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INTRODUCTION 

A DOE/EV-sponsored workshop on enhanced o i l  recovery  (EOR) was h e l d  a t  

Montana S t a t e  U n i v e r s i  t y  , Bozeman, d u r i n g  August 24-27 , 1980. The t h i  r t y  par -  

t i c i p a n t s  represented  i n d u s t r y ,  p r i v a t e  c o n s u l t i n g  companies, academia, na- 

t i o n a l  l a b o r a t o r i e s ,  env i ronmenta l  o r g a n i z a t i o n s ,  and personnel from DOE and 

o t h e r  government agencies. The purpose o f  t h e  workshop was t o  d iscuss  t h e  

v a l i d i t y  o f  scenar ios  f o r  inc reased EOR p roduc t i on ;  t o  i d e n t i f y  s p e c i f i c  en- 

v i ronmen ta l ,  h e a l t h ,  and s a f e t y  i ssues  re1 a ted  t o  EOR; and t o  i d e n t i f y  quan- 

ti t a t i v e  methods f o r  assessments o f  impacts. Workshop del i b e r a t i o n s  w i l l  be 

used by n a t i o n a l  1 abo ra to ry  s c i e n t i s t s  i n  t h e i r  DOE-sponsored e v a l u a t i o n  o f  

t h e  env i ronmenta l  , h e a l t h ,  and s a f e t y  (EH&S)  aspects  o f  inc reased E O R  produc- 

t i o n .  

I n  a d d i t i o n ,  t h e  workshop at tempted t o  c l  a r i  f y  the  d i  s t i  n c t i  on between 

env i ronmenta l  , h e a l t h ,  and s a f e t y  i ssues  t h a t  a re  subs tan t i ve ,  and those con- 

s i  dered impor tan t  s imply  because the  Val i d i  t y  o f  t h e i r  p rev ious  documentation 

has n o t  been cha l lenged.  Several s e n s i t i v e  areas were cons idered such as 

r e l e a s e  o f  p r o p r i e t a r y  i n f o r m a t i o n ,  peer rev iew o f  pub1 i s h e d  r e p o r t s ,  and 

u n o f f i c i a l  comments by i n d i v i d u a l  s concern ing  t h e  v i e w p o i n t s  o f  severa l  

agencies and o i l  companies. To encourage f r e e  and open exchange o f  in fo rma-  

t i o n ,  formal  p r e s e n t a t i o n s  were h e l d  t o  a minimum, no quotes were a t t r i b u t e d  

t o  s p e c i f i c  i n d i v i d u a l s ,  and proceedings were n o t  recorded. 

I n f o r m a t i o n  p r o v i d e d  a t  r e g i s t r a t i o n  i n c l u d e d  an agenda (Appendix A) ;  

b i o g r a p h i c a l  sketches o f  workshop p a r t i c i p a n t s  (Appendix  B ) ;  background l i s t s  

o f  p o t e n t i a l  EOR env i ronmenta l  and h e a l t h  i s s u e s  (Appendix C ) ;  and es t ima tes  
o f  E O R  p r o d u c t i o n  ( i . e . ,  scenar ios)  by the  DOE/Energy I n f o r m a t i o n  Admin i s t ra -  

t i o n  ( E I A ) ,  t h e  o i l  i n d u s t r y ,  and severa l  n a t i o n a l  l a b o r a t o r y  researchers  

( Appendi x D) . 
Q u e s t i o n n a i r e s  were p e r i o d i c a l l y  d i s t r i b u t e d  t o  h e l p  p a r t i c i p a n t s  focus 

on s p e c i f i c  i ssues  such as p roduc t i on  scenar ios ,  env i ronmenta l  impacts, and 

q u a n t i t a t i v e  assessment methodologies.  Harbr idge House, I n c .  , a p r i v a t e  con- 

su l  ti ng o rgan iza t i on ,  was h i  r e d  t o  prepare and admi n i  s t e r  the  ques t ionna i  res ,  

and t o  analyze the  r e s u l t s  (Appendix E) .  
The conference was a t tended by f i v e  o i l  company r e p r e s e n t a t i v e s  and 25 

o t h e r  p r o f e s s i o n a l s  drawn f rom ranks  o f  government and academia. A1 though t h e  

c- L 
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workshop was o r i g i n a l l y  designed t o  focus s p e c i f i c a l l y  upon EOR, t he  p a r t i c i -  

pan ts  reached seve ra l  conc lus ions  t h a t  re1 a t e  t o  o t h e r  DOE technology 

assessments, and which may a1 so p r o v i d e  g u i  dance t o  n a t i o n a l  1 abo ra to ry  

researchers  i n t e r e s t e d  i n  EH&S aspects  o f  severa l  new techno log ies .  T h i s  

r e p o r t  summarizes i m p o r t a n t  conc lus ions  reached a t  t he  workshop, most o f  which 

r e p r e s e n t  a consensus among p a r t i c i p a n t s .  

The agenda opened w i t h  a session on es t ima tes  o f  EOR p r o d u c t i o n  i n  the  

y e a r  2000. T h i s  was t o  p r o v i d e  a l l  workshop p a r t i c i p a n t s  w i t h  1) an under- 

s tand ing  o f  t h e  f u t u r e  p o t e n t i a l  o f  EOR and 2 )  a background f o r  d i scuss ions  o f  

e n v i  ronmental , heal  t h  and s a f e t y  issues,  as w e l l  as d i scuss ions  o f  c o n s t r a i n t s  

which may l i m i t  EOR p roduc t i on .  The f o l l o w i n g  sess ion focused s p e c i f i c a l l y  on 

EH&S, and i n c l  uded environmental  i s t s  and p r i v a t e  consul  t a n t s .  To compl e t e  t h e  

formal  d i scuss ions  o f  t h e  f i r s t  day, a sess ion was devoted t o  t e c h n i c a l  and 

r e g u l a t o r y  c o n s t r a i n t s .  I n d u s t r i a l ,  env i ronmenta l  , and governmental perspec- 

t i v e s  on r e l e v a n t  i ssues  were o f f e r e d  by s e l e c t e d  p a n e l i s t s .  
O p p o r t u n i t i e s  were p r o v i d e d  f o r  i n f o r m a l  d i scuss ions  d u r i n g  severa l  l u n -  

cheons and evening a c t i v i t i e s .  The s t r u c t u r e d  p o r t i o n  o f  t he  workshop con- 

t i n u e d  on t h e  second day, w i t h  p a r t i c i p a n t s  grouped i n t o  two concur ren t  ses- 

s i  ons. The f i  r s t  c o n t i  nued d i scuss ions  o f  p r o d u c t i o n  scenar ios , model s used 

t o  p r e d i c t  f u t u r e  EOR p r o d u c t i o n  l e v e l s ,  t e c h n o l o g i c a l  breakthroughs, r e g u l a -  

t i o n s ,  env i ronmenta l  c o n t r o l  t echno log ies ,  o f f s h o r e  EOR, and Alaskan EOR. The 

second group concen t ra ted  on techno1 o g i c a l  , conserva t i on ,  and s a f e t y  aspects  

o f  EOR,  on methods f o r  q u a n t i f y i n g  environmental  impacts,  on r e g u l a t o r y  p ro -  

cesses, and on o t h e r  EH&S c o n s i d e r a t i o n s .  A l l  p a r t i c i p a n t s  worked t o g e t h e r  on 

t h e  t h i r d  day t o  d iscuss t h e i r  f i n d i n g s  and conc lus ions .  

EOR I N  THE YEAR 2000: PRODUCTION ESTIMATES AND REGULATORY CONSTRAINTS 
PRODUCTION AND THE WINDFALL PROFITS TAX 

Expec ta t i ons  f o r  EOR p r o d u c t i o n  were d iscussed i n  the  c o n t e x t  o f  f e d e r a l  

programs t o  s t i m u l a t e  o i l  p roduc t i on ,  and i n  terms o f  p r o d u c t i o n  scenar ios  

f o r m u l a t e d  by bo th  i n d u s t r y  and government. A r e p r e s e n t a t i v e  f rom a major o i l  

company p r o v i d e d  an i n d u s t r i a l  p e r s p e c t i v e  o f  f u t u r e  EOR p roduc t i on .1  F i g u r e  

1 A  shows a t h e o r e t i c a l  n a t u r a l  d e c l i n e  cu rve  o f  d a i l y  o i l  p r o d u c t i o n  a t  a 

g i v e n  f i e l d  as a f u n c t i o n  o f  t ime,  s t a r t i n g  f rom i n i t i a l  p roduc t i on .  The 

shaded area i n  F i g u r e  16 rep resen ts  t h e  t h e o r e t i c a l  a d d i t i o n a l  o i l  produced as 

a r e s u l t  o f  a p p l y i n g  some s p e c i f i c  EOR process. T h i s  a d d i t i o n a l  amount o f  

- 2 -  
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Figure 1. Theoretical production decl ine curve. Incremental EOR production 
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recove red  o i l  i s  termed " t r u e  EOR" and i s  t h e  n e t  ga in  i n  p r o d u c t i o n  and 

reserves because o f  t h e  a p p l i c a t i o n  o f  a s p e c i f i c  EOR technology.  

t i o n  a r i s e s  because o f  t h e  W i n d f a l l  P r o f i t s  Tax (WFPT), which i n te rposes  on 
t h e  p r o d u c t i o n  curve seve ra l  p r e d e f i n e d  r a t e s  o f  p r o d u c t i o n  decl  i ne above 

which d a i l y  o i l  p r o d u c t i o n  i s  o f f i c i a l l y  termed "EOR" (see F i g u r e  1C). The 

reason f o r  t h i s  i s  t o  p r o v i d e  a b a s i s  f o r  reduc ing  t h e  e f f e c t  o f  t h e  WFPT on 

t h e  a p p l i c a t i o n  o f  an EOR process. 

The W i n d f a l l  P r o f i t  Tax l e g i s l a t e s  an a r b i t r a r y  s t a t u t o r y  t a x  d e c l i n e  

r a t e  o f  1% per  month, s t a r t i n g  January 1, 1979, f o r  determin ing the  t a x  r a t e s  

which w i l l  be a p p l i e d  t o  o i l  produced a f t e r  t h e  beginning o f  t h e  EOR process. 

Wi th  t h e  beginning o f  an EOR process, t h e  t a x  d e c l i n e  r a t e  becomes 2-1/2% per  

month. Any o i l  produced a f t e r  t h e  s t a r t  o f  t h e  EOR process which exceeds t h e  

1 t o  2-1/2% curve i s  t axed  a t  a lower W i n d f a l l  P r o f i t  Tax r a t e .  
R e f e r r i n g  now t o  t h e  p r o d u c t i o n  d e c l i n e  curve o f  F i g u r e  2, p o i n t  A rep re -  

sents  t h e  i n t r o d u c t i o n  o f  a s p e c i f i c  EOR technique.  P o i n t  B i s  t he  i n s t a n t  i n  
t i m e  a t  which a l l  o i l  i s  t axed  a t  t h e  l owes t  W i n d f a l l  P r o f i t  Tax r a t e .  P o i n t  

C r e p r e s e n t s  t h e  normal d e c l i n e  o f  p r o d u c t i o n  over t ime u n t i l  t he  economic 

l i m i t  o f  p r o d u c t i o n  i s  reached. The area bounded by t h e  curve DOE rep resen ts  

t h e  i nc remen ta l  o i  1 p r o d u c t i o n  r e s u l t i n g  f rom a p p l i c a t i o n  o f  an EOR process. 

The area bounded by t h e  p o i n t s  ABCEOD i s  a l l  taxed a t  t h e  lowest  W i n d f a l l  

P r o f i t  Tax r a t e .  The s o - c a l l e d  i n c e n t i v e  p r o v i d e d  by the  t a x  i s  the o i l  pro-  

d u c t i o n  bounded by p o i n t s  ABCD which has t h e  same t a x  t rea tmen t  as o i l  ob- 

t a i n e d  by a p p l i c a t i o n  o f  an EOR process. 

