . 

T hank y o u  f o r  t h e  opp o r t un i t y  t o  
e--e-�r t h e r  a s s i s t a n c e , 

e r e l y  �, 
u- --'\__e,ic< ,,.._ ?\ l_,, 
e - . 

-�a l l  i s , !Yep u t y  D i r e c t o r  

r ev i ew t h i s do cume n t . 
p l e a s e  c o n t a c t  me . 

ndar d s  and Re g u l a t i o n s  P r o g r am 

Mr . L l o y d  S t ewar t , Re g i on a l  Sup ervi s o r , B e l l a i r e  
Mr . How a r d  B ake r , Re g i o n a l  Sup e rv i s o r , B e aumon t  

I f  



TEX A S  
P A  I� K S  A N D  \N I  L_ D t _ I F E 0 E P A  ff l  M E N T 

P E A H C f. J O H N S O N  

C h a n rn.tn ;, 1 1 ', l t n 

J O E  K. F LJ l  l ON 

V icf: -Cha1rman. l. ubbock 

JOHN M_ G R E E N  
Beaumont 

Oc tobe r 6 ,  1 9 7 7  

M r .  Wa rd C .  Goe s s l i ng ,  J r .  
Coordi nator 

H F N R Y  R .  B U R K [  T T  
I < I  1 " l  < I I \i i  I > I  I \  f ' I l l l  ( 
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CONSUMPT I ON EFFECT O F  THE C R U D E  O I L  PR I C E  I NCENT I VE RULE MAK I NGS 

Dear M r .  Goe s s l i ng :  

Th i s  Depa rtme n t  has rev i ewe d  the capti oned draft s tateme n t ,  and we offe r 
the fo l l owi ng c omme nts for con s i de rat i on .  

On pages I V - 6 8 - - 7 0 ,  i n di cati on i s  g i ven th a t  constru c t i on of a p i p e l i ne 
w i l l  l i ke l y  be nec e s s a ry i f  c a rbon di oxi de i s  u se d .  Impacts a r e  not 
d i scu ssed for the p i p e l i ne al ternati ve . D i scu s s i on s  of poten t i al i mp acts 
o n  fi s h  and wi l dl i fe are needed to p rov i de a mo re comp rehe n s i ve coverage 
by th i s  docume n t .  

O n  page I V - 7 4 , the second parag raph s tates th at i f  chemi c a l s escape du r i ng 
the recovery p roce s s , water qual i ty wi l l  be deg rade d .  Due to the l ack of 
s u rface wa ter fo r fi s h  and wi l dl i fe ,  espec i al l y  i n  wa ter-sc arce a re a s  of 
Texas , wi l dl i fe spec i es congregate near ava i l abl e s u rface wa ter. Th e 
degradati on of surface wa ter qual i ty may be s i g n i f i c ant.  No me n t i on of 
the s e  potenti al  i mp acts on fi sh and wi l dl i fe i s  ma de . 

On pages I V - 8 5 - -87 , the di scu s s i on rel ated to the u se of " t reated waters 
fo r waterfl ood11 ma k e s  no men ti on of the i mpact on fi s h  and wi l dl i fe as 
rel ated to the potenti al use of 2 5  b a rre l s of wa te r per barrel of oi l 
recove red .  Pote n t i a l  i mp ac ts o n  f i s h  and wi l dl i fe appear to b e  s i g n i fi 
c a n t , espec i al ly i n  wate r-s c a rce areas such as we s t  Texas . Reg i onal  or 
l ocal  wi thdrawal areas shou l d be de l i neated a n d  approp r i a te i mp ac ts 
d i sc u s se d .  The 11 di spo s a l  of b r i ne"  di sc u s s i on menti o n s  re s i due reu se a n d  
d i sposal w i th no desc r i p t i on of how the re s i du e s  are reu se d  or how they are 
d i sposed of. Pote n t i al i mp acts on f i sh and wi l dl i fe may re sul t from reu s i n g  
a n d  di spos i nq o f  the re s i du e s . These i mp acts shou l d b e  adeq u atel y  addre s s e d .  
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S u b s ec t i on 2 . 4  s tates that " p roduc ed waters p re s e n t  a poten ti a l  env i ronme n ta l  
t h re a t "  and c a n  " p re ve n t  th e be ne f i c i al u s e  of th e s e  s u p p l i es . "  No me n t i on 
i s  made reg a rd i n g  the po te n ti al  i mp a c t s  on f i s h  a n d  w i l dl i fe .  Th e s e  p o te nt i al  
i mp a c t s  need to be adeq uately addre s se d .  

I n  C h a p te r  V I I I ,  c o n s ump t i ve u se i s  not di s c u s sed i n  re l a t i on to wa t e r  
req u i red by f i s h  a n d  w i l dl i fe .  Th i s  agency wou l d l i ke t o  emp h a s i ze mi t i 
g a t i o n  me a s u re #4 , page V I I I - 2 .  I n c re a s e d  fre s h  wa ter dema nds fo r wa ter
fl o o d i ng w o u l d i mp a c t  r i p a r i a n  e n v i ronme n ts by way of added re s e rv o i r con 
s truc t i o n .  Th i s  agency fav o rs a l terna t i ve C ( E n h a n c e d  O i l  Rec ove ry ) .  F u r th e r  
r e s e a rc h  may f i n d  way s t o  el i mi nate some of the haza rds i n  secondary rec o ve ry 

� c h n i q ues . 

O n  page I X - 1 , #4 , the re p o r t  s ta tes th at " c h a nge � i n  l oc a l  ol a nt a n d  a n i ma l  
l i fe "  w i l l  occ u r .  The cove rage of impacts  i n  t h 1 s s ec t i o n  coul d be i mp roved 
i f  examp l es of spec i fi c ,  u n i que , or frag i l e  a re a s  i n  e a c h  reg i o n  we re c i ted 
i n  a di sc u s s i o n of the qua n t i tat i ve changes to p l a n t  a n d  a n i ma l  l i fe .  Se veral  
a l tern a t i ve s  f o r  rec o v e ry  are di s c u s s e d .  Advanced tec h n ol ogy may be used to 
i n d i c a te wh i c h a l tern a t i v e s  may be appl i ed i n  spec i f i c  a rea s ,  a nd q u a n t i f i ed 
c h a ng e s  ba sed on key areas of rec o v e ry c o u l d be di s c u s se d .  

C h apter X I , p a g e s  X I - 1 - - 3 , d o e s  n o t  me n t i o n  i rrev o c a b l e  c ommi tme nts of 
resources a s  they may a f fec t f i s h  a n d  wi l dl i fe .  Th e p o te n t i a l  u s e  i n  areas 
other than Ca l i fo rn i a - - e s pec i a l l y  a r i d we s t  Te x a s  -- n eeds to be adequately 
a d dre s se d .  F i f ty thou s a n d  ac re-feet of wa te r  i s  n o  sma l l amo u n t  i f  i t  i s  
t a k e n  from water- sc a rc e  a rea s .  

O n  pages X I I - 1 - -2 , p a ra g ra p h  2 d i sc u s s e s  rec overy i n  a r i d re g i ons . Wa ter 
dema nds fo r o i l rec ove ry i n  a r i d a re a s  ( we s t  Texa s )  p o s e  c r i t i c a l  p rob l ems to 
f i s h  and w i l dl i fe re so u rc e s . Th i s  shoul d be adeq u a te l y  addre s sed . 

Pa ragraph 4 s tates th a t  di s r u p t i o n  of the l a n d  w i l l  o c c u r  a s  l o ng a s  a gi ven 
wel l i s  produc t i ve ,  wi th ave rage du rati on to be 2 0  to 30 y e a r s . There may 
b e  a s i g n i f i c a n t  i mp a c t  on the mi c r o h a b i tat i n  the vi c i n i ty o f  the proj ec t .  
N o  me n t i o n  i s  made of re s to rati o n  of fi s h  a n d  w i l dl i fe h a b i tat or c omp e n s ati on 
for i t s l os s .  Twe n ty to th i rty yea rs ' l o s s  of h a b i tat du r i n g  u se w i l l  re s u l t 
i n  a n  addi t i o n a l  l e ng t h  of ti me req u i red fo r rec ove ry of th a t  hab i ta t .  Th i s  
needs to be adeq uately addre s se d .  

Pa ragraph 5 seems to i n d i c a te th a t  " drama t i c  re duc ti o n s  i n  b i o ta may be c a u sed"  
and that the " re so u r c e  s h o u l d reg e n e ra te ove r the l on g  te nn . " Any l os s  i s  
i r revocab l e .  Recov e ry pe r i ods me re l y  b r i ng produ c t i ve poten t i al  a s  c l o s e  to 
o r i g i nal  produc t i v i ty a s  can be done .  Th i s  i s  depe ndent upon the deg ree of 
redu c ti on ; the di sc u s s i o n  shoul d i n di cate the p r o b l em th at wo u l d occu r 
w h e n  a " drama t i c  reduc t i o n  of the b i ota" occu r s .  The i mp ac ts appear to be 
c on s i dered rel a t i v e l y  i n s i g n i f i c a n t .  An i nc rease i n  the c h a nce of o i l 
s p i l l s wi l l  b e  at l ea s t  p r opo rti o n a te to a n  i nc re a s e  i n  the rec ove ry of oi l . 
O i l s p i l l  damag e  i s  not ea s i l y  repa i re d .  
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O n  page D - 7 ,  paragraph 2 s ta tes that i n tenti onal  di s c h a rg e s  a re not 
c o n s i dere d  i n  T a b l e D - 3 . Al s o ,  o n  page D - 1 0 ,  paragraph 3 s tates that oi l 
s p i l l s  a re mo re i mp o rta n t  than i n ten ti o n a l  di s c h a rge s ,  even though di s c h a rges 
i nvol ve much greater vol ume s becau s e  o i l sp i l l s  wi l l  mo re l i k e l y  re ach c o a s tal  
4one s . S i n c e  di sc h a rges c omp r i se a mu c h  greater vo l ume , and they a re 
respo n s i b l e  for re s i du a l  impac ts throu g h  settl i ng to be ul t i ma te l y  ma de 
a va i l a b l e at a l a ter t i me by wa v e  and s to rm  ac t i on ,  th e s e  vol ume s of di s 
c h a rge and s u b seq u e n t  impacts s hou l d be addre s se d .  R e s i du e s  from di sc h a rg e s  
may a l so d i rec t l y  a f fect f o o d  c h a i n s  by k i l l i ng v e g e tat i on they come i n  
c o n ta c t  w i th .  Thei r n o te n t i al i mp a c t  needs to be addre s se d .  