The d i s t i n c t i o n  between DOE ( i . e . ,  new EOR) and ABCEOD ( l e g a l l y  d e f i n e d  

EOR) may make investment  i n  EOR p r o j e c t s  economical ly  a t t r a c t i v e  t o  the  o i l  

companies, because t h e  t a x  r a t e  on EOR p r o d u c t i o n  i s  o n l y  30% compared t o  70% 

on pr imary p roduc t i on .  However, t h i  s can a c t u a l  l y  work agai n s t  t h e  p e r f e c t i o n  

o f  EOR technology,  because t h e  a c t u a l  e f f e c t i v e n e s s  o f  t he  process i s  n o t  as 

impor tan t ,  i n  a l e g a l  sense, as t h e  economics o f  t he  EOR technique.  I t  i s  

o f t e n  i n  a company's i n t e r e s t  t o  apply  an i nexpens ive ,  l e s s  r i s k y ,  and perhaps 

l e s s  e f f e c t i v e  technique, whi ch w i  11 neve r the less  q u a l i f y  t he  r e s e r v o i r  f o r  

t h e  reduced t a x  r a t e .  More expensive and r i s k y  ( b u t  more e f f e c t i v e )  tech-  

n iques may go untested.2 

I n d u s t r y  r e p r e s e n t a t i v e s  r e p e a t e d l y  v o i c e d  t h e  o p i n i o n  t h a t  t h e  WFPT has 

h u r t  o v e r a l l  U.S. o i l  p r o d u c t i o n  and was t h e r e f o r e  adverse ly  a f f e c t i n g  some 

A compl ica- @ 
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EOR processes as w e l l .  I n t e r e s t i n g l y ,  a number o f  t he  government representa-  

t i v e s  seemed t o  agree w i t h  t h i s  p o i n t .  "WFPT/EOR" cou ld  t h e o r e t i c a l l y  l e a d  t o  

very  l i t t l e  g a i n  i n  proven reserves  and, perhaps, c o u l d  n e g a t i v e l y  a f f e c t  

f u t u r e  recovery  as producers rush  t o  app ly  t h e  l e a s t  c o s t l y  and o f t e n  t h e  

1 e a s t  e f  f e c t i  ve techno l  ogy . 
Ex i  s t i n g  P roduc t i on  Est imates and Scenar ios 

The d i s t i n c t i o n s  i n  pe rcep t ion  o f  t e r t i a r y  o i l  by i n d u s t r y  and government 

a r e  p a r t i c u l a r l y  impor tan t  f o r  EOR p r o d u c t i o n  scenar ios.  For  severa l  yea rs  

t h e  DOE/Energy I n f o r m a t i  on Acini n i  s t r a t i  on ( E I A )  has been developing scenar ios  

f o r  f u t u r e  EOR p roduc t i on  based on a methodology t h a t  pu rpo r t s  t o  screen each 

f i e l d  f o r  t h e  most p romis ing  recovery technology (Appendix D 1 ) .  As presented  
by an E I A  spokesperson, t h e  most r e c e n t  a p p l i c a t i o n  o f  E I A  screening tech-  

n iques p r e d i c t e d  1,230,000 b a r r e l s  o f  o i l  per  day f rom EOR by 1995, down 

400,000 bb l /day  f rom t h e  preced ing  y e a r ' s  p r e d i c t i o n s .  Other DOE speakers 

e s t i m a t e d  t h a t  f rom 1 t o  3 m i l l i o n  b a r r e l s  o f  o i l  per  day cou ld  be ob ta ined  
s o l e l y  f r o m  t h e  160 f i e l d s  now de f ined  a s  EOR p r o j e c t s .  The t o t a l  EOR produc- 
t i o n  base was cons idered t o  be 20 t o  50 b i l l i o n  b a r r e l s .  

It was i n d i c a t e d  t h a t  downhole steam genera t ion ,  steam and a d d i t i v e s ,  o i l  
m in ing ,  and added p r o d u c t i o n  f rom t a r  sands c o u l d  i nc rease  p roduc t i on  some- 

what, perhaps by 20%, b u t  t h a t  t h e  b i g g e s t  unknowns were t h e  Alaskan Prudhoe 
Bay f i e l d ,  OCS ( o u t e r  c o n t i n e n t a l  s h e l f ) ,  and o t h e r  o f f s h o r e  o i l .  None o f  

these cons ide ra t i ons  were f a c t o r e d  i n t o  t h e  E I A  scenar ios .  It was i n d i c a t e d  

t h a t  an average-s ized p r o j e c t ,  such as M-1 i n  I l l i n o i s ,  p roduc ing  1800 bb l /day  
on 400 acres  would have t o  be r e p l i c a t e d  800 t imes t o  a t t a i n  the  p r o d u c t i o n  

l e v e l  o f t e n  p r e d i c t e d  f o r  U.S. EOR i n  t h e  1990s. 

D iscuss ions  o f  a b e s t  es t ima te  f o r  f u t u r e  EOR p r o d u c t i o n  con t inued  

th roughou t  t h e  workshop proceedings. As w i t h  a l l  r a p i  d l y  develop ing technol  - 
og ies ,  es t imates  o f  f u t u r e  p roduc t i on  are  d i f f i c u l t  t o  e s t a b l i s h .  The f i g u r e  
f rom t h e  r e c e n t  survey p u b l i s h e d  i n  t h e  O i l  and Gas Jou rna l  (March 31, 1980) 

i s  o f t e n  quoted as t h e  accepted one f o r  p r e s e n t  EOR p roduc t ion ,  a l though t h e  
385,000 b b l l d a y  g i v e n  as t o t a l  U.S. produc t ion  was n o t  agreed upon unanimously 

by t h e  p a r t i c i p a n t s .  

C r i t i q u e s  o f  Es t imates  and Scenar ios 

E I A  scenar ios  i n c l u d e d  h igh,  i n te rmed ia te ,  and low es t imates  f o r  each o f  

t h e  yea rs  1985, 1990, and 1995. These es t imates  were based on a model which 
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i n c l u d e d  no o f f s h o r e  EOR p r o d u c t i o n  and no c o n s i d e r a t i o n  o f  t echno log ies  such 

as g r a v i t y  dra inage o r  downhole steam genera t ion .  Models used t o  e s t i m a t e  EOR 
p r o d u c t i o n  were c r i t i c i z e d  f o r  the  f o l l o w i n g  reasons: 

Long l e a d  t imes f o r  new p r o j e c t s  n o t  adequate ly  i nco rpo ra ted .  

Ques t ionab le  c r i t e r i a  used t o  screen f i e l d s  f o r  EOR p roduc t i on  

techno log ies .  

Neg lec t  o f  t h e  sequen t ia l  a p p l i c a t i o n  o f  d i f f e r e n t  t echno log ies  

a p p l i e d  t o  a g i ven  f i e l d .  

Neg lec t  o f  o f f s h o r e  p roduc t i on  ( e s p e c i a l l y  Prudhoe Bay and 

Cal i f o r n i  a ) .  

A p r imary  emphasis on low temperature/ low s a l i n i t y  f i e l d s  ( r e p r e -  

s e n t i n g  o n l y  15% o f  t a r g e t  o i l  ) ,  whereas h i g h  tempera ture /h igh  sa l  i n -  

i t y  f i e l d s  rep resen t  50% o f  t a r g e t  o i  1. 

Several suggest ions were o f f e r e d  t o  improve these models, i n c l u d i n g :  

0 use o f  sc reen ing  c r i t e r i a  i n v o l v i n g  severa l  v a r i a b l e s  

0 use o f  a composite index t o  assess the  v i a b i l i t y  o f  a technology i n  

a g i ven  f i e l d  

0 i n c l u s i o n  of processes t h a t  use n i t r o g e n  o r  f l u e  gases i n  p lace  o f  

C O 2 ;  oxygen i n s t e a d  of a i r  f o r  i n  s i t u  combustion; downhole steam 

genera tors ;  e t c .  

0 i n c l u s i o n  o f  o f f s h o r e  f i e l d s  

0 a p p l i c a t i o n  o f  severa l  recovery techniques t o  any g i ven  f i e l d  

0 c o n s i d e r a t i o n  of l a r g e  numbers o f  sma l le r  f i e l d s .  

Screening C r i t e r i a  

A more d e t a i l e d ,  f i e l d - b y - f i e l d  p r o j e c t i o n  was o f f e r e d  by a researcher  

f rom P a c i f i c  Nor thwest  Labora tory . *  Th is  i n f o r m a t i o n ,  shown i n  Appendix D2, 
was prepared f o r  use by n a t i o n a l  l a b o r a t o r y  personnel  i n  t h e i r  h e a l t h  and 
env i ronmenta l  assessment o f  EOR.  The p r o j e c t i o n s  went r e l a t i v e l y  unchal -  

lenged, and it was dec ided t h a t ,  w i t h  minor  c o r r e c t i o n s ,  t h i s  p roduc t i on  sce- 
n a r i o  c o u l d  form t h e  b a s i s  o f  EH&S assessments by researchers.  

Caveats were o f f e r e d  on the  s u b j e c t  o f  sc reen ing  c r i t e r i a  i n  p roduc t i on  

scenar ios ,  a p a r t i c u l a r l y  d i f f i c u l t  i ssue  f o r  i n d u s t r y  rep resen ta t i ves .  They 

recogn ized  t h a t  sc reen ing  c r i t e r i a  a r e  necessary f o r  assess ing the  a p p l i c a b i l -  

*Operated by B a t t e l l e  Memorial I n s t i t u t e  f o r  the  U.S. Department o f  Energy. 
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i t y  of E O R  technologies t o  specif ic  reservoirs for regulatory and  government- 
support purposes. However, they issued several warnings. F i r s t ,  al  t h o u g h  
they are often t rea ted  as such, c r i t e r i a  are n o t  absolutes and should 
therefore be viewed as one s e t  of many possible decision aids.  Second, such 
c r i t e r i a  are often applied indiscriminately from reservoir t o  reservoir, 
despite the f ac t  t h a t  they are n o t  always appropriate. T h i r d ,  and most 
i m p o r t a n t ,  n o t  enough i s  known a b o u t  a l l  reservoirs and a l l  EOR technologies 
t o  support the establ i shment of immutable screening c r i t e r i a .  

Industry representatives recommended t h a t ,  i n  se t t ing c r i t e r i a ,  govern- 
ment analysts should follow industry practice:  i .e.,  they should specify 
"preferred c r i t e r i a "  a n d  s t a t e  ( a n d  observe) l imitations and  assumptions. 
Speci f i  c cr i  t e r i  a ,  whi  ch have been established t o  a i  d i n  computer oriented 
searches of candidate f i e lds ,  are frequently ignored i n  actual practice. (For 
example, evidence of a good waterflood can overshadow a l l  other c r i t e r i a  i n  
selecting a reservoir for  a m i  cell  ar-polymer f l o o d .  ) 

Factors f o r  Product ion  Rates 

Further discussions of future production took  place i n  a special session 
on the second day of the conference. I t  was t h o u g h t  tha t  production o f  
enhanced o i l  would increase t o  between 900,000 and  1,200,000 bb l lday  by the 
year 2000. Actual production could d i f fe r  from these projected figures f o r  
several reasons. For example, offshore production, Prudhoe Bay production, 
m i n i n g  o i l  sands, and  technological innovations such as downhole steam 
generators and bet ter  mobility control could increase production 
substant ia l ly .  On the other hand ,  r ising costs of items such as chemical a n d  
environmental control technologies are making  EOR more expensive and hence may 
reduce future production below the projected figures.  

DOE cost-sharing programs were welcomed by most representatives of indus- 
t r y ,  who indicated a need f o r  such al l iances  i n  the future.  Since the lead 
time f o r  E O R  projects i s  from 4 t o  10 years,  long-term stable  government 
policy on EOR i s  c r i t i c a l  t o  the i r  development. Industry representatives also 
suggested t h a t  a d d i t i o n a l  t a x  incentives f o r  high cost and  h i g h  r isk 
processes, such as micellar-polymer and  CO2 flooding, would help t o  a t t r a c t  
more capital  investment t o  EOR projects;  for  example, they implied t h a t  
expensive EOR technologies requiring m i  ce l la r  polymers would have been cost 
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c o m p e t i t i v e  had i t  n o t  been f o r  t h e  i n c r e a s e d  burden posed by the  w i n d f a l l  

G9 prof ts tax* 
Al though t h e r e  a re  l a r g e  o i l  r ese rves  t h a t  can be recovered by t e r t i a r y  

methods, seve ra l  p a r t i c i p a n t s  l a c k e d  opt imism f o r  t h e  f u t u r e  o f  EOR. They 

based t h i s  on seve ra l  f a c t o r s :  t h e  impacts o f  t h e  w i n d f a l l  p r o f i t s  t ax ;  t he  
l a c k  o f  p r o v i s i o n  f o r  any opt imism i n  t h e  Energy I n f o r m a t i o n  A d m i n i s t r a t i o n ' s  

f o r e c a s t i n g  procedure,  which i s  an economic model; and t h e  l a c k  o f  c o n s i s t e n t  

f e d e r a l  p o l  i c i  es [ especi  a1 l y  s u p p o r t i  ve p o l  i c i  es ( i n t h e  a f  orementi oned 

c o n t e x t ) ]  on EOR. Because o f  these shortcomings, t h e  o i l  i n d u s t r y  o f t e n  
decides i n  f a v o r  o f  e x p l o r a t i o n  f o r  new o i l  r a t h e r  t h a n  EOR. Several o i l  

company p a r t i  c i p a n t s  ment ioned t h a t  e x p l o r a t i o n  has h i s t o r i c a l l y  been sub- 

s t a n t i a l l y  more c o s t  e f f i c i e n t  t han  EOR. Moreover, i f  new o i l  i s  d iscovered, 

t h e r e  i s  t y p i c a l l y  a b e t t e r  u p - f r o n t  p a y o f f ,  w h i l e  some EOR processes r e q u i r e  

heavy, u p - f r o n t  investment  and y i e l d  s low r a t e s  o f  r e t u r n .  

O i l  i n d u s t r y  r e p r e s e n t a t i v e s  opined t h a t  o v e r l y  r e s t r i c t i v e  r e g u l a t i o n s  

were r e s p o n s i b l e  f o r  t h e i r  l a c k  o f  conf idence i n  t h e  f u t u r e  o f  EOR. They f e l t  

t h a t  t h e r e  i s  o f t e n  a l a c k  o f  cons is tency between f e d e r a l ,  s t a t e  and l o c a l  

r e g u l  a t i  ons, r e s u l  ti ng i n  time-consumi ng and c o s t l y  a t tempts a t  compl i ance. 

Thus, they a n t i c i p a t e  t h a t  i nc reased  EOR w i l l  occur very s low ly ,  d e s p i t e  t h e  

e x i s t e n c e  o f  enormous reserves o f  o i l  amenable t o  t e r t i a r y  processes. 

ENV IRONMENTAL, HEALTH, AND SAFETY IMPACTS 

Panel i s t s  d i  scussed seve ra l  env i  ronmental assessments by p r i v a t e  consul - 
t a n t s  and o t h e r s  f o r  both DOE and EPA, and concluded t h a t  these assessments 

were inadequate i n  b read th  and d e t a i l .  F o r  example, d e t a i l s  o f  a s p e c i f i c  
technology would be u s e f u l  when a p p l i e d  t o  a s p e c i f i c  f i e l d ,  b u t  such d e t a i l s  
were u s u a l l y  miss ing.  On t h e  o t h e r  hand, t h e  wide-ranging comparisons o f  

d i f f e r e n t  EOR t e c h n o l o g i e s  c o u l d  be u s e f u l l y  a p p l i e d  t o  p r o d u c t i o n  scenar ios,  

b u t  these, too,  were l a c k i n g .  

Several  p a r t i c i p a n t s  expressed t h e  b e l i e f  t h a t  EOR i s  env i ronmen ta l l y  

benign compared t o  o t h e r  f o s s i l  energy techno log ies .  F o r  example, they f e l t  

t h a t  m i  t i g a t i o n  s t r a t e g i e s  us ing  a v a i l a b l e  c o n t r o l  t echno log ies  cou ld  a l l e -  

v i a t e  env i ronmenta l  impacts i n  most  EOR a p p l i c a t i o n s .  Proposed f e d e r a l  and 

s t a t e  underground i n j e c t i o n  c o n t r o l  r e g u l a t i o n s  would m i t i g a t e  a q u i f e r  contam- 

i n a t i o n  due t o  o i l  o r  b r i n e s  w i t h o u t  s e r i o u s l y  a f f e c t i n g  f u t u r e  p roduc t i on .  
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A i r  emiss ions f rom C a l i f o r n i a ' s  heavy o i l  f i e l d s  r e q u i r i n g  steam i n j e c t i o n  

were p o s s i b l e  except ions;  s t r i c t  s t a t e  r e g u l a t i o n s  on thermal  EOR may a f f e c t  

f u t u r e  i nc reases  i n  p r o d u c t i o n .  These r e g u l a t i o n s  w i l l  r e q u i r e  s tack  

scrubbers which produce s o l i d  wastes, d i sposa l  o f  which i s  a l s o  c o n t r o l l e d  by 

r e g u l a t i o n s  f rom these same agencies. EOR p r o d u c t i o n  c o u l d  be a f f e c t e d ;  i n  

C a l i  f o r n i  a, f o r  exampl e, a i r  emi s s i  on standards may r e q u i r e  new steamf l o o d  

p r o j e c t s  t o  o b t a i n  o f f s e t s .  ( I n  some cases few such o f f s e t s  are p o s s i b l e . )  

Cal i f o r n i a  a1 so has s t r i c t  r e g u l a t i o n s  f o r  t h e  c e r t i f i c a t i o n  o f  s o l i  d waste 

d i sposa l  s i t e s ,  which may a l s o  a f f e c t  EOR p r o d u c t i o n .  

F u r t h e r  d i scuss ions  o f  env i ronmenta l  , heal  t h ,  and s a f e t y  (EH&S) 

c o n s i d e r a t i o n s  l e d  t o  severa l  i m p o r t a n t  conc lus ions:  

1. I t i s  e s s e n t i a l  t o  d i s t i n g u i s h  i ssues  which a re  s p e c i f i c  t o  EOR. 
E v a l u a t i o n s  o f  EH&S impacts  should cons ide r  t h a t  most EOR techniques 

a re  a p p l i e d  t o  a l ready  e x i s t i n g  o i l  f i e l d  p r o d u c t i o n  f a c i l i t i e s .  

F o r  example, opening up w i l de rness  areas i n  the  o v e r t h r u s t  b e l t  o f  
t h e  Western U.S. should n o t  be l i n k e d  t o  E O R ,  b u t  r a t h e r  t o  p r imary  

and secondary p roduc t i on .  The l a c k  o f  g e o l o g i c a l  i n f o r m a t i o n  t o  

adequate ly  desc r ibe  r e s e r v o i r s  i s  a problem endemic t o  o i l  

e x p l o r a t i o n  and p roduc t i on ,  n o t  n e c e s s a r i l y  s p e c i f i c  t o  EOR. The 

same may be s a i d  f o r  knowledge o f  b r i n e  composi t ions and t h e  

l o c a t i o n  o f  abandoned w e l l s .  On t h e  o t h e r  hand, concerns which are 

speci  f i  c t o  EOR i n c l u d e  polymer and s u r f a c t a n t  composi t ions and 

behav io rs ,  mobi 1 i t y  c o n t r o l  , separa t i on  o f  produced f l  u i  ds, a i r  po l  - 
1 u t i  on, t h e  c h a r a c t e r i  z a t i  on and d i  sposal o f  s o l  i d wastes, and 

groundwater con tamina t ion  f rom we1 1 cas ing f a i  l u r e s  and improper l y  

p lugged we1 1 s. 

2. P rev ious  EH&S assessments s u f f e r e d  because they emphasized i ssues  o f  

l e s s e r  importance. The o v e r t h r u s t  b e l t  i s  one such example. The 

i m p o r t a n t  env i ronmenta l  concerns, acco rd ing  t o  a broad consensus, 

are:  

0 a q u i f e r  con tamina t ion  due t o  cas ing  f a i l u r e s  and improper l y  

0 c o m p e t i t i o n  f o r  water i n  wa te r -sho r t  areas, 

p l  ugge d we1 1 s , 
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0 r e g i o n a l  a i r  p o l l u t i o n ,  

0 s o l i  d waste d isposa l  , 
0 w i  1 derness degradat ion  speci  f i  c a l  l y  due t o  inc rementa l  

0 occupa t iona l  s a f e t y  and h e a l t h  concerns. I n  t h i s  contex t ,  

inc reases  i n  pe t ro leum p roduc t i on ,  and 

a l i s t  o f  EOR chemicals f o r  s a f e t y  c o n s i d e r a t i o n s  would i n c l u d e  

about  a dozen compounds, r a t h e r  than the  hundreds so f r e q u e n t l y  

mentioned. 

An example o f  a ' l e s s e r  i s s u e '  was the  con t inued  ment ion i n  

seve ra l  assessments o f  t o luene  as a p o t e n t i a l l y  dangerous p o l l u t a n t  

s p e c i f i c a l l y  assoc ia ted  w i t h  EOR a c t i v i t i e s .  Several yea rs  ago 

t o l u e n e  was l i s t e d  as a dangerous p o l l u t a n t  i n  an EPA-sponsored 

r e p o r t  on EOR, and s ince  t h a t  t ime t h i s  des igna t ion  has been c a r r i e d  

fo rward  i n  succeeding r e p o r t s  unchal lenged:  i n  f a c t ,  t o luene  i s  n o t  

used e x c l u s i v e l y  i n  EOR p r o j e c t s ,  n o r  i s  such e x c l u s i v e  use 

contemplated f o r  t h e  f u t u r e .  Toluene, l i k e  a number o f  o t h e r  

chemicals,* i s  s imply  used f o r  w e l l  bore c lean ing  i n  genera l  o i l  

f i e l d  ope ra t i ons .  

Thi  s t y p e  o f  misunders tand ing  i 11 u s t r a t e s  two i m p o r t a n t  

p o i n t s .  F i r s t ,  i t  serves as an example o f  t h e  confus ion  i n  p e o p l e ' s  

minds over  what i s  an EOR-speci f ic  i ssue.  ( F o r  example, chemicals  

used f o r  w e l l  c l ean ing  shou ld  n o t  be cons idered as l i a b i l i t i e s  spe- 

c i f i c a l l y  assoc ia ted  w i t h  EOR.)  Second, i n a c c u r a t e  i n f o r m a t i o n  i s  
o f t e n  i n c e s t u o u s l y  pe rpe tua ted  i n  the  1 i t e r a t u r e  because o f  i n c l u -  
sion in earlier assessments w h i c h ,  t h o u g h  based upon best 

i n f o r m a t i o n  a v a i l a b l e  a t  t he  t ime,  a re  no l o n g e r  v a l i d .  These were 
t h e  p o i n t s  t h a t  t h e  workshop p a r t i c i p a n t s  a t tempted t o  r e s o l v e  by an 

overv iew o f  env i ronmenta l  aspects  o f  EOR techno log ies .  

3. P a r t i c u l a r l y  vex ing  i s  t h e  l a c k  o f  adequate EOR data, b o t h  t e c h n i c a l  

and env i  ronmental , whi ch a re  r e g u l a r l y  updated and eas i  l y  

access ib le .  Th i s  i s  e v i d e n t  f rom seve ra l  EPA- and DOE-sponsored 

assessments o f  EOR, a l l  o f  which r e l i e d  upon t h e  same data which had 

n o t  been rev iewed f o r  some t ime.  Th is  i n s i d i o u s  aspec t  o f  

*Toluene i s  now be ing  eva lua ted  as t o  c a r c i n o g e n i c i t y  i n  the  Carc inogen ic  
T e s t i n g  Program o f  t h e  N a t i o n a l  T o x i c o l o g i c a l  Program, sponsored by t h e  
N a t i o n a l  I n s t i t u t e  o f  Hea l th  ( I n s t i t u t e  f o r  Envi ronmenta l  Sciences) , 
Rockvi 11 e, Mary1 and. 
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1 
current technology assessments, i . e . ,  a small, aging da ta  base used 
repeatedly by a variety of analysts,  hinders the development of 

E O R .  Furthermore, comprehensive collection of f i e l d  da ta  i s  a 
fundamental requirement. Without improved knowledge, decisions on 
E O R ,  parti cul arly pol i cy deci s i  ons, wi 11 be open t o  serious 
question. 

4. Oi 1 industry representatives expressed perception of an apparent 
lack of understanding (primarily on the p a r t  of government o f f i -  
c i a l s )  of  important environmental issues related t o  E O R .  I t  was 
said a t  the workshop t h a t  t h i s  lack of understanding i s  most appar-  
ent in regulatory programs. For example, the environmental control 
problems of t e r t i a ry  oil  recovery were said t o  be similar t o  those 
f o r  primary and  secondary recovery. However, industry claims t h a t  
government does not  seem t o  real ize  t h i s ,  and  t h a t  special 
regulations a n d  controls are imposed on E O R  t h a t  are simply n o t  
ne cess a ry . 

Irrespective of the validity of th i s  claim, one serious resu l t  
i s  t h a t  the permitting process f o r  E O R  projects i s  unnecessarily 
impeded. A case was offered as an example of lack of regulatory 
understanding: viz . ,  the State of California c l a s s i f i e s  sludges 
from scrubbers appended t o  steam generator as hazardous wastes, 
requiring special handling and  several disposal s i t e s .  I t  was 
suggested t h a t  a bet ter  approach would be t o  define classes of 
hazardous wastes, each having a different  degree of potential 
impact, each requiring different  types of disposal s i t e s .  

Another problem has been the preparation of generic envi ron- 
mental impact statements ( E I S s )  f o r  the E O R  technologies. Some 
workshop participants concluded tha t ,  f o r  most of the technologies, 
such E I S s  are of l i t t l e  value a n d  are misused. Therefore, these 
participants f e l t  t h a t  generic EISs should be discarded a n d  f ie ld-  
specif ic  EISs prepared instead, where they are needed.3 

Geology a n d  Water Supply4 

There was a consensus t h a t  geological problems mentioned in previous 
assessments ( such as f racturi  ng , or inducing earthquakes) were unimportant. 
Another consensus was t h a t  water ava i l ab i l i t y ,  often considered a major 
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p o t e n t i a l  c o n s t r a i n t  t o  EOR, was n o t  an o v e r r i d i n g  problem, except  f o r  

s p e c i f i c  s i t e s .  On a w ider ,  r e g i o n a l  sca le,  t he  consensus was t h a t  s u f f i c i e n t  

brd water  e x i s t e d  and t h a t  a l l o c a t i o n ,  n o t  a v a i l a b i l i t y ,  i s  the  c e n t r a l  i ssue.  It 

was no ted  t h a t  a t  l e a s t  one Oklahoma EOR p r o j e c t  may be delayed because o f  t h e  

l a r g e  q u a n t i t i e s  o f  water  r e q u i r e d  f o r  the  s p e c i f i c  process being considered. 

The proposed s i t e  i s  an area where f r e s h  groundwater i s  used f o r  f a rm land  

i r r i g a t i o n .  The fa rming  c o m u n i t y  f e a r s  t h a t  t he  EOR p r o j e c t  m igh t  s i g n i f i -  

c a l l y  reduce t h e  reserves  o f  t he  f reshwater  a q u i f e r .  There are  a l s o  s i t u a -  

t i o n s  where water  a v a i l a b i l i t y  can have an env i ronmenta l  impact. An example 

i s  t h e  Powder R i v e r  Bas in  where a d e c l i n e  o f  300 t o  500 f e e t  o f  pressure i n  

h y d r a u l i c  head has been observed, caused by a combinat ion o f  a c t i v i t i e s ,  
i n c l  u d i  ng EOR. 