O n  p a g e  D - 1 3 ,  s u b s e c L 1 on 3 . 2  i n di cates that f i s h  c a n  mi g rate ou t o f  a n  o i l 
s p i l l  zone . Th i s  pre s umes that the f i s h  i n  a n  i mp ac ted a rea have some other 
p l ace to go . Qu i te o f te n  f i s h  a re not abl e to move i f  the o i l sp i l l  o c c u r s  i n  
a con f i ned a rea or reach e s  wetl a n ds v i a water exchange p a s s e s . Impacts to the 
food c h a i n  wi l l  al s o  a f fect f i s h .  Orga n i sms i n  the food c h a i n wh i c h are l o s t  
a s  a re s u l t o f  a n  o i l s p i l l  may not repl en i s h th e i r numbers a s  rap i dl y  a s  
n eces s a ry t o  su ppo rt t h e  popul a t i on i t  su ppo rted p r i o r  t o  the o i l sp i l l .  Th e 
s tateme n t  that f i s h  s u r f a c e s  are " c oated wi th a s l i my muc u s  that pa rti al ly 
repel s o i l a n d  the reby protec ts them " i n fers comp l ete protec ti o n . Th e 
s tateme n t  shoul d be ame nded to i n di c a te temp o ra ry , p a rt i a l  p ro tec t i on 
dep e n d i n g  u po n  the l e ngth of t i me o f  expo s u re to oi l sp i l l s . 

O n  page D - zu , pa ragraph 4 s tates th a t  "wh i l e  the ecol ogy o f  th e S a rga s s um 
c ommu n i ty i s  poo r l y  k n own , the commu n i ty i s  h i g h l y  spec i a l i zed a n d  i s  
therefo re l i k e l y  to be l e s s  vul nera b l e to th e ty pe of s t re s s  repre s e n ted 
by a maj o r  o i l sp i l l . 11 rt', ..: oppo s i te i s  ac tua l ly the fact.  Any spec i a l i z ed 
o rg a n i sm ,  o r  i n  the case of Sa rga s sum ( a  commu n i ty o f  spec i a l i ze d  orga n i sms ) ,  
depends on a ve ry spec i a l s e t  o f  h a b i tat condi t i o n s  wh i ch a re nec e s s a ry for 
i ts s u rv i v a l . I f  a ny ac t i o n ,  such a s  a n  o i l  sp i l l ,  re s u l ts i n  a stre s s  to a 
s pec i a l i zed orga n i sm o r  c ommu n i ty ,  the vu l n e ra b i l i ty o f  the orga n i sm or 
c ommu n i ty i nc rea se s .  The suc c e s s  of a ny spec i al i zed c ommu n i ty i s  measured 
i n  te rms of i ts a b i l i ty to exi s t  wi th i n a spec i fi c  s e t  of c o n d i t i o n s .  Th i s  
s pec i f i c  set of c o n d i t i o n s  i s  not b road ; there fo re the ra nge of adapta b i l i ty 
i s  n a r row . External  stre s se s  s uc h  a s  tho se i mpo sed by o i l  sp i l l s  may have 
a maj o r  a ffect on the S a rga s s um c ommu n i ty a s  we l l  a s  other spec i a l i zed 
c ommu n i t i e s  o r  orga n i sms . 

E nc l osed a re c op i es of the Te xa s O u tdoo r Rec rea t i on P l a n .  Th i s  a g e n cy wo u l d 
l i k e to draw atte n t i o n  to C h ap ter 3 of the S tate S umma ry wh i c h  di scu s s e s  
c umu l a t i ve s u pp l y  data , Ch apter 5 wh i c h g i v e s  t h e  U rb a n  Ove rv i ew ,  a n d  C h apter 
6 wh i c h  g i v e s  th e R u ral O v e rv i ew .  Th e s e  c h a p te rs di sc u s s  s i g n i fi c a n t  natural  
a reas i n  Texa s .  Th ese top i c s shou l d be con s i dered , a nd i f  po s s i b l e ,  addre s sed 
i n  the f i n a l env i ronme ntal i mp a c t  s tateme n t .  
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Thank you for the opportun i ty t o  rev i ew a n d  comme nt o n  t h e  s u b j e c t  docume n t .  

S i ncerel y ,  

/(�E�� 
Execu t i ve D i rec tor 

HB B : MMcC : g s l / 3- 6  

Encl o s ures 
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Hr . Euge n e  G l a s s  

W Y O M I N G  
E X E C U T I V E  D E P A R T M E N T 

C H E Y E N N E  

O c tobe r 2 4 , 1 9 7 7  

O f f i ce o f  � r i ce Regu l at i o n s  
Fede r a l  Ene rgy Admi n i s t ra t i on 
2 0 0 0  !1 S t ree t N . N .  
Wash ington , D . C .  2 0 4 6 1  

De ar Mr . Gl as s : 

Re : Dra ft Envi ronmen t a l  I mp a ct 
S t atement ( DE I S )  =o r th e Cumu l at i ve 
P roduc t i on/Con s ump tion E f fe ct s  
o f  the Cr ude Oi l Pri ce I ncent i ve 
Ru le mak ings 

Th i s  is to adv i s e  th at the S ta te P l ann i ng 
Coo rdinat o r ' s  O f f i ce , s e rving a s  the Wyomi ng S ta te 
Cle a ri n gh o u s e , h a s  comp l e t e d  i ts review o f  th e above 
re f e renced 0.ra ft s t ateme nt . We h ave no comments at 
th i s  time . 

P l e a s e  noti fy th i s  o f fi ce o f  any p ro g re s s  on 
the p reparat i on of the f i n a l  E I S . Th ank yo u fo r 
the opportun i t y  to review thi s draft s t ateI71ent . 

EH : t rm 
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M r. C h a rles D .  T ra v i s ,  D i re cto r 
Gove rno r ' s Budget & Planning. O ffi c e  
4 1 1  W e s t  1 3 th St reet 
A u s t i n ,  T ex a s  7 87  0 1  

D e a r M r. T ra v i s : 

Re : Fede ra l E n e rgy Jvlm inist ration - - D ra ft 
E nv i ronme nta l Im pa ct Statement (D E I S )  
fo r th e Cumulative P rodu ctio n / C o n 
s u m pt i o n  E ffe cts of the C rude O i l  P ri c e  
I n c e ntive R u l e m a kings ( D E S  7 7  -7 ) .  

I n  res po n s e  t o  the S e ptem b e r  8 m emo ra ndum from you r offi c e ,  the 
D e pa rt m e nt s t a ff h a s  re viewed th e refe r e n c e d  do c u m e nt which a n a ly z e s  the 
p ro ba b le envi ro n m e nt a l  a nd s o c io - e co no m i c  e ffects o i  p ro po s e d c rude o il 
p r i c e  inc re a s e s  unde r Sta ge II of the E n e rgy C o n s e rva t io n  a nd P rodu ctio n 
A ct c ru d e  o i l  p ri c e  regu lations . T h e  regulations p rovide fo r p ri c e  i n c re a s e s 
in o rde r to m it ig a t e  th e e ffects of infla t ion a nd to p rovide in c e ntives fo r in 
c re a s ed c rude o i l  explo rat ion a nd p rodu ction.  T h e  fo llow ing s t a ff re vie w 
c o m m e nt s  a re fu rni s h e d : 

1 .  (R e fe re nc e : E I S  S U M M A R YL..J2.�S 1 a nd 2 ,  s e ct io n  3 ,  pa ragraph s  
( 1 ), ( 2 ), a nd ( 3 ) . ) - - We note w ith inte re s t  the find ings th a t  
( a )  t h e  expected c u m u lative i m p a cts o f  p ri c P  i n c e nt ives u po n  c rude 
oil p rodu c t io n  p ro vided b y  a ll of th e p ri c e  reg u lations u nd e r both 
the E ne rgy C o n s e rva tion a nd .Produ ction i\ ct (E C PA )  a nd th e 
E n e rgy Po licy 3 nd C o n s e rva t i o n  A ct (E PCA ) w il l  be s m a l l ( i . e . , 
o n ly 6 .  5 o/c to 9 .  5 %  g re ate r th a n  that of the "b a s e  c a s e " w h i c h  
co r r e s ponds t o  t h e  p rodu ction w h e n  p ri c e s  a re ro lled b a c k  a nd 
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h e ld c o ns t a nt a t  the po int w h e re t h e  we ight ed a ve rage p ri c e  
o f  a ll d o m e s t i c  c ru d e  o il i s  $7 . 6 6  pe r b a r re l  a t  t h e  re a l  do lla r 
va lu e  o f  Fe b ru a ry 1 ,  1 9 7 6 ) ;  (b ) t h P  e x pe ct e d  i m p a c t s  o n  1 9 8 5  
produ c t i o n  w i ll be n e g l i g i b lP h p c a u s e  th e s t a tuto ry p r i c e  c o nt ro ls 
w ill e l a p s e  i n  May 1 97 9 ;  a nd (c)  t h e  e x p e c t ed impacts o n  c ru d e  
o il d e m a nd w i ll be s m a ll  i n  1 97 9 ,  a nd n e g l i g i b l e  in 1 9 8 5  (i. e . ,  
o n ly 1 1 . 7 %  to 1 2 .  9 %  g r0 c::l tP r th a n  th e "bc::l s e  c a s e  1 1  d em a nd ) .  