I n  some areas o f  t h e  West, t he  a l l o c a t i o n  o f  even s m a l l  amounts o f  water 

can have unexpected consequences. A1 1 oca to rs  and p l  anners shou ld  1 ook a t  t h e  

e n t i r e  spectrum o f  usage. For  example, i f  one were t o  a l l o c a t e  water t o  an 
o i l  p r o j e c t  from a g i ven  source, t he  e n t i r e  usage o f  t h a t  resource should be 

examined; t h a t  i s ,  how much w i l l  t he  nearby farms and c i t i e s  r e q u i r e ,  what i s  

t h e  r a t e  o f  recharge, how much i s  r e q u i r e d  by o t h e r  users,  e t c .  Any E I S  f o r  

t e r t i a r y  o i  1 recovery  shoul d address o v e r a l l  energy development programs as 

w e l l  as t h e  e n t i r e  water  usage spectrum. 

GROUNDWATER CONTAMINATIONS 

P o s s i b l e  groundwater contaminat ion  should be p u t  i n t o  the  proper  perspec- 

t i v e :  p r imary  and secondary p roduc t i on  may a l ready  have l e d  t o  groundwater 
degradat ion,  p a r t i  c u l  a r l y  from cas ing  f a i  1 ures,  abandoned o r  improper l y  
p lugged w e l l s ,  t h e  d isposa l  o f  produced waters ,  and s p i l l s  o f  the  m y r i a d  o f  

chemicals  used dur ing  normal ope ra t i ons .  I n d u s t r y  i s  v i t a l l y  concerned w i t h  

t h e  l o s s  o f  expensive EOR chemicals  du r ing  i n j e c t i o n ,  most o f  which are  a l s o  

s u b j e c t  t o  some degree o f  degradat ion  f rom p h y s i c a l  , chemical, and b a c t e r i a l  

processes. Some i m p o r t a n t  ques t ions  whi ch do r e q u i r e  b e t t e r  understanding 

are :  what EOR-specific chemicals a re  hazardous o r  t o x i  c y  what a re  t h e i r  

p o t e n t i a l s  f o r  degradat ion,  what a r e  t h e  p r o p e r t i e s  o f  t h e  degradat ion 

produc ts ,  and what mechanisms may l e a d  t o  groundwater contaminat ion  s p e c i f i -  

c a l l y  due t o  EOR p roduc t i on .  It was i n d i c a t e d  t h a t  most EOR i n j e c t i o n  

pressures  a re  low enough t h a t  h y d r a u l i c  f r a c t u r i n g  shou ld  n o t  occur. 
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T h i s  i s  even t r u e  f o r  C02 f l o o d i n g  which uses h ighe r  i n j e c t i o n  pressures than 

o t h e r  processes. 

Recent EPA r e g u l a t i o n s  concern ing underground i n j e c t i o n  (i .e., Under- 

ground I n j e c t i o n  Contro l - -UIC)  were cons idered t o  be adequate i n  reduc ing  t h e  

i nc idence  o f  w e l l  f a i l u r e s .  The U I C  program e s t a b l i s h e s  g u i d e l i n e s  f o r  t he  

t e s t i n g  and m o n i t o r i n g  o f  a l l  new w e l l s  d r i l l e d .  The p o s s i b i l i t y  o f  leakage 

f rom o l d e r  w e l l s ,  i n  most f i e l d s  reopened f o r  EOR, was n o t  cons idered t o  be a 

s e r i o u s  t e c h n i c a l  problem: t h e  need f o r  h i g h  pressures  and t i g h t  r e s e r v o i r  

sea ls  shou ld  f o r c e  producers t o  c a r e f u l l y  examine t h e i r  f i e l d s  f o r  abandoned 

w e l l s ,  which shou ld  then be p r o p e r l y  sealed. I n  a c t u a l  p r a c t i c e ,  however, i t  

may sometimes be imposs ib le  t o  l o c a t e  a l l  improper l y  abandoned w e l l s .  I f  such 

w e l l s  a re  found, U I C  may r e q u i r e  t h e  producer  t o  have them r e d r i l l e d  and 

s a t i s f a c t o r i l y  rep lugged i f  poss ib le .  U I C  w i l l  thus  c o n s t i t u t e  a c a p i t a l  r i s k  

f o r  t h e  i n d u s t r y .  I f  such w e l l s  a re  d iscovered i n  an EOR p r o j e c t  and i f  they 

cannot  be s a t i s f a c t o r i l y  r e d r i l l e d  and rep lugged,  the  p r o j e c t  w i l l  have t o  be 
abandoned. It was no ted  t h a t  changes i n  i n j e c t i o n  p a t t e r n s  m i g h t  be an 

a1 t e r n a t i v e  procedure i f  leaks  cannot be p r o p e r l y  r e p a i r e d .  Water we1 1 s would 

then  be c a r e f u l  l y  mon i to red  espec ia l  l y  around I ' leakers"  t o  a v o i d  v e r t i  c a l  

movement o f  f l u i d s .  An i n d u s t r y  p a r t i c i p a n t  no ted  t h a t  about h a l f  the  o i l  

produced i n  t h e  U.S. comes f rom w a t e r f l o o d i n g  and t h a t  l eaky  w e l l s  a re  common 

t o  such opera t i ons .  

Enforcement o f  U I C  f o r  d isposa l  of produced waters  i s  very  impor tan t .  

Waters from EOR p r o j e c t s  shou ld  be s i m i l a r  i n  q u a l i t y  t o  those c u r r e n t l y  be ing  

d isposed o f  d u r i n g  w a t e r f l o o d i n g  opera t i ons  w i t h  the  a d d i t i o n  o f  small amounts 

o f  EOR-speci f ic  chemicals. 

A i  r Pol 1 u t i  on 

I t  was concluded t h a t  a i r  p o l l u t i o n  would be an i s s u e  o f  major  concern 

p r i m a r i  l y  i n C a l i f o r n i a .  I n d u s t r y  r e p r e s e n t a t i v e s  and government o f f i  c i a 1  s 

f a m i  l i a r  w i t h  C a l i f o r n i a  expressed concern over  the  ques t i on  o f  bo th  s u l f u r  

and n i t r o g e n  o x i  des produced du r ing  t h e  combusti on process t h a t  p r o v i  des t h e  

steam f o r  thermal  EOR p r o j e c t s .  The bes t  c u r r e n t  technology can remove up t o  

95% o f  t h e  s u l f u r  compounds, b u t  o n l y  30% o f  t h e  n i t r o g e n  ox ides.  Wi th  

i nc reased  EOR a c t i v i t y ,  t h e  l e v e l s  o f  p o l l u t i o n  would r a p i d l y  reach t h e i r  
l e g i s l a t e d  maxima, l e a v i n g  t h e  i n d u s t r y  w i t h  no cho ice  b u t  t o  c u r t a i l  produc- 

t i o n  un less  o f f s e t s  were found. 
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One speaker d u r i n g  t h e  "Assoc ia ted  Envi ronmenta l  Issues' '  sess ion  sug- 

ges ted  t h a t  t h e  key p o l l u t a n t  f o r  a i r  c o n t r o l  t echno log ies  ought  t o  be NOx, 
n o t  SO,, and t h a t  p r e v e n t i o n  o f  s i g n i f i c a n t  d e t e r i o r a t i o n  represented  a 
"Catch-22" s i t u a t i o n .  There seem t o  be few o f f s e t s  a v a i l a b l e  i n  l o c a l e s  such 

as Kern County. There fore ,  b o t h  the  C a l i f o r n i a  l e g i s l a t u r e  and the  Congress 

may have t o  cons ider  more l a t i t u d e  i n  d e f i n i t i o n s  o f  Clean A i r  Ac t  standards. 

The problems c u r r e n t l y  c o n f r o n t i n g  the  users  o f  s teamf lood ing  i n  C a l i f o r n i a  

were s i n g l e d  o u t  f o r  separa te  ment ion because o f  t h e  vas t  q u a n t i t i e s  o f  o i l  

t h a t  c o u l d  be produced i n  C a l i f o r n i a  i f  these problems were s a t i s f a c t o r i l y  r e -  

so lved.  Another workshop p a r t i c i p a n t  es t ima ted  t h a t  C a l i f o r n i a  cou ld  produce 

2 m i l l i o n  bb l /day  o f  t e r t i a r y  o i l  by t h e  yea r  2000 and p o s s i b l y  be fo re  1990 

" i f  a l l  b a r r i e r s  were removed.'' By comparison, t h e  DOE/EIA es t ima tes  a 

maximum n a t i o n a l  t o t a l  o f  1.26 m i l l i o n  bb l /day  th rough - a l l  EOR techn iques  i n  

1995. 

The use o f  s tack scrubbers ho l  ds promi se o f  removing atmospheri c env i ron -  

menta l  con taminat ion .  U n f o r t u n a t e l y ,  these c o n t r o l  dev ices produce s ludges 

which must be d isposed o f ;  an a i r  q u a l i t y  problem i s  thus  t rans formed i n t o  one 

o f  s o l i d  waste d i sposa l .  T h i s  may rep resen t  another  obs tac le  t o  EOR, because 
o f  t h e  poss i  b i  1 i t y  o f  EOR-related so l  i d wastes c o n t a i n i n g  hazardous and/or 

t o x i c  substances. 

Re tu rn ing  t o  t h e  C a l i f o r n i a  exper ience,  t he  a i r - t o - s o l i d  waste problem 

leads  t o  another  r e g u l a t o r y  quandry b rought  about  by C a l i f o r n i a ' s  

c l a s s i f i c a t i o n  o f  scrubber  sludges as hazardous wastes.* These wastes must 

meet s t r i c t  d i sposa l  requi rements and be d isposed o f  i n  s p e c i a l l y  des ignated,  
t i g h t l y  managed s i t e s .  Such s i t e s  have become very scarce i n  C a l i f o r n i a .  

Moreover, Ca l  i f o r n i a  appears t o  be the  o n l y  j u r i s d i c t i o n  t h a t  cons i  ders these 
scrubber  s ludges as hazardous a t  t h i s  t ime,  f o r  reasons unc lea r  t o  i n d u s t r y  

r e p r e s e n t a t i v e s  and o t h e r s ,  b u t  i 1 l u s t r a t i v e  t o  them o f  government's l a c k  o f  

unders tand ing  o f  env i ronmenta l  i ssues .  Whi le  no p a r t i c i p a n t  expected a l l  

r e g u l a t i o n s  t o  be removed, t h e  magnitude o f  t h i s  problem and t h e  need f o r  i t s  

r e s o l u t i o n  a re  c l e a r .  A sen t iment  was expressed f o r  t he  need t o  d i s t i n g u i s h  

c13 

between degrees o f  danger f o r  hazardous waste d i sposa l .  Another aspect  o f  t h e  

problem a r e  t h e  ' ' o f f s e t s ' '  a l l o w e d  f o r  new sources o f  a i r  emissions. New 

*Congressional a c t i o n  s ince  the  workshop has r e s u l t e d  i n  the  suspension o f  
EPA r e g u l  a t i  ons on scrubber  sludges pending a two-year s tudy.  
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models a re  i m p o r t a n t  because o f  t h e  dimi n i  s h i  ng a i  r po l  1 u t i  on o f f s e t s  avai  1 - 
a b l e  t o  i n d u s t r y  f rom o t h e r  emission sources. 

I t  was g e n e r a l l y  agreed t h a t  a i r  p o l l u t i o n  would n o t  be an i m p o r t a n t  

e n v i  ronmental c o n s t r a i n t  f o r  i n c r e a s e d  EOR a p p l i c a t i o n s  o u t s i  de o f  t h e  s t a t e  

o f  Cal i f o r n i a .  A i  r po l  1 u t i  on woul d decrease consi  derably  shoul d the  downhol e 
steam genera to r  prove t r u s t w o r t h y ,  because most o f  t he  p o l l u t a n t  gases a r e  

t r a p p e d  and con ta ined  i n  the  w e l l  when t h i s  method i s  used. 

A i r  p o l l u t a n t s  a re  somewhat r e l a t e d  t o  o t h e r  EOR t echno log ies  as w e l l .  

F o r  example, t h e  m i c e l l a r  polymer and improved w a t e r f l o o d i n g  ( c a u s t i c  and 

polymer) t echno log ies  may c o n t r i b u t e  emissions from evapora t i on  o f  improper l y  

handled v o l a t i l e  chemicals such as a l c o h o l s ,  e the rs ,  and o t h e r  hydrocarbons, 

as w e l l  as f u g i t i v e  emissions. T h i s  i s  apparen t l y  a ve ry  minor concern, 

however. 
CO2 and f i r e f l o o d i n g  techno log ies  may a l s o  have a i r  q u a l i t y  problems, 

p r i m a r i l y  r e s u l t i n g  f rom t h e  use of d i e s e l  engines. F o r  a sour r e s e r v o i r ,  

such as commonly found i n  Texas t h e r e  a r e  H2S-handling and emission problems, 
b u t  these a re  s i m i l a r  t o  those encountered i n  a p r imary  o r  secondary opera- 

t i  on. 

Management o f  Hazardous Chemicals and Wastes 

Several  p a r t i  c i p a n t s  expressed t h e  o p i  n i  on t h a t  t h e  c u r r e n t  p r a c t i  ce o f  

s imply  1 abel  i ng chemi c a l  substances as e i t h e r  " sa fe "  o r  "hazardous" shoul  d be 
m o d i f i e d .  Chemicals shou ld  be p u t  i n t o  severa l  d i f f e r e n t  c a t e g o r i e s  depending 

on how hazardous they  are. Thus more d i sposa l  s i t e s ,  each capable o f  s a f e l y  

s t o r i  ng wastes r e p r e s e n t i n g  v a r i  ous degrees o f  hazard o r  t o x i  c i t y  , woul d 

become a v a i l a b l e .  T h i s  would a l s o  p r e v e n t  scrubber s ludges due t o  steam- 

f l o o d i n g  from be ing  p u t  i n  t h e  same category w i t h  p o l y c h l o r i n a t e d  b i p h e n y l s  

(PCBs), as they a re  now i n  C a l i f o r n i a .  

Spi 11 s r e p r e s e n t  handl  i ng p r o b l  ems. Because t h e  handl i ng o f  chemi c a l  s 

used i n  m i c e l l a r - p o l y m e r  f l o o d i n g  can be complex, s p i l l - c o n t i n g e n c y  p lans  on 

such p r o j e c t s  may r e q u i r e  r e - e v a l u a t i o n  and r e v i s i o n .  

Sur face Impacts 

P o t e n t i a l  impacts t o  l a n d  were g e n e r a l l y  o f  minor  concern w i t h  the  excep- 

t i o n  o f  l a n d  use. Marg ina l  lands a re  o f t e n  c l a s s i f i e d  " a g r i c u l t u r a l "  and the  

impacts thus  appear t o  be l a r g e r  than  they  r e a l l y  are.  The smal l  e x t e n t  
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t o  which EOR a c t u a l l y  r e q u i r e s  the  use o f  s u p e r i o r  lands  determines the  

0 magnitude o f  t h i s  problem. 

D i f f i c u l t i e s  e x i s t  i n  r e l a t i o n  t o  dredge and f i l l  opera t i ons  i n  wet lands 

o r  i n  t h e  tund ra  on t h e  N o r t h  Slope o f  Alaska. These opera t i ons  are  ve ry  

d i s r u p t i v e  t o  t h e  l o c a l  ecosystems. Increased a c t i v i t i e s  i n  o l d  abandoned 

f i e l d s  may cause r u n o f f  problems, e s p e c i a l l y  i n  t h e  Rocky Mountain reg ion .  

Fur thermore,  r e c l a m a t i o n  o f  o l d  lands  must be done c a r e f u l l y .  Most l a r g e -  

sca le  su r face  impacts  a re  o f  s h o r t  d u r a t i o n  (3 t o  6 months); smal le r  areas a re  

sometimes a f f e c t e d  f o r  l onger  per iods .  

Occupat ional  Hea l th  and Safe ty  

Some EOR chemicals  a re  hazardous and may r e q u i r e  spec ia l  hand l i ng  and 

d i sposa l  techniques.  The o i l  i n d u s t r y  i s  address ing t h i s  problem, which 

r e l a t e s  p r i m a r i l y  t o  technology t r a n s f e r  because the  chemical i n d u s t r y  i s  

exper ienced i n  handl i ng such chemi c a l  s as p o l y a c r y l  ami des, po l ysacchar i  des, 

and microemuls ions.  For  example, chemical producers have s t r i n g e n t  r e q u i r e -  

ments f o r  t h e  s a f e  handl i n g  and s t o r i n g  o f  p o l y a c r y l  ami des. Petro leum 

s u l f o n a t e s  have been used f o r  many yea rs  as a component o f  dormant sprays. 

It was no ted  t h a t  employee unions are  q u i t e  i n t e r e s t e d  i n  worker s a f e t y  

and t h a t  t h e  DOE Sa fe ty  Ana lys i s  Review System (SARS) Program r e q u i r e s  

a n a l y s i s  o f  each DOE-sponsored p r o j e c t .  ( T h i s  i s  a l ready  be ing  done a t  t h e  

B a r t 1  esv i  11 e Energy Techno1 ogy Center f o r  EOR p r o j e c t s .  ) 

New problems may a r i s e  i n  the  t r a n s p o r t a t i o n  o f  chemicals i n  Alaska and 

o f f s h o r e  because o f  s e n s i t i v e  environments. The p o t e n t i  a1 harm f rom re1 eases 

may be many t imes g r e a t e r  than f o r  an e q u i v a l e n t  onshore re lease  i n  the  lower  
48 s t a t e s .  

SPECIAL TECHNICAL AND LEGAL CONSIDERATIONS 

Of fshore  P roduc t i on  

U n l i k e  i t s  onshore e q u i v a l e n t ,  an o f f s h o r e  w e l l  cannot be e a s i l y  reopened 

once abandoned, and t h e r e  i s  a g r e a t e r  i n c e n t i v e  f o r  beg inn ing  EOR processes 

immedia te ly  a f t e r  p r imary  and/or secondary p roduc t i on .  Of fshore  EOR poses 

seve ra l  i ssues  n o t  cons idered before.  Of fshore  w e l l s  have much g r e a t e r  spac- 

i n g s  than onshore w e l l s  and a re  u s u a l l y  p lugged when t h e i r  p roduc t i on  f a l l s  

below t h r e s h o l d  l e v e l s  above those o f  t h e i r  onshore counterpar ts .  Once t h i s  

happens i t  i s  n o t  easy t o  recomplete a w e l l  and p u t  i t  i n t o  t e r t i a r y  produc- 

t i o n  ( a s  a t  onshore s i t e s ) .  Furthermore, p l a t f o r m  space i s  l i m i t e d  and 
I \  
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u s u a l l y  prec ludes ons i  t e  p roduc t i on ,  m i x i n g ,  and s torage o f  chem c a l s .  Space 

f o r  steam genera to rs  i s  a l s o  q u i t e  l i m i t e d ;  C02 p r o j e c t s  would r e q u i r e  l o n g  

underwater p i p e l i n e s  f rom C02 p r o d u c t i o n  s i t e s  t o  p l a t f o r m s  o f f s h o r e .  

Regul a t o r y  C o n s t r a i n t s  

Regulatory  consi  d e r a t i o n s  were i d e n t i f i e d  as an impor tan t  c l a s s  o f  con- 

s t r a i  n t s  t o  EOR p roduc t i on .  A1 though t h e r e  was no consensus about r e g u l a t i o n s  

be ing  t o o  r e s t r i c t i v e ,  it was g e n e r a l l y  agreed t h a t  i t  took too  l o n g  t o  o b t a i n  

many l o c a l ,  s t a t e ,  and f e d e r a l  pe rm i t s .  One v iewpo in t  h e l d  t h a t  t h e  regu la -  

t o r y  s i t u a t i o n  has spawned odd s t r a t e g i e s  such as the  sa le  o f  a i r  p o l l u t i o n  

o f f s e t s ,  a response t o  i 11 -conceived r e g u l  a t i  ons t h a t  i nvo l  ved severe penal - 

t i e s .  There were se r ious  doubts about t h e  va lue o f  programmatic environmental  

impact  statements i n  terms o f  t ime, e f f o r t ,  and costs .  It was f e l t  t h a t  

g e n e r i c  i ssues  common t o  EOR shou ld  be i n c l u d e d  i n  programmatic environmental  

impact  statements,  w h i l e  s p e c i f i c  problems encountered w i t h  s p e c i f i c  technolo-  

g i e s  a t  i n d i v i d u a l  f i e l d s  a re  more a p p r o p r i a t e l y  l e f t  f o r  t he  p e r m i t t i n g  
process. 

S t a t e s  t y p i c a l l y  do an inadequate j o b  o f  enforcement p r i m a r i l y  because o f  

a l a c k  o f  manpower and budgetary r e s t r i c t i o n s .  Some s t a t e  agencies a re  aware 

o f  v i o l a t i o n s  - b u t  can do n o t h i n g  about them (e.g., i n  the  case o f  w e l l  l ogs  

showing gross problems, such as a poor cement bond t h a t  i s  never squeezed and 

re logged) .  I t  was f e l t  t h a t  t he  i n d u s t r y  should do a b e t t e r  j o b  o f  complying 

w i t h  e x i  s t i n g  r e g u l  a t i  on. However, it was genera l  l y  recognized t h a t  t h e r e  i s 

n o t  enough manpower a t  both t h e  s t a t e  and t h e  f e d e r a l  l e v e l s  t o  en fo rce  e x i s t -  

i n g  r e g u l a t i o n s .  
Government t a x  p o l i c y  drew t h e  g r e a t e s t  amount o f  c r i t i c i s m .  It has 

a l r e a d y  been e x p l a i n e d  t h a t  t h e  advantage of  EOR i n  t h e  W i n d f a l l  P r o f i t s  Tax 

m i g h t  work toward t h e  damping o f  research on new EOR methods. T h i s  i s  espe- 

c i a l l y  t r u e  i n  areas o f  t h e  n a t i o n  where EOR accounts f o r  a low percentage o f  

t o t a l  p roduc t i on .  Even i n  an area such as C a l i f o r n i a ,  where EOR i s  a l ready  a 

s i g n i f i c a n t  f a c t o r  i n  t o t a l  o i l  recovery,  t a x  p o l i c y  m igh t  be a d i s i n c e n t i v e .  

Government p o l i c i e s  t o  promote EOR were i n  genera l  w e l l  received,  a l -  

though t h e  i n d u s t r y  r e p r e s e n t a t i v e s  f e l t  t h a t  such programs should n o t  have 

t ime  c o n s t r a i n t s ,  as they p r e s e n t l y  do. I n d u s t r y  r e p r e s e n t a t i v e s  suggested 

t h a t  t h e  f e d e r a l  government shou ld  g i v e  t a x  w r i t e - o f f s  f o r  l ong  term EOR 

development t o  ease t h e  heavy f i n a n c i a l  f r o n t - e n d  l o a d i n g  o f  these p r o j e c t s .  

- 18 - 
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Envi ronmenta l  r e g u l a t i o n s  p r e d i c t a b l y  drew c r i t i c i s m  f rom t h e  i n d u s t r y ,  

w i t h  a s - u r p r i s i n g  amount o f  concurrence on t h e  p a r t  o f  t h e  government ana- 

l y s t s .  An i n t e r e s t i n g  example o f  what t h e  i n d u s t r y  cons idered t o  be overzea l -  

ous regu l  a t i o n  was t h e  def i n i  ti on o f  Best  Avai 1 ab1 e Contro l  Techno1 ogy 

(BACT). As env i ronmenta l  r e g u l a t i o n s  c a l l  f o r  t h e  i n s t a l l a t i o n  o f  BACT, t h e  

d e f i n i t i o n  o f  what i s  BACT becomes impor tan t .  I n d u s t r y  p a r t i c i p a n t s  bemoaned 

t h e  f a c t  t h a t  many o f  t h e i r  research  d i s c o v e r i e s  i n  t h e  area  o f  env i ronmenta l  

c o n t r o l  were immedia te ly  l a b e l e d  BACT, d e s p i t e  t h e  f a c t  t h a t  such techno log ies  

were s t i l l  i n  t h e  R&D stage. T h i s  has t h e  e f f e c t  o f  h o l d i n g  back t h e  exchange 

o f  i n f o r m a t i o n  i n  t h i s  i m p o r t a n t  f i e l d ,  as companies p r e f e r  t o  p e r f e c t  t h e i r  

processes b e f o r e  they  make them p u b l i c .  

On t h e  s u b j e c t  o f  de lays,  one f e d e r a l  government r e p r e s e n t a t i v e  i n  t h e  

workshop s t a t e d  t h a t  i t  i s  conce ivab le  t h a t  a p e r m i t  a p p l i c a t i o n  r e c e i v e d  by 

EPA, complete and f u l l y  suppor ted  w i t h  background in fo rma t ion .  and data,  c o u l d  

t a k e  up t o  18 months t o  be processed, e s p e c i a l l y  i f  i t  i s  contested.  He a l s o  

s a i d  t h a t  a s t a t e  r e c e i v i n g  t h e  same a p p l i c a t i o n  cou ld  d e c l a r e  "primacy" f o r  

t h e  p r o j e c t  and g e t  t h e  p e r m i t  i s s u e d  w i t h i n  60 days; however, t h i s  i s  u n l i k e -  

ly .  The r e a l  danger, o f  course,  i s  t h a t  t h e  de lays  a r e  expensive and can 

cause t h e  a p p l i c a n t s  t o  cancel  EOR p r o j e c t s ,  and perhaps t u r n  t o  o t h e r  areas 

i ns tead .  

Another  problem i s  manpower shor tage.  As  mentioned p r e v i o u s l y ,  t h e  o i l  

companies a r e  hav ing  t r o u b l e  f i n d i n g  enough q u a l i f i e d  engineers,  t e c h n i c i a n s  

and f i e l d  personnel  t o  work on EOR. T h i s  shor tage may i n t e n s i f y  as i nc reased  

EOR a c t i v i t y  and a para1 1 e l  i n c r e a s e  i n government r e g u l a t i o n  and r e g u l a t o r s  
f u r t h e r  dep le tes  t h e  poo l  o f  a v a i l a b l e  t a l e n t .  