T h e  fo rego i ng nom i n a l  a nd re l a t i v e ly s lugg i s h  g ro wth e x pe c t a t io ns 
m ight h e  d u e  to th e s t atuto ry p r i c e  c o nt ro l r e s t r i ct io n s  wh i c h  
l i m i t  t h e  p rodu c t i o n  i n c e ntive p r i c e  a d j u s t m e nt t o  not mo re th a n  
3 p e r c e nt a nn u a lly ,  a nd the comb i n e d  p r i c e  a dju s tm e nt fo r both 
p ro d u c t i o n  i u c e n t ive a nd i n fla t i o n  to n o t  m o re th a n  10 pe rc e nt 
a nnua lly .  H o w e ve r ,  th e s t a ff b e li e ve s  th a t  t h e  re a s o n  fo r t h e  
re lat ive i n e ffica cy o f  fed e ra l ly d e t e rm i n e d  a nd m a nd a t e d  c ru d e  
o il p ri c e  c o nt ro ls i s  m o re fu nd a m e nt a l .  I n  t h i s  reg a rd ,  at -
t e n t i o n  i s  i nvit e d  t o  t h e  fo llo w i ng s t a t e m e n t s  a p pea r ing o n  page 1 
o f  the S t a t e  of T e x a s  e ne rgy p o l i cy d o c um e nt ,  Po licy Po s it i o n  o n  
Se lected E ne rgy Is s u e s  o f  th e Gove r no r ' s  E ne rgy A d vi s o ry C o u n c i l ,  
F e b  ru a ry 2 1 , 19  7 7 : 

"T h e  role of gove r nm e nt i n  p ro t e ct i ng t h e  pu b l i c  inte re s t  
a nd i n  p romot i ng t h e  pub l i c  good c a n  b e s t  b e  fu lfilled 
w h e n  a p p ro p r i a t e  re c o g n i t i o n  i s  g i ve n  to t h e  pos itive 
c o nt r i b u t io n  o f  p ri va t e  e n t e r p r i s e  a nd a re lat ively free 
m a rket e c o no my .  Ou r ma rket system re s ult s i n  the 
p ro d u c t i o n  a nd d i s t ribu t i o n  of goods a nd s e rv i c e s  w ith 
a n  e ffi c ie n cy w h i c h  c a n  rc::l r e ly ,  if eve r ,  be du p l i c a t ed 
by go ve r nm e nt .  A t  t h e  s a m e  t i m e , it s ho u ld be w e ll 
u nd e rstood t h a t  c e rt a i n  c o s t s  a nd b e ne fits a re not 
a d equ a t e ly t a k e n  i nto a c cou nt by a free ma rket e co nomy 
w ithout go ve rnm e nt i nvo lve m e nt .  E nvi ro nm e nt a l  q u a l ity 
q u e s t io n s  a re of th i s  natu re . . . .  T h e re is a t  le a s t  o ne 
o th e r  m aj o r  w a y  i n  w h i c h  th e free m a rket d o e s  not 
y i e ld th e m o s t  d e s i r a b le re s u lt s .  T h e  ma rket c h a nges 
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du r i ng pe riods o f  t ra n s ition a re o ft e n  m o re d i s ru ptive 
than we a re w illing to a c c e pt. Gove rnm e nt c a n  p rovide 
s t a b ility fo r the o rde rly t ra n s ition . . . .  Gove rnment mu s t  
r e a l i z e  that cont inu ed inte rfe rence i n  th e f re e  ma rket 
c a n  be equa lly dis ru ptive a nd may by its inte rfe renc e  
b e  s e lf -defe a t ing of it s o rigina l i ntent.  1 1  

T h e  fo regoing i s  d i s cu s s ed i n  g re a t e r det a il i n  the s ection 
e nt it led "C rud e  Oil P rodu c t io n  a nd P ri c ing , 1 1 o n  pa ge 8 of the 
State o f  T e x a s  po l i cy document.  

2 .  (Refe rence : EIS SUMMA RY, page 2 ,  s e ct io n  3 ,  pa rag raph s  {2 ) 
a nd (5 ); s e ct io n  VII A .  3 . , pages VII - 1 4 , - 1 7 . ) - - We be lieve that 
th e a nt i c i pated inc rea s ed c o n s u m pt i o n  of f r e s h  wate r i nvo lved in 
a n  a ll -out , expa nded p ro g r a m  w o u ld w a r ra nt a much c lo s e r 
exa m ination tha n indic ated by the state m e nt : "T h e  need fo r fre s h  
w a t e r may exe rt ,  o n  a lo ca l b a s is ,  some m ino r s t ra i n  on fresh 
w ate r res ou rc e s .  1 1 (Em ph a s i s  adde d ) .  

I n  th is reg a rd ,  attention is  invited t o  p a g e  8 o f  th e p re vious ly 
c ited State o f  T ex a s  ene rgy po l i cy document ,  wh i ch conta ins 
the follo w i ng s t a tem e nt in the s ec t io n  e nt itled 1 1C rude Oi l 
P rodu ctio n a nd P ric ing " :  

1 1  • • •  it i s  recomm e nded tha t  th e re be a n  o rde rly 
e lim ina t i o n  o f  gove rnm e nt im po s ed p ri c e  cont ro ls 
on c ru d e  oil at  the e a rli e s t  po s s i b le d a t e .  ll.J.§_ 
a ls o  r e c o m m e nded th a t  e n h a n c ed re cove ry ope rations 
s ho u ld wh e neve r po s s ible a vo id th e u s e  of f resh 
w at e r. " (Em ph a s is added . ) 

We a p p re c iated th e o p po rtu n i ty to revie w th e ref e renced d o cu m e nt.  
Ple a s e  not ify m e  i f  you belie ve w e  c a n  be of fu rth e r a s s i s ta nce . 

Cha rles E .  Nem i r  
A cti ng Exe cut ive D i re cto r 
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Execut ive CoIImlunications 

Amoco Production Company 
200 �a�I H;mdofph Orivc P.O. !fox !:i'.i-101\ 
Cflicao:i. lllim•i� 606HrJ 

FEA (Economic Regulatory Administration) 
Room 3 3 1 7  
Box P . F .  
Federal Bui l ding 
1 2th and Pennsylv$nia Avenue , N .W .  
Washington , D . B ;  2 0461 

Comment s on Draf t  Crude Oi l Price Incent ive Programmatic EIS 

In reference t o  the Draft Crude Oil Price Incentive Programmatic 
EIS whi ch app eared in the Federal Regi s ter on September 14 , 1977 , 
Amoco Produc t i on Company (Amo co ) , the Nor t h  Amer i can e xplorat ion 
and pro duc t i on sub s i diary of Standard Oil Company (Indiana) , 
submits the foll owing coimDent s . 

It i s  Amoco ' s  underst anding that the purpose of this s tudy was 
to a s s e s s  the e f fe c t  on t he environment 0£ crude oil product ion 
under the a l t ern a t ive pricing action s  and assumptions of thi s  
rep or t .  Amoco c oncurs wi th t h e  FE.A ' s conclusion t hat the 
environment a l  impacts a s s o c i a t e d  with the incremental crude oil 
produ c t ion and consumption re sul ting from the pricing po l ic ie s 
of the EPCA and the ECPA wi l l  not be signifi cant . Amoco does 
not believe it was nece s s ary to go int o  t he detail that this study has c overe d in reaching the s e  conclusi on s . 

This s tudy in addit ion to addre ssing the environment has analyzed 
the crude oil pri c e  an d pro duc t ion rel a t ionsh ips . The amount 
of the s t udy devo ted t o  this ana l y s i s  has over shadowe d the 
environmen t a l  e f fec t s  and conclusion s . Since these conclus i ons 
regarding pric ing and product ion will p robab ly inf luence future 
pri c ing p o l icy Amoco has directed our comments at this area of 
the s tudy . 

The EPCA i s  only one-half compl e te d and this report only re sponds 
t o  the f i r s t  one - third of the program wi th the n e c e s s ary cut off 
t ime t o  publ i s h  this report . There fore , the re sul t ing s t.udy is 
not a quan t i t a t ive analysis of the a c tual crude oil pricing 
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policies that have existed under the EPCA s ince no cases are 
presented in the report whi ch reflect curren� pricing policy . 
Amoco ma intains i t  is the duty and obl i gation of the FEA to 
make certain that any use of this s tudy c learly emph a s i ze s  
that this s tudy . i s  n o t  based o n  actual data and is only va lid for the a s sump·d ons made in this s tudy . 

Amoco d i s agree s wi th the conclusion t hat dome s t i c  crude oi l 
product i on l eve l s  are insen s i t ive t o  pro ducer revenues ,  C j  
impac t e d  by the pre s ence or l ack of wellhead price controls 
during the 40-ruonth l ife of the EPCA . · Amo co maintains that 
maximum pro duction can be obta ined only in a free market system 
with total decontro l . If t o t al de control had been ini t i ated 
in February , 1 9 7 6 , i t  is Amoco Product ion ' s  opinion that 1 9 7 9  
crude o i l  product i on would be higher than the de control case 
presente d  in this s tudy . 

We wil l  d i s cuss the following areas in our cotnment s : 

1 .  Key a s sumotions 
2 .  Crude oil ¥ricing pol i cy 
3 .  Tertiary oil 

Key As sump_t i on s  

The key as sump t i ons in the report are.: 

1 .  
2 .  

3 .  
4 .  

5 .  

Th at price controls will expire in June , 197 9 , 
That any changes in price controls at this t ime 
(today) would not s i gn i f i c antly effect 1979 pro duction 
because o f  lead time nece s s ary for the exploration 
decis ions to re sp ond to higher or lower prices , 'l'Tue effects of Stage I I  and III pricing a l t ernative s 
cannot be evaluated due t o  future pric ing uncertainty , 
The FEA will adopt a pri cing policy t o  incre ase the 
comp o s i te price by 10 per cent p er year , 
Wi th no price contro l s  aft�r June , 19 7 9 , production 
wi l l  equ alize for a l l  pric i�e cases by 1 985 . 

It is important that anyone making use of this s tudy fully under
e tand and be aware of the above as sumptions . It is also imp ortant to under s t and that actual crude o i l  pri cing under EPCA has been 
different t han any case presented in this report due to price 
fre ezes and rollbacks . 

Crude Oi l Pri c ing Policy 

Wi thout pri ce c ontro l s  as o f  February , 1976 , the production 
predict ion f or t he tot a l  decont rol c a s e  woul d be higher than 
indic a t e d  by th i s  s tudy . The current price re gulations under 
the EPCA have included price freeze s , rol lbacks , and price 
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increase s lower than anti cipated by the industry ;  resul t ing in 
a great deal of uncertainty about crude oil price s . With total 
decontrol in February , 1 9 76 , t his uncertainty of government 
a c t ion woul d  have been e l iminated and resul ted in increa s ed 
indus try revenue , greater capital expendi tures in exploration 
and re sulting producing rate s significantly above those wi th 
controls . 
As s tated in our March 17 , 1976 re sponse to the Stage II hearing 
notice , 

we beli eve our company antl the total industry , is currently 
faced wi th maj or cap i t a l  shortage s -- cap i t a l  that is needed 
to main t ain o l d  product ion , deve l op new product ion , and 
exp lore t he frontier areas for add i tional produc t i on . Yet 
t�e e ffe ct of t he 1975 t ax re du c t ion act and then the EPCA 
price rol lba cks i s  to reduce the capi tal generat ing c apab i 
lity o f  current produ c t i on ,  and c louds future pri ces , a l l  
in t h e  intere s t  of providing a lower cost to the consumer 
today . With continu a l  near term d omestic produc t i on dec l ine 
and greater dependence on foreign oil , the consumer i s  
ultima t e l y  t he lo s er . The EPCA wi l l  result in cont inued 
de c l ine of capital c ompared to de control , and therefore , 
growt h  in explorati on and product i on activity wi l l  not 
incre a se suffi ciently to arre s t the production de c line 
in the near term . 

This capital shortage s ituation i s  supported by maj or s tud ies 
completed by the Chase Manhat tan Bankl ) . 