The i n d u s t r y  p a r t i c i p a n t s  asked t h a t  government po l  i c y  makers recogn ize  

EOR as an e v o l v i n g  technology f u l l  o f  r i s k  and u n c e r t a i n t y  f o r  t h e  companies 

a t t e m p t i n g  t o  develop it. Excess ive government r e g u l a t i o n  has t h e  e f f e c t  o f  

s t i f l i n g  EOR b e f o r e  i t  has a chance t o  become es tab l i shed .  A t  p resent ,  t h e  

p o t e n t i a l  f o r  i nc reased  o i l  p r o d u c t i o n  th rough new e x p l o r a t i o n  i s  s t i l l  

economica l l y  equal t o  o r  b e t t e r  t han  th rough EOR. Because these a c t i v i t i e s  

must compete w i t h i n  t h e  c o r p o r a t e  bureaucracy f o r  funds, i t  i s  n a t u r a l  f o r  o i l  

execu t i ves  t o  r e l y  upon a f a m i l i a r  a c t i v i t y ,  e s p e c i a l l y  i f  EOR i s  made unat -  

t r a c t i v e  th rough excess ive  r e g u l a t i o n .  I n  t h i s  l i g h t ,  t h e  p o t e n t i a l  f o r  

6d 
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environmental damage associated with the opening u p  of a new o i l  f i e ld  makes 
any EOR-re1 ated problems seem mi nor in comparison. 

Techni cal Constraints 

Workshop parti  cipants f e l t  t h a t  the avai 1 abi 1 i t y  o f  chemi cal s ,  mentioned 
repeatedly as a possible deterrent t o  more widespread EOR ac t iv i ty ,  would n o t  
pose a major problem, since the long lead times required for  EOR projects 
would allow establishment of re l iable  supplies. 

I t  was stressed t h a t  much more tes t ing a n d  modeling i s  needed. Present 
reservoir simulations are inadequate, a n d  the mathematical models used t o  
predict flow in these reservoirs are therefore even less  re l iab le ,  as 
demonstrated by the frequent fa i lure  of labora tory  experiments t o  duplicate 
f i e l d  t e s t s .  

A number o f  potential breakthroughs might a l t e r  the EOR picture s ign i f i -  
cantly. The downhole steam generator might make steam EOR more acceptable f o r  
expansion, especially in California,  which presently accounts for the bulk o f  
EOR-produced o i l  i n  t h e  U.S. Major stimuli t o  EOR might  come from l a r g e - s c a l e  

implementation of C O 2  a n d  micellar polymer flooding. Research i s  being di- 
rected towards new types of polymers used in micellar flooding. Currently 
such polymers are highly sensi t ive to  sa l in i ty ,  and  are therefore n o t  appli- 
cable t o  reservoirs t h a t  contain sal i ne sol uti ons. I f  sal i ne-to1 erant poly- 
mers could be perfected, the potential f o r  increased EOR would be vast. I t  i s  
t h i s  potential for  such breakthroughs t h a t  makes the forecasting of production 
figures so probl emati c. 

Data Base Development 

A discussion was scheduled on the computerized da ta  base compiled by BNL 

(Appendix E ) .  Most of the primary EOR da ta  were provided by the DOE/Energy 
Information AQllinistration, t o  which additional information was appended. The 
l a t t e r  included location ( la t i tude/ longi tude,  F I P S  code), county, ambient a i r  
qual i ty ,  surface water quali ty,  dis t r ibut ion of several rock and soil  types, 
and county land uses. Some specif ic  comments s ta ted t h a t :  

1. Aquifer information should be coded according t o  how well an aquifer 

2. Resi dual oi 1 saturations shoul d be careful ly checked. 
3. 

i s  understood. 

County tons/mi* of emissions of a i r  pollutants were f a r  less  impor- 
t a n t  t h a n  attainment vs non-attainment areas. 

8 

n 
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4. 

5. 
6d 

6 .  

7 .  

8. 

Emission fac tors  from f i e l d  equipment should be updated from E P A  
document A.P.-42. 
Most surface water data were largely irrelevant except for amounts of 
water available fo r  EOR.  
10,000 mg/f TDS was a better c r i te r ion  for  "saline" aquifers than 
3000 mg/f . 
Pollutant levels  measured by s t a t e  agencies were more significant 
than those given by EPA.  
Groundwater ava i lab i l i ty  could best be checked from U.S. Geological 
Survey data. 

Special Areas for  Potenti a1 EOR Acti vi t i e s  

I t  was f e l t  t ha t  the promising Overthrust Belt i n  the  Rocky Mountain area 
m i g h t  well be the center of environmental debates, b u t  t ha t  these would 
concern the questi on of i ntroduci ng exploration and primary producti on, and 
not specifically E O R .  Prudhoe Bay (Alaska) was mentioned as an obvious 
candidate f o r  C02 flooding, since tha t  gas i s  a by-product of the present gas 
production there. Questions of d i s t u r b i n g  the del i cate tundra environment of 
the North Slope belong more f i t t i n g l y  in the realms of primary and secondary 
production than t o  EOR speci f i  cal ly  , a1 though any incremental impact woul d be 

important there ,  too. 
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CONCLUSIONS* 

The major consensus t h a t  emerged from the discussions was t h a t ,  i n  
environmental terms, EOR i s  a re la t ively benign way t o  increase oi l  
production , except i n cer ta i  n 1 oca1 i zed areas. 

E O R  i s  a good source of new o i l  and ,  from the standpoint of environ- 
ment, heal t h y  and  safety,  i s  probably preferable t o  shale,  coal , and 
other synfuel s .  Eva1 uations of environmental impact shoul d be p l  aced 
i n  perspective, especially when i t  i s  known t h a t  a l ternat ive sources 
of o i l  (such as syncrude or new exploration and d r i l l i n g )  could  
generate f a r  greater damage. 

Environmental issues which might constrain future EOR production 
i ncl ude ai  r qual i t y  , sol i d  waste di sposal , water avai 1 ab i  1 i t y  , and  
aqui f e r  contamination. 

Important tasks should now be the understanding of local environmental 
problems and the def ini t ion of effect ive methods t o  deal w i t h  them. 
Poorly def i ned conceptions of potential environmental problems can be 
counterproductive. 

A technically adequate E O R  d a t a  base should be assembled, regularly 
updated, and  expanded. 

Projections of future E O R  production should include b o t h  Alaskan and 
o f f  shore f i el ds . 
Potential increases i n  EOR product ion from technological advances 
shou ld  be  f a c t o r e d  i n t o  s c e n a r i o s ,  whenever p o s s i b l e .  

DOE technological and environmental assessments should focus on 
thorough analysis of important  issues. Too often, such documents 
include issues t h a t  a re  i r re levant  and detract  from the professional- 
i sm of  the assessment. 

DOE E O R  assessments shoul d di  stingui sh between 1 i kely and  improbable 
impacts; continued inclusion of " shopp ing  1 i s t s "  of hazardous sub- 
stances, most of which are  n o t  peculiar t o  EOR per s e ,  only serve t o  

( X I  

*One par t ic ipant  disagreed w i t h  the conclusions marked by X and asked t h a t  h is  
disagreement be c i ted  accordingly. 
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r a i s e  sham issues.  However, s p e c i a l  emphasis should be g i ven  t o  

hazardous substances w i  de l y  used i n EOR. Assessments should r e 1  a t e  t o  

EOR-speci f i  c i ssues  n o t  remote ly  p e r i  phe ra l  ones. 

0 There i s  widespread i n t e r e s t  by i n d u s t r y  and e n v i r o n m e n t a l i s t s  i n  co- 

o p e r a t i n g  w i t h  DOE a n a l y s t s  i n  o rde r  t o  ensure t e c h n i c a l  adequacy o f  

assessments. Thi  s i n t e r e s t  should be a c t i v e l y  encouraged. 

0 Prev ious  E I A  f o r e c a s t s  o f  EOR p r o d u c t i o n  o n l y  approximate the  l i m  
f o r  (non-A1 askan ) onshore opera t i ons .  

t s  

0 R i g i  d screening c r i t e r i a  f o r  EOR techno log ies  a re  general  g u i  del  i nes 

p r i m a r i l y  f o r  use i n  f o r e c a s t  models and i n  computer searches, b u t  are 

r a r e l y  used i n  a c t u a l  s i t e  s e l e c t i o n .  

0 The g r e a t e s t  o p p o r t u n i t i e s  f o r  i n c r e a s i n g  EOR by the  y e a r  2000 appear 

t o  be: downhole steam generat ion;  a d d i t i v e s  t o  improve sweep e f f i -  
c iency;  Prudhoe Bay EOR; o f f s h o r e  EOR; and t a r  sands recovery.  ( X I  

0 Prime c o n s t r a i n t s  on EOR are  p o l i t i c a l  u n c e r t a i n t i e s  and l a c k  o f  gov- 

ernment s t a b i l i t y  w i t h  r e g a r d  t o  o i l  p o l i c y  and p r i c i n g .  ( X )  

0 A major  impediment t o  EOR p r o d u c t i o n  i s  t he  slow response o f  regu la -  

t o r y  agencies w i  t h  permi t s  somet 
( X )  
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REFERENCES AND COMMENTARIES 

The f o l l  owing i n f o r m a t i  on was p r o v i  ded by i n d i  v i  dual p a r t i  c i p a n t s  who crs Note: 
rev iewed t h e  f i r s t  d r a f t  o f  t he  Proceeding. 

1. "Some comments rega rd ing  t h e  h i  s t o r y  concerning i n c e n t i v e s  f o r  enhanced 

o i l  recovery m i g h t  be approp r ia te .  I n  e a r l y  1978 t h e  DOE proposed an i n -  

c e n t i v e  f o r  enhanced o i l  recovery which would p r o v i d e  f o r  f r e e  market  

p r i c i n g  o f  any enhanced o i l  recovery.  The Department o f  Energy wanted t o  
e s t a b l  i sh a decl  i ne curve f o r  con t inued  p r o d u c t i  on and a1 low incrementa l  

p r o d u c t i o n  above t h i s  d e c l i n e  curve t o  be p r i c e d  a t  the f r e e  market p r i c e  

and t h e  remain ing p r o d u c t i o n  t o  be s o l d  a t  c o n t r o l l e d  p r i c e s .  This  p r o -  

posal  drew a g r e a t  deal o f  c r i t i c i s m  f rom t h e  i n d u s t r y  because o f  t he  
d i f f i c u l t y  i n  p r o j e c t i n g  a d e c l i n e  curve agreeable t o  any two pet ro leum 

engineers.  The es tab l i shmen t  o f  an agreed upon d e c l i n e  curve between 

engineers work ing f o r  t h e  government and engineers working f o r  an o i l  

company would be almost impossib le .  O i l  companies c la imed t h a t  they 

shou ld  be a l l o w e d  t o  p r i c e  a l l  p r o d u c t i o n  from t h e  p r o p e r t y  a t  market  

p r i c e  s ince  indeed, enhanced o i  1 recovery processes i n v o l v e  t o t a l  produc- 

t i o n  f rom t h e  p r o p e r t y ,  t h a t  i s ,  t h e  i n s t a l l m e n t  o f  an enhanced recovery 

process w i l l  have severa l  e f f e c t s  on t h e  normal p r o d u c t i o n  d e c l i n e  from a 

p r o p e r t y .  Many enhanced recovery processes r e q u i  r e  c l o s e r  [we1 1 1  spaci  ng 
which i n  i t s e l f  would change the  p r o d u c t i o n  curve and a number o f  t he  

enhanced o i  1 recovery processes a c t u a l  l y  r e a l i z e  a decreased i n j e c t i o n  

r a t e  which would t e n d  t o  decrease t h e  a c t u a l  annual p r o d u c t i o n  r a t e  w h i l e  

i n c r e a s i n g  t o t a l  f i n a l  recovery.  Fo r  t h i s  reason, i t  i s  d i f f i c u l t  t o  
a t t r i b u t e  annual p r o d u c t i o n  t o  con t inued  w a t e r f l o o d  o r  t o  the  enhanced 

recove ry  process i t s e l  f. 

It appears t h a t  t h e  U.S. Congress took these arguments i n t o  account i n  

e s t a b l i s h i n g  t h e  amount o f  o i l  t o  be p l a c e d  i n  T i e r  I 1 1  category under 

" T e r t i a r y  O i l  . I i  The e x i s t i n g  law was a compromise between the  p o s i t i o n  

o r i g i n a l l y  espoused by t h e  DOE and t h a t  proposed by t h e  o i l  companies. 

It i s  a workable compromise. The e x i s t i n g  law does t e n d  t o  p r o v i d e  a 

mechanism by which t o  recover  some o f  t h e  heavy f r o n t - e n d  c a p i t a l  expen- 

d i t u r e s  b e f o r e  t h e  t r u e  t e r t i a r y  response i s  observed. T h i s  i s  accom- 

p l  i shed by a1 1 owing some o f  t h e  o i  1, whi ch under con t inued  o p e r a t i  ons 

shou ld  be taxed  a t  60 or 70%, t o  be taxed  a t  a 30% r a t e . "  
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2. Another p a r t i c i p a n t  o f f e r e d  t h e  f o l l o w i n g  q u a l i f i c a t i o n :  "[The] sa fe-  

guards w i t h i n  t h e  W i n d f a l l  P r o f i t  Tax Ac t  which r e q u i r e  t h e  c e r t i f y i n g  o f  

t h e  process e i t h e r  by a r e g i s t e r e d  pe t ro leum eng ineer  o r  a s t a t e  regu la -  

t o r y  agency shou ld  work a g a i n s t  t h i s  t y p e  o f  s h o r t - s i g h t e d  o p e r a t i o n a l  

dec i s ion .  The processes which produce t h e  most economic o i l  w i l l  be 
i n s t i g a t e d  f i r s t  and those h i g h  c o s t ,  h igh - techno log ica l  r i s k  processes 

w i l l  be i n s t i g a t e d  a t  a more c a u t i o u s  r a t e .  To q u a l i f y  f o r  t h e  reduced 

t a x  r a t e ,  t hese  processes must be shown t o  produce more than t h e  i n s i g -  

n i f i c a n t  amount o f  o i l  t han  t h a t  which m i g h t  o therw ise  be produced by 

o t h e r  means. I' 

One p a r t i c i p a n t  s t r o n g l y  d isagreed w i t h  t h i s  paragraph, f o r  t h e  f o l l o w i n g  

reasons: 

1. Under NEPA, an E I S  i s  r e q u i r e d  o n l y  f o r  ' 'major Federa l  a c t i o n s  s i g n i f -  

i c a n t l y  a f f e c t i n g  t h e  q u a l i t y  o f  t h e  human environment." The numerous 

Envi ronmenta l  Assessment [documents] t h a t  have been prepared f o r  on- 
go ing  EOR p r o j e c t s  i n d i c a t e  t h a t  such p r o j e c t s  a r e  n o t  m a j o r  f e d e r a l  

a c t i o n s .  Thus, no E I S  i s  requ i red .  Perhaps i t  shou ld  a l s o  be no ted  

t h a t  t h e  t i m e  r e q u i r e d  f o r  E I A  p r e p a r a t i o n  (approx imate ly  3 yea rs  t o  

comple t ion)  would be p r o h i b i t i v e .  

2. It i s  d o u b t f u l  t h a t  t h e  f e d e r a l  government w i l l  be d i r e c t l y  concerned 

w i t h  f u t u r e  EOR p r o j e c t s .  Unless t h e  government suppor ts  a p r o j e c t  
w i t h  f e d e r a l  monies o r  has t h e  r e s p o n s i b i l i t y  f o r  c o n t r o l  , t h e  p r o j e c t  

does n o t  f a l l  under  NEPA. 
3. I n  t h e  even t  t h e  government should t a k e  p a r t  i n  f u t u r e  EOR p r o j e c t s ,  

t h e  Envi ronmenta l  Assessment [document] shou ld  s u f f i c e .  Environmental 

Impact Statements c o u l d  be r e q u i r e d  i f  t h e  government were t o  become 

i n v o l v e d  i n  o f f s h o r e  o r ,  perhaps, A1 askan EOR p r o j e c t s .  

Recent developments have c a s t  some doubt  on t h e  opt imism o f  t h e  workshop 

w i t h  r e s p e c t  t o  water  a v a i l a b i l i t y .  F o r  example, d u r i n g  t h e  p a s t  two 
months l e g i s l a t i o n  has been i n t r o d u c e d  i n  t h e  Oklahoma Congress t o  p ro-  

h i b i t  t h e  use o f  f r e s h  groundwater f o r  EOR by  d e f i n i n g  such use as waste. 

Another amendment was i n t r o d u c e d  which would a l l o w  groundwater use f o r  EOR 

w i t h o u t  d e f i n i n g  i t  as waste, b u t  o n l y  up t o  a p r e s c r i b e d  l i m i t .  These 

d e l i b e r a t i o n s  r e s u l t e d  f rom a case b rough t  by r e s i d e n t s  i n  t h e  Oklahoma 

Panhandle a g a i n s t  an o i l  company. Whi le  t h e  company owned water  r i g h t s  

3 .  

4. 
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t o  3442 acres of land in the Oklahoma Panhandle, i t s  use of these fresh 
waters was challenged by a d i s t r i c t  judge because the waters were held t o  
be limited resources shared by the landowners. 

5. New d a t a  have recently come t o  the attention of the senior a u t h o r  o f  

documented cases relating oil  production t o  aquifer contamination. In  one 
Western s t a t e ,  f o r  example, 32 such cases have been discovered since 
1958. Fourteen of these (44%) were discovered in the l a s t  f ive years. Of 
the t o t a l ,  2 2  (69%) were at t r ibuted t o  casing and tubing f a i lu re s ,  and  
eight (25%) t o  cement fa i lures .  Half the wells were operated by major o i l  
companies. 

G 
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DOE/EV Sponsored 
E N t l A N C E D  O I L  R E C O V E R Y  WORKSHOP 

Probl ems, Scenarios and Risks 
University Center, Montana S ta t e  University 

Bozeman , Montana 
Augus t  24-27, 1980 

Distribute information packets (including biographies and 
r e s u l t s  o f  questionnaire) 

Yonday, A u g u s t  25th . . . - 9:00 a.m. Welcome ( M .  Garrel l )  
9:05 a.m. Role of E V / D O E  (G. ROtariu) 
9:15 a.m. Purpose and Objectives of Workshop 

6:OO p.m. Cocktails and Dinner a t  University Museum 

NOTE: from time-to-time, questionnaires will  be dis t r ibuted i n  an e f f o r t  
t o  lead the group t o  better quant i ta t ive  estimates of the consequences 
of expanded E.O.R.  production. 

(con t i  nued) 
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Tuesday, August 26th . . . . 9:00 a.m. 
9:lO a.m. 

9:30 a.m. 
1O:OO a.m. 

to  
4:OO p.m. 

4 : O O  p.m.  

7:30 p.m. 

Wednesday, A u g u s t  27th, . . .9:00 a.m. 

9:30 a.m. 

12:OO NOON 

Organization 
Discussion of  previous day's r e su l t s  
( t h i s  includes r e s u l t s  of various ques- 
t ionnaires  and discussion of conseflsus) 
E . O . R .  Production Scenarios 
(includes 2 coffee breaks and lunch) 

Group 1 - Technologies ( J .  Sathaye, chmn.) 
This group w i l l  focus on technologies and 
t h e i r  r e l a t ion  t o  scenarios for E . O . R .  
production. Included will  be discussions 
on technological breakthroughs , regulations , 
environmental control technologies, offshore 
E . O . R . ,  Alaskan E . O . R . ,  future wor ld  E . O . R .  

Group 2 - Issues and Impacts (F.  Riedel , chmn.) 
This group will discuss legal , technological, 
conservation, and safe ty  aspects of E . O . R . ,  
quantifying o f  environmental problems, re- 
v i s e d  s c e n a r i o s ,  environmental  assessments  
by techno1 ogy , we1 1 fa i  1 ures , aqui f e r  con- 
tamination, water a v a i l a b i l i t y ,  a i r  qua l i ty  
degradation, accidents , and E.O. R .  extension 
t o  new areas .  

Summaries by Group Leaders 
Discussion of  common issues 
Off-campus event (barbecue) 

Organization and discussion of previous 
day's findings , including questionnaires 
Common Issues i n  discussion groups and the i r  
applications t o  scenarios:  
Any issues  not discussed 
Relation of E . O . R .  t o  other  fossil 

(coffee break i ncl uded) 
C1 os i n  g remarks 

technologies , consensus 

n 
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D O E / E V  WORKSHOP ON 
ENHANCED 0 I L R E C O V E R Y  

63 
Bob Anderson 

George R .  Gierman 

H a r r y  L. Chang 

Jane t  Co le  

Anny B. Coury 

J e f f r e y  I .  D a n i e l s  

Bob F r o n i n g  

M a r t i n  G a r r e l l  

Ed Kap lan  

Rona ld  F. Kenda l l  

George K i  n s e l  

Dan i e 1 Luecke 

J e f f r e y  Mahan 

ATTENDEES L I  ST 

M . S .  D-107 GTN, U.S .  DOE 
Germantown, MD 20545 

Sc ience A p p l i c a t i o n s ,  I n c  
1710 G o o d r i d g e  D r i v e  
Mclean, VA 22102 

C i t i e s  S e r v i c e  Company 
Box 50408 
T u l s a ,  OK 74136 

1 1 1 1  N.  1 9 t h  S t r e e t  
Energy & Env i ronmen ta l  A n a l y s i s ,  I n c .  
A r l  i n g t o n ,  VA 22209 

U.S.G.S. ,  M a i l  S top  971 
Denver Federa l  Cen te r  
Denver, C O  80225 

Env i ronmen ta l  Sc iences  D i v i s i o n  L-453 
Lawrence L i ve rmore  L a b o r a t o r y  
PO Box 5507 
L i ve rmore ,  CA 94550 

Amoco P r o d u c t i o n  Company 
Box 591 
T u l s a ,  OK 74102 

B u i l d i n g  475, BNL 
Upton, N Y  11973 

B u i l d i n g  475, BNL 
Upton,  NY 11973 

BETC - P.C. BOX 1398 
B a r t l e s v i l l e ,  OK 

U.S.G.S. - BOX 590 
Thermopo l is ,  WY 82443 

EDF 1659 Pennsy lvan ia  S t r e e t  
Denver, C O  80203 

4550 Montgomery Avenue, S u i t e  1000 N 
BOOZ, A l l e n  & H a m i l t o n  
Bethesda, MD 20014 

703-821-4586 

918-561-4718 

703-528-1900 

303-234-3435 

415-422-0910 
(FTS) 532-09 10 

9 1 5 1  18-660-3 

516-345-2045 
(FTS) 666-2045 

516-345-2007 
(FTS) 666-2007 

918-336-2400 
(FTS) 735-4343  

307-864-2156 

303-83 1-7559 

301-951-2026 
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Rosa Meehan U.S.  F i s h  & W i l d l i f e  S e r v i c e  
Box 20, Federa l  B u i l d i n g  
101 12 th  Avenue 
F a i r b a n k s ,  AK 99701 

907-456-6071 

Q 
41 5-486-4701 
(FTS) 451 -4701 

Matthew M i l u k a s  Lawrence B e r k e l e y  L a b o r a t o r y  
Room 3125, B l d g  90 
U.C. B e r k e l e y ,  CA 94720 

U S G S ,  Drawer 10076 
301 S.  Park  
Helena, MT 59601 

Joe A.  More land 

Paul S .  Osborne U.S .E  P .A .  
1860 L i n c o l n  S t r e e t  
Denver, C O  

DOE - 1333 Broadway 
Oakland, CA 9461,2 

4 15-273-795 1 
(FW 536-7951 

Gary Pe te rson  

Fred H. Poettmann 303-794-2601 Marathon O i l  Company 
P.O.  Box 269 
L i t t l e t o n ,  C O  80160 

202-633-8383 Dav i d Purnphrey O f f i c e  o f  O i l  & N a t u r a l  Gas 
Resource App l i ca t i ons /DOE (M.S.3344) 
12 th  & Pennsy lvan ia  Avenue, N.W. 
Washington, D.C .  20461 

509-376-3585 
(FTS) 444-3585 

B a t t e l  l e  
P a c i f i c  Nor thwes t  L a b o r a t o r i e s  
R i c h l a n d ,  WA 99352 

E. F red  ?de 

George J. R o t a r i u  EV-22; M a i l  E-201 
U.S.  DOE - Washington, D . C .  20545 

W.  M. Sack inge r  NOAA/OCSEAP A r c t i c  P r o j e c t  O f f i c e  
611 E l v e y  B u i l d i n g  
U n i v e r s i t y  o f  A laska ,  
F a i r b a n k s ,  A laska  99701 

907-479-7371 or 
907-479-6808 

415-486-6294 
(FTS) 45 1-6294 

Jayan t  Sathaye 

P h i l  Sharnbaugh 

Ber t ram S.  She lby  

Lawrence B e r k e l e y  L a b o r a t o r y  
Room 3120/90 
B e r k e l e y ,  CA 94720 

DOE - E l  522, M a i l  S top  4530 
1 2 t h  & Penn N.W. 
Washington, D.C .  20461 

202-633-8547 

918-561-3149 C i t i e s  S e r v i c e  Company 

T u l s a ,  OK 74102 
BOX 300 
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@Peter A. Thomas 

I .  To lmachof f ,  J r .  

Henry F. W a l t e r  

S tan  Zwicker  

H a r b r i d g e  House, I n c .  
S u i t e  305 - 2101 L .  S t r e e t ,  NW 
Washington, D . C .  

202-223-4990 

D O E / I R D ,  Room 3120, Federa l  B u i l d i n g  202-633-961 9 
1 2 t h  E. Pa. Avenue, N.E. 
Washington, D .  C .  20461 

Env i ronmen ta l  and S a f e t y  E n g i n e e r i n g  D i v  301-353-5510 
EV-132 - M a i l  Room D-201 (FTS)233-5510 
U.S .  D O  Energy 
Washington, D . C .  20545 

Un ion  O i l  Company o f  C a l i f o r n i a  
461 S .  B o y l s t o n ,  
Los Ange les ,  CA 90017 
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Bob Anderson is the Program Manager of heavy oil and tar sands 
for the Fossil Ehergy Branch of the Departsnent of Ehergy. In this posi- 
tion, he oversees and manages the Fossil Energy Research and Developnent 
Program in heavy oil and tar sands. Prior to his work at DOE, M r .  
Anderson was an energy consultant with Booz-Allen, working in the areas 
of enhanced oil recovery and coal technologies. M r .  Anderson was also a 
process engineer in the petrochemical area for Continental Oil. He 
received a B.S. degree in Qlemical Engineering fran the University of 
Maryland, and an M.B.A. degree from the George Washington University. 