The EPCA crude o i l  pri ci ng pol i cy has resul ted in lower produc tion 
and capi t al shortages t hat wou l d  not exist with to ta l decontrol . 
As shown by this s tudy , t o t a l  decontrol in June , 1 9 7 9  wi l l  result 
in higher product i on in 1985 and wi l l  enable industry to meet 
future cap i tal requirement s .  

Terti ary Oi l 

The ter t i ary crude oil pri ce incent ives dec i s ion not i c e  has now 
been i s s ue d . The app l i c a t i on of these propos e d incentives is  
s o  re s t r i c t ive that s i gn i f i c ant revenue incen t ive s are not 
likely to be rea l ize d by t he i ndus try . This wi l l  re s ult in 
lower t er t i ary pro ducing rates . 

l ) Oi l  and Gas Journal , Pe troleum 200 , August l ,  1977 , pp . 63-65 
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The proj e ctions used in the terti ary produc t i on forecast are 
based on the Le.win and As sociate s , In c . report ent i t led uThe 
Potent i a l  and E c onom i c s  of Enhanced Oil Recovery . 1 1 Amo co 
has previously commented on this study in a reply to the FEA 
on June 1 ,  1 9 7 6 . As s t ated io... that repl y , Amoco b e l i eve s the 
Lewin s tudy conta ins unwarrante d opt im i sm wi th re gard to future 
pro du cing rate s f o r  terti ary oi l . Lewin assume s  t hat all 
proj e c t s  wi l l  be ini tiated if t hey mee t  a cer t ain minimum rate 
of return l imit . This impl ies that c a p i tal wi ll be avail ab l e to 
pursue a l l  comp eti t ive conventional find ing and development 
opportun�t i e s  as well a s  a l l  EOR opportunities . In view of the 
re cently i s s ue d  regul ations on crude o i l  pricing and the proposed 
ter ti ary incentive s ,  the indus try finds i t s e l f in a re gul atory 
and capital shor t age climate in which the proj ection of t iming 
of EOR res erve additions and production i s  s ubj ect t o  s ubs t ant i al 
uncer tainty . Therefore , with no real incentive.a _to date and .an 
overly op t imis ti c  base s tudy Amo c o  con t inues to bel ieve the 
tertiary rate fore cas t s  are too high . 

Summary 

Amoco concurs with the environmental con c lus i ons but di sagre es 
wi th the conc lus i ons r e8arding crude o i l  pri c ing and producing 
rate relationship s .  Amo co b e l ieve s t hat the FEA has conclud e d  
that dome s t i c crude o i l  produc t i on l eve l s  for t h e  40 months 
of EPCA would be the s ame wi th or wi thout crude oil price con
trol s . This i s  no t true . The as sump t i ons made in this s tudy are 
the key to i t s  va l i di ty and the as sump t i ons have been downp l ayed 
and the production results empha s i ze d . The r e c e n t  FEA regulations 
on the crude oil pr icing and the pr op o s e d ter t i ary o i l  incent ives 
empha s i ze the crude oil pri c ing uncer t ainty . W i t h  the knowle dge 
in 1 9 7 5  that complete de contr o l woul d  take p lace in 1 9 7 6 , the 
oil and gas indus try woul d have had incentive s to increase 
explorat i on expendi tures in 1976 that would have re sul t ed in higher product ion level s  than the de control case pres ente d  in 
this s tudy . 

The c onclu s i on that the product ion difference from 1 9 7 6  to 1985 
betwe en the base c a s e  and tot�l decont rol is wi thin t h e  uncer
tainty of current re s erve l eve l s  and is there fore in s i gni f i c ant . 
i s  very poorly exp l a ine d .  Thi s type o f  s tatement leads t o  
confu s i on f or t h e  Amer i c an pub l ic and the FEA re a l i z e s  this 
s t ateme n t  is only t rue for t he sp e c i f i c a s sump t ions bui l t  into 
th i s  r e p or t . It is unfor tunate that t hi s  i s  t he type ·of s t a tement 
that is of t en quo t e d  out of t ext . The FEA has t he re s p ons ibi l i ty 
and i s  ob l i g a t e d  to make cer t a in that any u s e  of thi s s t u dy 
clearly emphasizes the a s s ump t i on s ruade in this s tudy . 

Cordially , 



ENERGY RESO U R CES BOARD 

Ms . Ka te W i c k s 
Sta te P l a n n i n g  Off i ce 
505 Don Ga s pa r  
Sa n ta F e , New Mex i co 87 503 

Dea r Ms . W i c k s : 

P O S T  O F F I C E  E3 0 X  2 7 7 0  

SANTA FE 8 7 5 0 1 

.J E FH� Y  A P O DA C A  
G O V E R N  D R  

Octob_e r 1 4 ,  1 97 7  

I h a v e  rev i ewed t h e  re p o r t  e n t i t l ed " Fa c t o r s  Affec t i n g Wor l d  Petro l e um 
P r i c e s  to 1 98 5 " , and wa s i mp re s s e d  w i t h  the amo u n t  of i n forma t i o n  i t  
c o n ta i n ed . 

S i n ce t h e r e  i s  n o  i n te rn a t i o na l  free m a r ke t  i n  o i l a nd s uc h  u n p red i c ta b l e  
fa c to r s  a s  po l i t i c s ,  a c tu a l  a n d  threa tened emba rgoes a n d  tec h n o l og i ca l  
d e v e l o pmen t may be t h e  ma i n  u nder l y i ng forces beh i nd f u t u re s h i fts i n  
t h e  eco n om i c s  o f  o i l , the p etro l e um d ema nd , s u p p l y  a n d  p r i c e  fo rec a s ts 
deve l o ped i n  t h e  r e p o r t  c a n no t  ha ve a s  h i g h  a degree o f  r e l i a b i l i ty a s  
o n e  may wa n t  t o  have f o r  s u c h a k ey determ i n a n t  of o u r  en ergy fu t u re . 

The r e p o rt , neverthel e s s , c a n  c e r ta i n l y  be emp l oyed fo r p l a n n i n g p u rp o s e s , 
p a r t i c u l a r l y  w i t h i n  a s h o r t  t e rm h o r i zon , a n d i t s u s e fu l n e s s  a s  a n  i n fo rma
t i o n a l and p l a n n i ng t o o l  c o u l d  be i n c re a s e d  further w i t h  the p u b l i ca t i o n o f  
a n n ua l l y u pda ted vers i o n s . 

S i n c e re l y , 

GC/ vm 



Chevron 

= 
Chevron U .S.A. Inc. 
575 Market Street, San F rancisco, CA 94 1 05 
Mail Address: P.O. Box 7643, San Francisco, CA 94120 

I .  H.  Gil man O c t o b e r  2 1 ,  1 9 7 7 
General Manager 

Environmental Affairs 

Mr . J ame s Maynard 
Office of P r i c e  Re gul a t i ons 
Fe de ral  Ene r gy Admin i s trat i on 
2 0 0 0  M S t re e t , N . W . 
Washington D . C .  2 0 4 6 1  

De ar Mr . Maynard : 

T he S t an dard O i l  Comp any o f  C a l i fo rn i a  was inv i t e d  t o  p rovi de 
comment s on t he rec en t l y  i s sued Dra ft Fe de ra l  Impact  S t atement 
for " the cumu l at ive p r o duct i on/ consump t i on e ffects  o f  the c rude 
o i l  p r i c e  incent ive rule makings . "  

You wil l  fin d  our comments att a ched .  

Ve ry truly yours , 

I .  H .  G i lman 

EWM : kmp 

At t achment 



Petroleu."11 Technologies and Potential (Local) Envirorur.enta1 :L""Ipact 

This chapter briefly des cribes the better known primary, secondary, 
and tertiary production �ethods , deduces the types of contaminants 
each might produce , and , 1ii1ere possible , predicts the quantities of 
such conta.'lli.nants . '.The following possible s ources of conta.:nination 
a.re discus s ed : 

Ground water may be contaminated by leaks (through cracks in the 
cas ing) f:rom an i.n� ection well treated with inhibitors , bactericides , 
etc . 'Uaste water disposal by inj ection presents a s inilar hazard . 
Waste water f:ro::n offshore rla-':. forms generally is s L-nply treated and 
dunped into the ocean .  Pumpir: :; e::igines and coc.11)re s s ion engines e:nit 
pollt1.tacits .  TransporJ�ation 2 :1d storage of oil entail risk of oil 
spills . Pot:.:ntial :i.m.?act , if toxic chemicals (used in operations ) 
leak . (Cons iderable red1.L.'1dancy in this chapter . )  Trace metals a.'1d 
hydrocarbons in oil field brines are caus e for conce:rn, "\'Then dis 
charced into coastal i·Taters . :::Xcessive salinity is a problem., ii' in
ject ed into enclosed l:aterwa�rs . 

The que.ntitativ::: ane:.lyses pre sented are s eriously flawed by the cnis 
s ion of a factor of co�sider�ble i":1]!ortance . In �reaic�in3 e�is sion 
rates , us ir-g statistical data,  no recognition is given in the report 
to efforts (both mandato!'y and vol:L."'ltar�r) tm·1ard reO.ucins e!!l.is sions . 
Thus , the volume of :!,)Ollutants is overstated.  Houever , the esti.�tes 
of gross volu:nes of pollutants generated appear reasonable . 

Some of the courses of action sugcested in this chapter for mini.::ii
zing environ."Tlental problems seem unrealistic . For exa.!11!.Jle , the re
port suggests in areas ·where available f'resh water is limited c�·clic 
stear:i.ing should be conducted in the rainy s eason, so not to co�ete 
for "\'Tater i.n dry periods . 



CR\PISR V 

Des cription of the Environment 

This chapter does not say much other than that , if oil production 
i: : creas e s  as a result of pricing policie s ,  the increa s e  wi11 oc
cur in known oil fields . It suegests that increas es may be re
stricted in areas where air quality standards are or would be vio
la·�ed. 



COMMENTS ON CHAPTE R  VI I 

Fre s h  wat e r  consump t i on figures fo r s t e am g ene rat i on may b e  
too  h i gh .  W e  have deve l op e d  a me tho d t o  t re at oi l fi e l d  
p ro duced wat e r  whi ch a l l ows i t  t o  b e  us e d  fo r s t e am gene rat ion 
fe e d  wa t e r .  T h i s  wi l l  g reat l y  re duce Chevrons consump t i on o f  
fre s h  wat e r .  



COMMENTS ON APPENDIX A 

1 .  P a g e  A - 4 , middl e o f  p age . S entence s t at e s  " . . .  p r o duc e d  wat e r  
concent ra t i on s  o f  trace me t a l s  and o i l  hydro c arbons are c ap ab l e  
o f  inducing a wide range o f  t o x i c  e ffe c t s  on o r gani sms expo s e d  
to them . "  T h i s  s t at ement i s  t rue enough i f  n o  di l ut i on o f  the 
p ro duce d  wat e r s  o c cuj s . Howeve r , in n e ar l y  a l l  cas e s , dilut i on 
o ccurs rap i dl y  s o  that the l eve l s  o f  the con t aminan t s  qui ck ly are 
r e duce d  to l e s s  than to x i c  l e ve l s . No t e  the enc l o s e d  reference s 
"Envi ronmen t a l  Aspe c t s  o f  P r o duce d Waters from O i l  and Gas 
E xt rac t i on Ope rat ions in O ffshore and Co a s t a l  W at e r s "  and 
" Envi ronmen t a l  Asp e c t s  o f  Dri l l in g  Muds an d Cut t ings from O i l  
and Gas Extrac t i on Op erat ions in O ffshore and C o a s t a l  Wat ers . "  

2 .  P age A - 8 ,  parag raph 3 .  S t atement re fers to  l ab o r atory wo rk 
whe re the concent r at i on i s  ma int a ined at a cons t ant l eve l fo r 
4 8  hours . Howeve r , in the r e a l  wo r l d  di lut i on do e s  o ccur qui ck ly 
a s  no t e d  above . Thus , di rect int e rp r e t at ion from l abo ratory 
condi t i ons t o  fi e l d  cond i t i ons s ho u l d  n o t  b e  made o r  inferre d .  

3 .  P a ge A - 9 .  This  p age emphas i z e s  that " . . .  great caut i on s ho ul d 
b e  us e d  in ext r ap o l a t in g  t o x i c i t y  dat a t o  the p r e d i ct i on o f  
impact i n  the fie l d  . . . i t  i s  al s o  imp o r t ant t o  keep c l e ar l y  in 
mind the l im i a t at i on s  o f  the d at a .  A few o f  tho s e  l im i t at i ons 
are : . . .  " Although five l imi t a t i ons are de s c rib e d ,  pe rhaps the 
mo s t  imp o r t ant is not men t i one d ,  name ly , that d i lut i on as it 
o ccurs unde r r e al wo r l d  cond i t i ons is not taken into a ccount . 

4 .  P a g e s  A - 1 0 , A - 1 1 , an d A - 1 2 : The di s cus s ion p e rt a ining t o  
s ub l ethal  e f fe cts  con c e rns o b s e rvat i on s  made i n  t h e  l ab o ra t o ry . 
The s e  e f fe cts , al though l o oke d fo r in f i e l d  wo rk , have not 
b e en foun d  in s everal maj o r  p r o j e c t s , fo r examp l e , the work 
done by the Gul f Unive r s i t i e s  Cons ort ium in the Gul f of Mex i co , 
by B at t e l l e - No rthwe s t  in Lake Maracaibo and by D r .  Da l e  S t raughan 
in h e r  s t udi e s  on the e ffe cts o f  natur a l  o i l  s e ep s on mar ine 
int e rt i da l  l i fe at C o a l  O i l  Po int n e a r  S anta Barb ara , Ca l i fo rni a .  
C op i e s  o f  the s e  rep o rt s  are at t ache d .  

5 .  P a ge A - 1 0 ,  middle  o f  p age . I n  vi ew o f  abo ve d i s cus s i on , 
s entence s houl d read "Among the imp o rt ant p o t ent i a l l y  sub l e tha l 
e f fe c t s  . . .  " 

6 .  P age A - 1 0 , p ar a g rap h  1 .  The e conomi c e ffe ct i s  a v i ab l e  
cons i de rat ion i f  the dis charge i s  made from p l a t forms near 
s hore . Howeve r , as exp e r i enced in p l a t fo rm ope r at i ons in the 
Gul f  o f  Mex i co and e l s ewhere , there evi dent ly has not b e en t h i s  
e ffe ct i n  the re a l  wo rl d .  

7 .  P ag e  A - 1 5 : re ference s houl d b e  comp l e t e d  as t o  whe re Harr i s on ' s  
" Crude O i l  Sp i l l s "  i s  pub l i s h e d  o r  ava i l ab l e . 



AP�::J IX  C 

Ruidual Ioacline:s from Oil Product ion 

This App e ndix is a s eries of table s ,  proj ect ing the amoW1t of 
pollutant s t o  oe Exnect ed as a r e s ult o� various rates of nro
duct ion for e c::.ch of

-
the ll+ s�ply recio!ls of the U. S .  _fl. s�

cond s e::· i e s  of t able s  shmr n  for U. S .  t ot&l the e_':lor: . .:1t of :pol
lutants relaJ:, ed to pro cluction !:lethod for the sa--:e ::-: 1·oduct ion 
rat e s  as in the fir st s eries . In the s e co!ld s erie s ,  the e�is 
s ion fa ctor for ozide s of 2-:itro::;en 1.l S e d  for the ste e.."'":l inj e c 
t ion cas e ap:p ear s  exc e s s ive ly" hic;h , 2.lthoue;h other factors 
s e em reas onable . The ITOx fac t or '] G ed is 15 :per c <? : . t  c;:reater 
than the cons ervat ive fi:::;ure used in ov.r Ail' C:l'.. 3.lity Irci;_)act As 
s e s s2ent s ,  and over 150 :;; er c e nt c;:reater than Co:rp a:iy field 
test aata indicat e s . 



COMMENTS ON APPEND I X  D 

1 .  Page D - 1 ,  b o t t om two l ines : s houl d read " . . .  the b o i l ing p o int 
of p ara ffins increa s e s  and . . .  " 

2 .  Page D - 3 ,  p ar ag raph , middle o f  page . D i s cus s i on i s  pre s ent e d  
s t a t ing that aromat i c s  are r e l a t ively s o l ub l e  and are al s o  
among the mo s t  t o x i c  comp ounds found in crude o i l . There fore , 
they are e s p e c i a l ly wo r r i s ome as  envi ronment a l  thre at s . 

Howeve r ,  it shoul d b e  no t e d  a l s o  t hat the s e  s ame s ing l c · r ing 
aromat i cs are vo l a t i l e . Becaus e of  t he i r  vo l at i l i ty ,  t he i r  
pres ence i n  t he wat e r  co l umn i s  b r i e f .  Th i s  i s  s hown b y  the 
wo rk conduc t e d  by the JBF Co rpo rat i on on an exp e r iment al o i l  
s p i l l  o ff the C o a s t  o f  New Eng l and . In the i r  r ep o rt " Phys i ca l  
and C hemi cal B e havi o r  o f  Crude O i l  S l i ck s  on t h e  Ocean , "  a 
copy o f  whi ch i s  att ache d ,  they found n o  t races  o f  benz ene in 
t he wat e r  c o l umn a ft e r  1 5 - 2 0  minu t e s  n o r  in the o i l  s l i ck 
i t s e l f  a ft e r  5 - 6  hours . 

3 .  P a ge D - 3 ,  s ix t h  l ine from b o t t om o f  p a g e : should read " 
the b e n z ene ring . . .  " (not 1 1  • • •  the ben z ene ends . . .  " ) 

4 .  Page  D- 4 ,  s e c t i on " Ex t ent , L o c at i on and Frequency o f  Mar ine 
O i l  Sp i l l age . ' ' A b e t t e r  s our ce of informa t i on conce rnin g  
the s ub j e c t  d i s cus s e d  o n  t h i s  p age i s  t h e  Nat ional Academy o f  
S c i en c e s  rep ort " P e t ro l eum in the Marine Envi ronment . "  I t  
s houl d b e  n o t e d  that t h i s  rep o rt con s i de rs the imp act o f  o i l  
int o the o c e an s  from natural o i l  s e eps  and from atmo sphe r i c  
fal l o ut - ne i the r o f  whi ch i s  ment i oned - t o  b e  s ub s t ant i a l l y  
mo re (e ach b y  ab o ut a fact o r  o f  8 )  than from o ffsho r e  o i l  
p l a t fo rm acci dent s .  

5 .  Page  D - 1 5 ,  l a s t  two l ines  o f  f i rs t  p arag raph re ads : " 
p art i cular danger due t o  the i r  p o s i t i on in the s e a  b e d , 
whe r e  o i l  eventua l l y  s e t t l e s . "  I t  i s  no t ax i omat i c  that o i l  
s inks t o  the b o t t om.  On the cont rary , s ince o i l  i s  l i ght e r  
than wat e r ,  i n  mo s t  cas e s  i t  wi l l  float  and i f  n o t  evap o ra t e d  
o r  b i o de grade d ,  w i l l  s t r and a s ho r e . On ly i f  s i l t  and s e diment 
are s uspende d  in the wat e r  co lumn wi l l  the o i l  s e t t l e  to the 
b o t t om .  This p o int i s  s upp o rt e d  by the l a s t  p a r agraph on p ag e  
D - 2 1 ,  e s p e c i a l ly the firs t s en t ence , whi ch s t at e s  " O i l s inks 
natur al l y  to t he b o t t om by adh e r ing t o  c l ay mine r al s , p art i c l e s  
c o a t e d  with o rgan i c  mat e r i a l  and other p a rt i c l e s  whi ch o cclude 
the s l i ck . "  

6 .  P ag e  D - 1 5 ,  l a s t  p aragraph . The f i r s t  p art o f  the paragraph 
d i s cus s e s  l ab o ra t o ry work whe re j uven i l e  s a lmon and s t r ip e d  
b a s s  exp o s e d  t o  b e n z ene s howe d an incre as e d  r e sp i ra t o ry r a t e  
aft e r  an exp o sure o f  5 - 1 0  ppm for 2 4  t o  4 8  ho ur s . In our 
view , such l ab o ra t o ry wo rk is i rrel evant fo r i f  bene z ene , 
b e caus e o f  i t s  h i gh vo l at i l i ty ,  i s  no l on g e r  in the wat e r  
c o l umn a ft e r 1 5 - 2 0  minut e s  fo l lowing an o i l  sp i l l  ( s e e  



- 2 -

a t t ache d JB F Corpora t i on rep o r t  men t i oned p revious ly) , the 
r e s t  o f  the exp o s ure t ime is who l ly un real i s t i c . 

7 .  Page D - 2 1 ,  mi dd l e  o f  page . S entence re ads " Burn in g  the 
s l i ck wi l l  c l e arly put s t res s upon the neus t Qn� ,  a s  wi l l  
the us e o f  d i spe r s ant s , whi ch are gene ra l l y  h i g hly t ox i c � "  
D i s p e r s an t s  us e d  on t he To rrey Canyon sp i l l  inde e d  were 
hi ghl y t ox i c  but curren t l y  recommende d and marke t e d  d i sp e rs an t s  
a r e  far , far l e s s  t ox i c . Th i s  p o int i s  recogn i z e d  in t he l a s t  
s entence o n  p ag e  D - 2 9 ,  whi ch s t a t e s : " Lowe r - t o x i c i ty 
emul s i fi e rs s uch a s  B Pl l O O  have b e en de ve l op e d  in re cent years . .  " 

8 .  Page  D - 2 1 , f i r s t  s entence o f  l a s t  paragraph shoul d read : 
" O i l s inks natura l ly t o  the b o t t om by adhe ring t o  c l ay mineral 
part i cl e s . "  

9 . Page D - 2 6 , l ine 1 0 : " depur a t e d" i s  m i s s pe l l e d .  

1 0 .  Page  D - 2 6 , s e c t i on ent i t l e d  " E s tuari e s , We t l ands and 
Intert i da l  Z one . " · Thi s s ec t i on is ve ry we l l  wri t ten , 
e s pe c i al l y  t he di s cus s i on p e r t a in ing t o  e s tua r i e s where a 
we l l - b a l an c e d  p re s ent a t i on i s  g i ven . 

11 . Gene ra l c ommen t s  on App endix D :  Thi s appendix i s , on the 
who l e , ra the r we l l  wr i t ten a l though i t  con t a in s  a numb e r  o f  
conj e ctural s ta t ement s .  For the mo s t  p art , the s e  s t a temen t s  
c an b e  ident i fi e d  as  tho s e  that cont a in the words " co u l d" 
o r  "wou l d" . I t  i s  s urp r i s ingly we l l  w r i t ten when the 
re l a t ively few re fe ren c e s  on wh i ch it evi dent l y  is b as e d  is t aken 
int o account . P e rhap s the mo s t  highly re ga rde d re fe ren ce i s  the 
p re v i ou s l y  men t i one d Nat i on a l  Academy o f  S ciences  rep ort 

" P e t ro l eum in the Mar ine Envi ronment ; "  whi ch is  not c i t e d .  Othe r 
ex ce l l ent s o ur c e s  a re the p ro c e e dings from the o i l  sp i l l  
c on fe renc e s  he l d  b i annua l l y .  



APP3NDIX E 

Striuu er Well Pr oduct ion 

S e ct ion A. 

S ection B .  

Section c .  

Data in thi s portion of the App endix r elat e to the 
cla s s ic definition of strir:rp er , i . e . ,  wells produc
ing 10 B/D or les s ,  rather than ?EA de finit ion of 
prop erty average 10 3/D/H or le s s .  °l':ith the chan
ges that have occurred in FZA price ree;ulat ions , 
pr o j ection of tne type shmm ,  bas ed on stat ist i cal 
analys is 2,bove the prCJ?erty level of detail, may 
be subject to s e::.· ious error . 

The conclusions in this s e ct ion are based on an 
over - s i...."T!plified assw-:Iption o� a constant 3/1 pr ice 
cost rat io ,  rec;E :dle s s  of !'r :>duct ion decline . 1;r it 
ten in nid-197c , it a s s ume s  price controls will go 
o f f  in. rnid- 1979 , and that IJ? erators will cont inue 
production of m.arc; inn.l wells in antici�aJc ion of fu
ture price L".:::-lrove�ent . Ti.'le conclus ion reached iI1 
this s ection G.oes not nece s s ar ily follm·: , i . e . ,  
that , be cause the ratio of de ep wells :proC.uc ing 12 -
20 B/D to thos e  pro�ucins 20 t o  36 B/D i s  e s s e nt ial
ly one ,  pr ::.ce relief' for de e::;ier wells would not r e 
s·.-'.lt i n  increased -yr oduction . Recent nave s by F�A 
to allm·: -price rcl:.ef where an operator is s ustain
ing a loss i-10uld indicate that the pre::tls e stat e d  
is incorrect . 

In S e ct ion B, fac ed with higher cost operat ions for 
de ep wells , it 1-:as concluded that stripper qualifi
cations of lars£-r wells would not result in a produc 
t ion increas e .  =-rouever , i n  thi s  s e ct ion , with h igher 
cost op erat ions for off'shore wells , it i s  c oncluded 
that str ipper qualification of la.reer wells would re
sult in a production increas e ,  an obvious contradic
tion . 



r PPENDDC J 

Descrintion of the Environ.�ent Affected 

This ap:pen:'.ix provides a seneral description, with map s ,  of the 
r tatus of !JOllution of air and water ,  water , oil and forrest re
�< mrces , water and petroleum usa�e , etc . ,  in the princ ir:>al p c t 
roleur.i procL1cing area of the United States .  Our spec ific co:n
ments reg2.r<�ing this ap?endix , with particular e:rrphas is on Cali
fornia conditions,  are as follows : 

Fig . J-7, p .  J- 9 

Table J-1, p .  J-18 

Table J-2,  p .  J-19 

P. J-32,  2nd par. 

Table J-17, p, J- 81 

St:-itus of AQ,CR in Los Aneeles Bas in 
should not be uncertain for 1975 , 
if no violation occurred in 1_974 . 
The S02 levels in 1975 wer e the same 
as in 19741. The.ref ore ,  L'I. should 
have been in the category of' "not ex
pected to violate " the standard.  

This table is chan:ed r:>er the Clear 
Air Act P..:1en&:lents of 1977 . land ca 
tee;ories that at'e Cle:.ss I include the 
follm-rin3 : international riarks , na
tional wilderness areas (over 5 , 000 
acres ) , national �e�orial r:>axks (over 
5 , 000 acres ) , and natio�al parks (o
ver 6 , ooo acres ) . 

Table is changed :per Clear Air l\.ct A
mencbents of 1977 . Refer to tbe l'.mend.
ments for the final values .  

l·::iat constitutes a spill s:·wuld be de 
fined . For instance , how T.".a.ny ba."tTels 
of crude were sriilled in the 13 9 Texas 
spills ? �·:bile the nu.11ber of spills 
may r �  large , the s ize of the spills 
may be s!n.all with very little L"'rrpact . 

Information on California Standards is 
outdated . Standards for ethylene and 
hydrogen suli'ide have been prOL"'lulgated . 



P .  J-83 , 84 

P. J-85 , par .  3 

NOTES : 

- 2 -

T'nis section does not present the 
proper perspective . Municipal was
tewaters are by far the largest 
source of i'laste . 84i of the waste
water co�es :f'rom municipal treat
ment �1 ,,nts . These plants only car
ry out �·ri:n.c"'l.!'y treatment . These 
municipal discharees into the bight 
area rou.c;hly contribute over ten 
times as much total suspended solids , 
biochemical onygen demand, and total 
chemical OX,Y"gen der:iand2 compared to 
to the iJ ·�ustrie.J. -waste .  otherwise,  
t:'1e mass errlssior: rates quoted :f'rom 
SCCWHP see:n consi .:;tent with available 
inf'ormation . 

It is u..riclea.r whether the 4,000 metric 
tons per year oil seepaze at Coal Oil 
Point is SU?posed to represent a typi
cal number, or an extrene case , for 
the seep sites u..�der consideration . 
This seems hie;h, i'Then the estinates of 
total seepage for the SC bight Vfil"J 
:from 5 , 000 to 20,000 metric tons per 
year2 . 

1. California Council for Bnviro!ll!lental and Economic Ealance ,  
Air Quality C'nartboo::, I.os Angeles Basin, June, 1977. 

2 . Dames � Moore , 1974 Southern Califo!'nia. OCS Petrolett!ll 
Develonnent Studies ,  Oc�ober , 197�. 

�-



Comment s and Reco�Jnendations on S e ction K 

A .  Sulfur Oxides - No comment . 

B .  Carbon Monoxide - Delete reference 8 by Beard an d  Wertheim. 
Thi s include s the paragraph on page K-8 
and all of the data on page K-10 . The se 
re sult s have not been confirmed by other 
inve stigator s and D r .  B eard ha s stated 
publi cly that he wa s unable to reproduce 
the re sult s .  

C .  Hydrocarbons - Qualify the quote from r eferenc e 13 on page K-14 
by noting that the reported e ffe cts have no t 
b een shmm at ambient level s  and are based on 
expo sures at much hi gh er c oncentrations . 

Also , the final sentenc e of the quote appear s 
to be incomplete . 

) /J. 'inJJ 
s .' H .  �;-\ 
10-10- 77 



APPENDIX L 

This app endix lists 85 :tr.organic and �!organic cora:>ounds and mixture s 
presu..�ed to be useful in su:rfactant and/or polymer flooding as , 1)  
surfactants ,  2)  ::iobility bt'C'fer s ,  3 )  m.icellar slug fro.ct ions ,  4)  ele c 
tro�r-t e s , or 5 )  e::chanc � - s i '.:. e  inhibitors . He have checked the suita
b ility of each ','iith Che·;ror:: :?:csearch per s onnel . Our best e s -': j_T!l..ate is 
that 16 per ceY1t of tr.e�1 arc clefinitel;>" effe ct ive , 14 per ce:nt are 
pos s ibly us ef'ul ,  31 per cent c..re t oo e::pensive t o  be econo:ni c ,  and 
39 per cent are simply ineffe ctive . 
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GLOSSARY 





acute 

add i t ive 

adsorption 

al iphat ic 

amb ient 

antagonis t ic 

app licat ion factor 

aqu ifer 

AQCR 

AQMA 

ari thmetic  mean 

a roma t ic hydro carb ons 

GLOSSARY 

De s c rib ing a toxic e f fect having a rap id ons e t  
and generally extreme symp t oms . ( S ee CHRONIC )  

Des crib ing an int erac tion be tween two toxic 
chemicals in wh i ch the comb ined eff ect is equal 
to the s um of the e f fects  produced if the two 
chemicals are administ ered s eparately . ( S ee 
SYNERGISTI C )  

The ac cumulat ion o f  gas o r  l iquid mo lecules on 
the surface of a solid particle . 

De scrib ing organ ic compounds whi ch are not 
aromatic ( q . v . ) .  

Pertaining to the general environment ;  e . g . , the 
amb ient concentration of a part icular pollutant . 

Describ ing an int eract ion in whi ch two toxic 
subs tances , when adminis tered together , p roduce 
a comb ined effect  wh ich is less in magnitude than 
the sum of the effects  which would be produced 
by the separate admini s t rat ion o f  each o f  the 
chemical s . ( S ee SYNERGISTIC and ADD IT IVE) 

An emp i rical fac tor used for predict ing a "safe 
level"  of  a part icular chemical on the b as is of 
it s 96  hr LC SO ( q . v . ) .  For example , the EPA 
Water Quality Criteria set safe leve ls for many 
pol lutants at concentrat ions equal to . 0 1 t imes 
the ir 96  hr LC SO ; this fac tor  of . 0 1 is known 
as an app licat ion factor . 

A water-be aring layer o f  permeab le rock , s and , 
or gravel . 

Air Quality Cont rol Region . 

Air Qual ity Maint enance Area . 

The average of  a s e t  o f  measur emen t s ; equal to 
the sum of  the measurements d ivided by the 
numb er of  meas uremen t s . 

A group o f  generally highly toxic hydrocarbons , 
characterized by a chemi cal s t ructure related 
t o  that of  one or mo re ben z ene r ings . 



arti ficial l i f t  we l l s  

bactericides 

barrel 

BATEA 

bbl  

benthic 

b ioaccumulat ion 

b i o c ide 

biota 

BPCTCA 

brine 

Btu 

burning front 

Wel l s  in wh ich the natural pressure in the 
res ervo ir mus t b e  supp lemented by the use o f  pump s 
o r  o ther l i f t  metho ds . 

Chemicals wh ich are toxic to bac teria ; f requen t ly 
added to inj ected fluids to cont ro l  the growth o f  
bacterial s l imes i n  inj e c t ion wells . 

A s t andard volume measure equal to 4 2  U . S .  gal lons . 

Bes t Ava ilab l e  Technology Economical ly Achievab l e ; 
des c rib e s  an e f f luen t t rea tment standard which 
mus t  be set for all indus tries d is charging 
po llutants into U . S .  waters by 1 9 8 3 . The s t andards 
are set by the Effluent Guid elines D ivis ion o f  
the U . S .  Environmental P ro t e c t ion Agency under the 
autho rity of Pub l ic Law 9 2-500 . 

Abb reviat ion for barrel (q . v . ) .  

Describ ing organisms l iving on the b o t toms o f  
wa ter bodies . 

The accumulat ion o f  part icular chemical s in 
organisms to a greater  conc entrat ion than that 
found in the environmental med ium to wh ich the 
organisms are exposed . For example , the accumu
la t ion o f  copper t o  leve ls o f  30 ppm in f ish 
expo sed to water containing only 1 ppm of copper . 

A general name for a chemi cal used t o  contro l 
biological activity , for  examp l e , a BACTERIC IDE 
( q . v . ) .  

The co llec tion o f  l iving o rgan isms found in a 
part icular region . 

Best  P rac t icab le Control Techno l o gy Curren t ly 
Ach ievab l e ; desc ribes  an e f f luent t rea tment s t an
dard which mus t be set for all industries and 
me t by 1 9 7 7 . ( S ee BATEA) 

Water cont aining a high conc entrat ion o f  disso lved 
salts ; f requen t ly used to describe p roduced waters 
(q . v . ) .  

Brit ish thermal un it ; the amount o f  heat needed to 
rai s e  the tempera ture of 1 pound o f  water  1° F a t 
or  near 3 9 . 2 ° F .  

The surface bo rdering the region in which combus t ion 
occurs ( the burning zone ) in in-situ c ombust ion . 



c arbon dioxide inj ection 

caus t i c  flooding 

caus t i c s  

chronic 

co 

coagulan t s  

coas tal baseline 

COFCAW 

COHb 

coke 

connate water 

cont inental she l f  

co surfactant s 

The inj e c t ion o f  gas eous carbon dioxide or 
c arbonic acid int o  an oil res ervo ir to imp rove 
mis c ib i l ity o f  o i l  with inj ected water and to 
improve physical propert ies (vi s c o s i ty , dens ity)  
of  the oil . 

The use o f  caus t i cs t o  increase the mis c ib il ity 
o f  oil with water inj ected for waterfl ooding . 

Hydroxides o f  l igh t me t�l s ; e . g . , sod ium hydroxide , 
NaOH , or  p o t as s ium hydroxide , KOH . 

Descr ib ing a t oxic e f f e c t  which is l ong in ons et 
and duration . 

Carbon monoxid e . 

Chemical s added to was tewaters during treatmen t  
in order t o  cause dispersed suspended particles 
to aggregate and s e t t l e  ou t . 

A legal demarcation l ine d ividing the coastal 
waters o f  the United States  into two regions : 
onsho re and o f f shore . The b as eline is 
e s s entially a " smoo thed" version of the U . S .  
coas t l ine , and is us ed as a re ference l ine for 
the cal culation of  the 3-mile l imit and o ther 
coas t l ine-b ased demarcat ions . 

Comb ination of  Forward Combus t ion and Wat erflood ing ; 
a wet combus t ion pro cess  developed by the Amoco 
Produc t ion Company . (For descrip t io n  see Chap t P r  
IV , Sect ion C . 2 . 2 .  o f  this r epor t . )  

Carb oxyhemoglobin , a mod ified form o f  hemo glob in 
formed when hemo globin reac t s  wi th carbon monoxide ; 
i t  is incapab le o f  carrying oxygen as normal 
hemo globin does . 

A so l id residue rema ining from the des truc tive 
( anaerob ic)  dis t il la tion o f , e . g . , petro leum . 

Wat er which was laid down and entrapped with 
s ed imentary dep os it s ,  as dis t inguished from 
migratory waters tha t have fl owed into deposits  
after they were laid  down . 

The gently sloping submerged edge o f  a cont inen t . 

Chemicals us ed together with sur fa c t an t s  in 
micellar-po lymer operations to control the 
s t ab ility and vi s co s i ty of the micellar s lug . 



cracking 

CRSTER 

crude o i l  

deep ho rizon wel l s  

disper s ion 

d i s t illate fuel 

d ivalent cat ions 

e f fluent 

emis s ion factor 

emul s i f icat ion 

emul s ion 

enhanc ed recovery 

EPA 

ep idemiqlogic al 

estuary 

Reduction o f  the mo lecular wei gh t  o f  hyd ro carbons , 
part icularly petroleum hyd ro carbons , through any 
one o f  a numb er o f  thermal o r  cataly t i c  me thods . 

A comput erized , ma themat ical model o f  the dis
pers ion o f  air p o l lutants develo ped by the U . S .  
Environmental P ro te c t ion Agency . 

Unr e f ined o i l . 

Fo r purpos es o f  this report , wel l s  drilled deeper 
than 1 5 , 000 feet . 

The movement o f  poll utants (e . g . ) in the environ
ment ; e . g . , the disper s ion of s t ack gases in the 
atmo sphere , or the d i spers ion of discharged 
b r ines in coastal waters . 

Any one o f  a wide variety o f  fuels obtained from 
frac tions b o i l ing above the temperature at  whi ch 
gaso l ine comes o f f  in the d i s t i l lat ion o f  petroleum . 

Ions with a douhle  p o s i t ive charge ; e . g . , the 
1 . c ++ ++ c a  c ium ion , a , or  the magnes ium ion , Mg . 

A was t e  (mo s t  commonly a l iquid was t e )  d i s charged 
from a par t icular proce.s s . 

A factor express ing the amount o f  pollutant 
( generally an atmo spheric pol lutan t )  released per 
uni t  activity o f  a part i cular pro c es s ; e . g . , pound s 
o f  so2 produced per pound o f  fuel burned by a b o i ler . 

The forma t ion o f  a s tab le d i sp ers ion ( an emuls ion) 
of one l iquid in ano ther l iquid with whi ch it is 
immi s c ible ; e . g . , the fo rmat ion of an o il-water 
emul s ion . 

See EMULSIFICATION . 

Secondary or t er t iary recovery t echnique s . 

U . S .  Environmental Protec t ion Agency . 

Pertaining to or  mak ing use of  data on pub l ic 
heal th s t a t i s t i c s . 

The region near the mouth o f  a r iver where i t  
ent ers the oc ean ; charac ter i z ed by measurable 
d iluton o f  seawa ter wi th inflowing freshwa t er . 



evaporation ponds 

far o f f  shore 

FEA 

f ield 

fireflooding 

flowing we lls 

flue gas 

freewat er kno ckout 

gas inj ec tion 

gas l i f t  

geome tric mean 

HC 

his top athology 

hyp er saline 

inj ec tion 

inj e c t ion well 

Ponds us ed to evaporate brines and o ther liquid 
was tes to dryiness for subs equent disposal . 

The region o f  U . S .  coas tal wa ters outside o f  the 
3-mile l imi t . 

Federal Energy Adminis trat ion . 

The s ur face p ro j e c t io n  o f  an o i l  reservo i r ; the 
sur f  ace region in whi ch wel l s  can be sunk for 
the p rupose  of oil p roduc tion . 

In- s i tu combus tion ( q . v . ) .  

Wells  in wh ich the natural pres sure o f  o i l  in the 
res ervo ir is sufficient to raise o i l  to the 
sur fac e . 

Gas eous combus t ion produc t s , such as the process 
gas es p roduced by in-s itu combus t ion . 

Preliminary s eparation o f  nonemulsi fied oil  f rom 
produced wa ter . 

Inj ec tion o f  gas ( generally natural gas ) into an 
o i l  res ervo ir to push o i l  up to the surface 
through a produc tion we ll . 

Me thod o f  rais ing o i l  from the re servo i r  to 
the sur face b y  inj e c t ing gas into the wel l  below 
a column of o i l . The gas mixes with the oil  
and exp ands , ligh tening the fluid and lif ting 
it to the surface . 

A type o f  average o f  a s e t  o f  n measuremen ts 
ob taine d by taking the nth ro o t  o f  the produc t 
o f  the measuremen ts . 

Hydro carbons , generally non-methane hydro carb ons . 

The branch o f  p athology that deals wi th tis sue 
changes assoc iated wi th dis ease . 

Having a high s al ini ty or sal t concentratio n .  

The sub surface emp lacement o f  f luids ; the 
emp lacemen t o f  fluids underground generally b y  
forced pump ing . 

A well through which f luids are inj ected into 
sub surface forma t ions . 



in-situ combus tion 

leaching 

lease 

MBAS 

MCF 

MMCF 

mic el lar 

micellar-po lymer technique 

micel lar s lug 

MMB tu 

mob ility buf f er 

mo rb idity 

mo r ta l i t y  

NAAQS 

near o f f sho re 

The combus tion o f  part o f  the o i l  in a reservo ir , 
sus tained through the inj e c tion o f  air , in o rder 
to create condi tions favorable to the p ro duc t io n  
o f  the non-combus ted o i l . 

The s olution o f  p o llutants in wa ter as i t  
perco lates down through underground p o l lu tion 
s ources such as landf ills . 

In a petroleum law ,  the r ight to remove hydro
carbons underlying a part icular surface area . 

Methylene b lue active sub s tances ; surfactants . 

One thous and cub ic feet (e . g . , o f  a gas ) . 

One million cub ic feet  (e . g . , o f  a gas ) . 

Describing a sys tem in which mo lecules (genera l ly 
surfac tant mo lecules ) aggregate into clump s known 
as mi celles . 

A technique in wh ich a surfac tant s lug is inj ec ted 
into a reservo i r  toge ther with a po lymeric 
mobility  buffer in o rder to increase the re covery 
of a wa terfloo d . 

A l iquid mas s  containing a high concentrat ion o f  
a surfactant . 

One mill ion B tu ' s .  

A polymeric solut ion having unusual visco s i ty 
p ropertie s  inj ec ted into an o i l  res ervo ir 
fol lowing a micellar slug in o rder to control 
the movement of the s lug through the reservo ir 
and to p revent its dis s ipation . 

In pub lic heal th , diseas e , as opposed to death 
(mortality ) . 

See MORB IDITY . 

Na tional Amb ient Air Quality Standard s , maximum 
limi ts s e t  by the Federal gove rnment for t ime 
average conc entra tions o f  part icular po llutants 
in the atmo sphere . 

Coa s tal wa ters fall ing inside the 3-mil e  l imi t .  



nears ho re 

96 hr LC 5 0  

NO 
x 

ocs 

o il f i eld b r ine 

Outer Continent al Shelf 

oxygen s cavenger 

p araf f ins 

part iculate  

p ar t ition c o e f f i c ient 

pho to chemical 

pho to chemical a ir p o l lu t ion 

PM 

poin t  source 

pore vo lume 

ppb 

ppm 

Coa s tal waters located inside the so-called 
coastal base line ; e ss ent ially , inland coastal 
bays and inle t s . 

A concentra t i on o f  a part icular chemical in a 
water b ody whi ch wi l l  p ro duce mo r t a l i ty in 50 
p er cent of the res iden t  or gani sms of a part icular 
species wi thin a period of  96 hours . 

Ni tro gen oxides . 

Outer Cont inental Shelf  ( q . v . ) .  

P ro duced waters (q . v . ) .  

That region o f  the continental shel f b eyond the 
3-mile l imi t . 

Chemical s added to inj ected wa ters to consume 
excess  oxygen whi ch might o therwi s e  corrode well 
cas ing . 

A s aturated , al ipha tic (q . v . ) ,  s traigh t-chain 
hydrocarbon ; general mo lecular formula C

n
H

Zn+2 . 

Cons i s t ing o f  o r  made up o f  particles . 

A parame ter d e s c r ib ing the a f f inity o f  a 
part icular solute for dif f erent so lvents . 

Describ ing chemical reac t io ns whi ch are cataly z ed 
by ligh t .  

A mixture o f  par t ially oxid i z ed gas eous hydro
carbons p ro duced b y  the ac t io n  of pho tochemic al 
oxidants ( e . g . , o zone , ni tro gen oxides ) ,  on 
hydro carbons in the atmospher e .  

Par t iculate  ma t ter . 

A source o f  concentrated emis s ions o f  a p o l lutan t ; 
e . g . , a smokes tack or a p ipe dis char ging liqu id 
was tes into a wa ter b ody . 

The vo lume o f  emp ty space in an o i l  res ervo ir , 
therefore the maximum vo lume of  fluids which 
can be s tored in the res ervo ir . 

Parts per b il lion . 

Par ts  per mil l ion . 



p r imary o i l  recovery 

pref lush 

produced fluids 

p ro duct ion 

p roduced wa ter 

p roduc t ion we l l  

proj e c t  

receiving wa ter 

r educ ing bacteria 

regress ion ana lys is 

res ervo ir 

res idual fuel o il 

secondary o i l  recovery 

seques tering agents 

sess ile 

O i l  re covery through natural pressure or pump ing , 
recovery whi ch takes place without any alterat ion 
of na tural reservo i r  cond it ions . 

The f irst  phas e  o f  micellar-po lymer recovery , in 
whi ch a brine s o lut ion is inj ec ted in to the 
forma t ion to ( 1 )  p rovide a tracer analy s i s  o f  the 
p roj ect  f low charact er i s tics , ( 2 )  adj us t salin i ty 
i f  necessary , and ( 3 )  reduce the concentra t ion 
of divalent ions in the reservo ir wh ich may 
adversely affec t  the act ion of the micellar s o lu t ion . 

The o il , wa ter , and natural gas wh i ch are carr ied 
up an o i l  well from a reservo ir . 

The ext rac t ion o f  fluids from an o i l  reservo ir . 

Wat er p roduced from an o il res ervo ir and mixed 
with the p roduced o i l . S ee OILFIELD BRINE , BRINE . 

A wel l  through wh i ch produced f luids are ext racted 
f rom an o i l  reservo ir . 

A p i l o t  o il product ion operat ion , cons is t ing o f  a 
small numb er ( 2  to 5 )  o f  we l l s  ( g enerally used 
only for tert iary recovery ) . 

A wa t er body into wh ich was tes are d i s charged . 

Bacteria wh ich are capab le o f  chemi cally trans
forming oxid i z ed forms of sulfur ( s uch as 
sulfa t e )  to hyd ro gen sulfide gas . 

S ta t i s t ical analy s i s  des igned to determined the 
magni tude of correlat ions be tween two var iables . 

A sub surface format ion of  porous ro ck , saturated 
with o i l , wa ter , and na tural gas , and capped by 
an impermeab le format ion . 

Topped crude petroleum o f  vis cous res iduums f rom 
refinery operations . 

The inj ect ion o f  wa ter or gas in t o  a reserv o i r  
to  push o il up thro11gh a produ c t ion we l l  o r  t o  
ma intain res ervo i r  p re s sure . 

Chemicals added to inj ected wa ter to p r event 
scale forma t ion in inj e c tion we l l s . 

Non-mob i l e . 



s ludge 

s team d is tilla t ion 

steam drive 

s t eam inj ection 

s t e am s oak 

s t eamflooding 

s tr ipper wells 

sub le thal 

sur fac tant 

suspended sol ids 

sweep effic iency 

s ynergistic  

TDS 

ter t iary o il r ecovery 

A s emi-s o l id byproduc t p roduced in the trea tment 
of was tewat ers , especially municipal sewage was tes . 

Sul fur dioxide . 

Sul fur oxides , sul f at e , sul furic acid , sulfur 
trioxide , sul fur d ioxide . 

Vo l a t il ization o f  par ticular components o f  a l iqu id 
mixture through the inj ec tion of s t eam . 

A s t eam inj ect ion p ro c e s s  in wh ich the s team is 
inj ected cont inuously throughout the produc t ion 
pro c ess . 

The inj ec tion o f  s t eam into an o il reservo ir to 
decrease the vis cos ity of o il and drive i t  towards 
the produc t ion wel l . 

A s team inj ect ion process  in which the s team is 
inj ected for only a sho r t  t ime a t  the beginning 
of the produc tion phase . 

S te am inj e c tion . 

Wel l s  which p ro duce less  than 10 barrels per day . 

Describ ing a toxic e f f ect  which does no t resul t 
in death . 

Surface ac t ive agent ; a chemical which reduces the 
in terfacial tens ion b e tween o il and water , 
s tab i l i z ing o il-water emuls ions and increas ing 
the mis c ibi l i ty of o il in water . 

P ar t iculate mat ter wh ich does no t s e t tle out o f  
the wa ter body or was te s tream i n  which i t  i s  
found after a b rief s e t t l ing period . 

The ratio o f  the volume swept  out by inj ec ted 
flu id to the vo lume of a res ervo ir . 

Describ ing an int eract ion b e tween two chemi cals 
in which the comb ined toxic e f f e c t  o f  the two 
chemical s i s  greater than the sum o f  the effects  
p roduced if the chemicals are  adminis tered 
s eparat ely . See ADDITIVE and ANTAGONISTI C .  

Total d is s o lved s o l ids . 

The us e o f  chemical o r  the rmal me thods to  
increase o i l  recovery f rom a res ervo i r .  



threshold 

TL50 

t urbidity 

ver t ical heat er-treater 

UIC 

wel lhead 

we t combus t ion 

we t tab ility 

we t t ing 

we t ting agent 

WSF 

vis cos ity 

water drive 

A level j us t  b elow which a cert ain effect will 
no t be ob served . For example , a toxic chemical 
is said to exhibit threshold behavior if it 
produces no effects below a certain concentra tion . 

A concentration o f  a toxic sub s tance wh ich pro
duces 5 0  percent mortality in a par t icular 
species wi thin a s ta t ed t ime perio d ; gener a l l y  
a 9 6  hr  LC50 (q . v . ) .  

Absorp t ion and scat tering of ligh t by suspended 
particles in a water body . 

A device wh ich uses the rmal me thods to "b reak" 
o il-water emuls ions and thereby to separate the 
oil and water phases of the emuls ion . 

Underground Inj ec tion Control (Regulations ) ,  
promulgated by EPA to protect underground wa ter 
supplies from contamination by leakage from 
inj ect ion wells . 

The top o f  the well ; e . g . , price o f  o il at 
the wellhead . 

The inj ection of water into a format ion heated 
by in-situ combus tion . 

As appl ied to pe tro leum res ervo irs , the relat ive 
affinity o f  the coexis ting o il and water phas es 
for the surfaces of pores in the reservoir . If 
the rock is predominantly in contact with wat er 
(ra ther than oil) , it is said to be preferen
t ially water-wet . Similarly , if the rock is 
p redominantly in direct contact wi th oil , it is 
s aid to be o il-we t .  

The adhes ion o f  a liquid t o  the surface o f  a 
s olid . 

A subs tance which increases the affinity o f  a 
part icular solid for a liquid , hence , a substance 
which increases wet tability . 

Wat er-soluble frac tion (q . v . ) .  

The internal resis tance o f  a liquid to shear 
forces , and therefore to flow . 

Me thod o f  produc t ion in which wa ter is inj ected 
into an o il res ervo ir to move oil towards and 
up a produc tion well . 



wa ter-soluble fra c t io n  

wa t e r  qua l i ty c r i t e r ia 

wa ter f looding 

wel l  

we l l  failur e 

A hydro carbon mixture formed by mixing o i l  and 

wa ter and by s epara t ing any res idual or emul s i f ied 

o il f rom the resul t ing solution . Cons i s t s  p r i

mar ily of the aroma t ic componen t s  o f  crude o i l . 

Max imum levels s e t  by the EPA for par t i c ular 

chemicals in amb ien t wa ters . 

The inj e c t ion o f  wa ter to enhance o il recovery . 

A ver t i cal , l ine p ipeline drilled from the 

sur face of the ground to a geo logical f o rma t ion 

s uch as an oil reservo i r  in order to allow the 

passage of fluids f rom the reservo i r  to the 

sur fac e . Als o  used to indicate such pipelines 

drilled for the purpose of sub s ur face emp lacemen t  
o f  fluids ; i . e . , inj e c t io n . 

The development o f  cracks in the casing o f  a we ll 

al lowing the leakage o f  produced o r  inj ec ted 

fluid s . 
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