George R. B i e m  is a registered professional mechanical 
engineer with over 25 years of experience. His principal areas of ex- 
perience are in transportation, regulatory issues analysis, enviromn- 
tal analysis and facilities and equipnent engineering. With Science 
Applications, Inc. (SAI) for the past seven years, he has worked as a 
consultant to many Federal Government agencies. His projects include 
developnent of multi-year program plans and R&D project evaluation 
methods for the Bureau of Mines; support to the Department of Ehergy 
(DOE) in the conduct of technology assessnents for oil shale, enhanced 
oil recovery and unconventional gas recovery; work for DOE/krgantown in 
the flue gas cleanup/hot gas cleanup program, including market penetra- 
tion analysis for selected processes; assistance to EPA in the develop- 
ment of noise abatement regulations; and comnodity transportation ana- 
lysis for the Federal Railroad Administration. He has also designed 
numerous plant facilities, including a fuels and lubricants research 
laboratory, and an aerospace environmental research laboratory, both for 
the Air Force. M r .  Biennan is presently Wnager of the Systems Engi- 
neering Division of SAI's Ehergy Utilization Group. 

Harry Chang is the manager of the entire enhanced recovery 
research effort of Cities Service Company. His prior experience with 
kbil Oil involved the areas of.chemia.1 flooding and enhanced recovery. 
Dr. Chang received a B.S. degree in Qlegnical Engineering frcm Tunghai 
University, Taiwan and a Fh.D. degree in Chemical Engineering from Rice 
University. 

Janet Cole is Project Manager at Energy and Environmental 
Analysis in Arlington, Virginia. She was responsible for the Draft 
Environmental Impact Statement for the USDOE EOR Program as well as 
site-specific Environmental Assesment for three DOE cost shared M>R 
projects. She has analyzed the effects of environmental regulation on 
EDR, NO control for Qlifornia steam generators, and the adequacy of 
air quafity monitoring for EOR in Qlifornia. She has a B.A. in Govern- 
ment from Cornell as well as a bsters Degree in Urban and Regional 
Planning from George Washington University. 

Anny B. Coury is a geologist with the Branch of Oil and Cas 
Resources of the U.S. Geological Survey. After spending 18 years doing 
exploration and exploitation work for several oil cmpanies, she joined 
the USGS in Washington, D.C. almost 10 years ago. For the past several 
years, she has been involved in resource appraisal - the estimation of 
undiscovered petroleun and natural gas. 
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Jeffrey I. Daniels is in the Environmental Sciences Division, 
Lawrence Livermore National Laboratory. He is currently involved in 
analysis and assessment of in situ oil shale atmospheric emissions and a 
technology assessment of tar sands recovery practices, and is interested 
in acquiring the quantitative data and information concerning environ- 
mental impacts frm operation of EOR facilities. 

H. Robert Froning is currently Research Director for Recovery 
Methods at the h o  Production cc4npany in Tulsa. For the past 20 years 
he has conducted studies in recovery methods, including wettability 
alteration, inferfacial tension and caustic flooding, micellar flooding, 
polymer flooding, and miscible type oil recovery processes. He finished 
a B.S. in Chemistry at Ottawa University in 1943 and ccmpleted his n.D. 
in Physical Chemistry at Indiana University in 1949. He is a member of 
the Society of Rtroleum Engineers, American Chemical Society and Board 
of Trustees of Ottawa University. 

Martin H. Garrell is an Associate Professor at Pdelphi Univer- 
sity in the Department of Physics and Ehergy Studies. He is currently 
on leave at Brookhaven National Laboratory in the Department of Energy 
and Environment, working for Dr. Rter bier. His current research 
includes energy studies and environmental problem solving, and his past 
experience is in the following fields: water quality managanent, fish- 
eries research, experimental high energy physics, and nuclear physics. 
He cmpleted his A.B. in Physics at Princeton University in 1960 and 
finished his Ph.D. in Physics at the University of Illinois (Urbana) in 
1966. He is a member of the hrican Physical Society, Sigma X i ,  and 
the Association of Environmental Professionals. 

Ed Kaplan is a scientist with the Division of Regional Stud- 
ies, National Center for the Analysis of Energy Systems at Brookhaven 
National Laboratory. He is responsible for the developnent and imple- 
mentation of programs to study impacts to water systms from energy 
activities. This includes aspects of both water quality and quantity, 
coastal zone management issues, and relationships between water, energy 
and econanic developnent . Dr. Kaplan received his R . D .  in water re- 
sources systems engineering from the University of Rnnsylvania and has 
been at BNL since 1976. Prior to this he worked at Argonne National 
Laboratory and with the General Electric Company. He also teaches part 
time at SUNY/Stony Brmk in the graduate environmental engineering pro- 
gram. 

Ron Kendall is a physical science analyst with the Bartles- 
ville Energy Technology Center. He jointed BFTC in 1957 and was active 
in the instrumental fields of mass and infrared spectrometry and chrm- 
tographic techniques. Later on, he was assigned to BETC's Rtroleum 
Production Branch where he became interested in environmental research 
and concerns associated with enhanced oil recovery processes. In 1979, 
he joined the Center's Planning and Environmental Coordination Branch to 
further pursue work in the areas of environment, safety and health as 
they related to fossil energy technology developnent. 
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George Kinsel is District Engineer at the USGS Branch in 
He has worked for the Conservation Division of 

the USGS for the past 21 years after employment by Imperial O i l ,  Ltd., 
the Texas Cmpany, and Schlmberger Surveying, Inc. He graduated from 
the Colorado School of Mines in 1955 with a degree in Petrolem Engi- 
neering and attended Qrnegie Tech for one year in Industrial Pdminis- 
tration . 

G.$ Thempolis, waning. 

Daniel F. Luecke is an environmental engineer with the Envi- 
ronmental Defense Fund in Denver. His training is hydraulics, hydrolo- 
gy, econanics, statistics, and mathematical modeling, and for the past 
10 years he has worked on the quantitative analysis of project, program 
and public policy issues, associated natural resource developnent, water 
pollution control, hazardous waste management, and energy conservation. 
His most recent work prior to joining EDF involved the management of 
studies of the econanic impacts of water pollution control regulations 
on several major U.S. industries. He is currently the staff scientist 
in the knver office of EDF with responsibility for water and energy 
issues. His education includes a B.S. and M.S. at Notre Dame University 
in 1961 and 1965, respectively, and a Fh.D. at Harvard University in 
1971. 

Jeffrey S. W a n ,  a senior consultant with the Energy and 
Environment Division of Booz, Allen and Hamilton has been actively in- 
volved in the environmental analysis of developing energy technologies. 
In particular, he has focused on the water resources implications of 
enhanced oil recovery (EOR), unconventional natural gas recovery (UGR) 
and shale resource developnent. His experience includes a study of 
monitoring requirements for EOR and UGR for DOE, as well as other envi- 
ronmental planning doctanents in support of DOE technology programs. M r .  
khan has also worked, under contract with the U.S. EPA, in assessing 
the impacts of Underground Injection Control (UIC) Regulations on secon- 
dary and tertiary oil recovery. His responsibilities included assessing 
the technical and institutional feasibility of the "area of review" 
process and the potential costs of associated corrective actions. M r .  
Mahan holds a Masters of Engineering degree in Systems Engineering frm 
the University of Virginia. 

Rosa Meehan is a biologist with the U.S. Fish and Wildlife 
Service, where she is involved in review of permit applications for 
Alaskan North Slope Oil Developnent. This work has involved review of 
environmental impacts of the Prudhoe Bay Waterflood project as well as 
other oil developnent-related activities. She received a Bachelors 
degree in Biology from the University of California at Santa Cruz and a 
Masters in Biology from the University of Alaska in Fairbanks. 

Matt Milukas is a research assistant in the Energy and Envi- 
ronment Division of Lawrence Berkeley Laboratory, working in the area of 
enhanced oil recovery. His professional interest is in energy policy 
and he will begin work shortly involving energy conservation in Kenya. 
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M r .  Milukas is working toward a B . D .  degree in Geography at the Univer- 
sity of Qlifornia at Berkeley, and has a Bachelors degree in Chdcal 
Engineering from the Pratt Institute and a Masters degree in Geography 
also from U.C. Berkeley. 

Joe A. Moreland is Supervisory Hydrologist and Chief of Hy- 
drologic Investigations and Reports Section for the bntana District of 
the Water Resources Division, U.S. Geological Survey. He has had 15 
years of experience in ground water investigations, including saltwater 
intrusion, artificial recharge, waste disposal, ground water modeling, 
ground water quality, and program management. 

Paul Osborne is a ground water hydrologist with the Drinking 
Water Branch of the Environmental Protection Agency in Iknver. His role 
there involves providing technical assistance to the regional office and 
Headquarters in the areas of underground injection controls and ground 
water, and aiding in developnent of a national ground water strategy. 
Prior to his work at EPA, hk. @borne served as a ground water hydrolo- 
gist with the Arizona Water Qmission where he was involved in the 
adequacy of ground water supply for general use. He received his M.S. 
degree in Hydrology from the University of Arizona. 

Gary Peterson works in the Fossil Energy Division, Department 
of Energy, San Francisco where he acts as program coordinator in the 
area of enhanced oil recovery. The Fossil Energy Division also has the 
lead role in heavy oil recovery methods. Mr. Fkterson is a member of 
the Society of Petroleum Engineers and serves as Program Chairman for 
the Golden Gate Section. He is primarily concerned with environmental 
and other regulatory actions which m y  affect heavy oil production. M r .  
Peterson received a B.S. degree in Chemical Engineering from the Univer- 
sity of Minnesota. 

Fred H. Poettmann is Manager of the Comnercial Ewelopent 
Department for Marathon Oil Company in Littleton, Colorado. Aside from 
administrative responsibilities, his primary technical activity with 
Marathon has been in EOR, both micellar polymer flooding and in-situ 
combustion. Prior to his joining Marathon, he worked for the Phillips 
Petroleum Company in Bartlesville in the field of production research. 
He obtained his B.S. in Qlernical Engineering from Qse Institute in 1942 
and his Fh.D. in chemical Engineering from the University of Michigan in 
1946. He is a member of the U.S. National Acadmy of Engineering. 

David Punphrey is an industry economist for the Enhanced Oil 
Recovery Group, Office of izil and Natural Gas in the Resource Applica- 
tions branch of the Department of Energy. His work involves the devel- 
opnent and implementation of industrialization activities, enhanced oil 
recovery and tar sands techniques. He was formerly with the Federal 
Energy Administration, where he worked on projects involving the Alaskan 
natural gas pipeline. Mr. Pumphrey also worked for the Bureau of Land 
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Management's Outer Continental Shelf Leasing Program where he was in- 
volved with analyses of the sociceconanic impacts of outer continental 
shelf developnent . He received a B.A. degree in Economics from kke 
University and a hhsters degree from George Mason University. 

(& 

Fred Riedel is a senior research scientist at Battelle's 
Pacific Northwest Laboratory currently specializing in systems safey and - -  
environmental impacts analysis. 
hanced gas recovery and enhanced oil recovery programs. 
R . D .  degree in Chemical Physics from Washington State University. 

He is the program manager of the en- 
He received his 

George J. Rotariu is the Project knager for  Enhanced O i l  Fkcovery 
in t h e  Department of Energy's Office of Environment. His work current- 
ly involves aiding in the preparation and evaluation of environmental 
policies relating to the fossil area, including enhanced oil recovery. 
At DOE, Dr. Fbtariu has served as project manager overseeing the prepa- 
ration of Environmental Developnent Plans (EDPs) , Environmental Readi- 
ness Document (ERDs),  and other assesments involving the EOR area. He 
is a physical chemist with experience in universities, industry, and 
government. Dr. Fbtariu holds Masters and Fh.D. degrees in Fhysical 
(3emistry from the University of Chicago and the University of Illinois, 
respectively. He is a member of herican Society for Testing and Mate- 
rials (Comnittees D.16 and D.19) ,  Sigma Xi, the herican Chemical Soci- 
ety, the hrican Nuclear Society, and is a Fellow of the American 
Institute of Chemists. 

William Sackinger is an Associate Professor of Electrical 
Engineering at the University of Alaska; he is also associated with the 
Geophysical Institute. Dr. Sackinger has served as a visiting professor 
at the Institute of Offshore Engineering, Heriot--Watt, Edinburgh, Scot- 
land and for the Faculty of Engineering and Applied Science, Memorial 
University, St. Johns, Newfoundland. He was also Associate Dean for 
Engineering Research, School of Engineering, University of Alaska. At 
the Geophysical Institute, Dr. Sackinger served as coordinator for the 
Outer Continental Shelf Program. He received a B.S. degree in Physics 
from Notre M e  University and itksters and Fh.D. degrees i n  Electrical 
Engineering from Oornell University. 

Jayant Sathaye is a staff scientist at the Lawrence Berkeley 
Laboratory. bst of his professional experience has been at LBL where 
he has been involved with energy analyses, environmental impacts, inte- 
grated energy systems and technology assessnents. Dr. Sathaye received 
a Ph.D. degree in Environmental Resources Engineering from the Univer- 
sity of Cklifornia. 

Phil Shambaugh is an Qerations Research Analyst in the Energy 
Information Administration branch of the Ikpartment of Ibergy, working 
in the area of oil and gas supply. He is also in charge of the enhanced 
oil recovery model for EIA. He received a Bachelors degree in Engineer- 
ing and a Masters degree from Johns Hopkins University. 
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Bertram S. Shelby is the Special Projects Coordinator for 
Enhanced O i l  Fkcovery with Cities Service Company. He is presently 
involved in the planning and administration of incentive funding of EOR 
projects; in econanic evaluation of M>R projects in the U.S., Chnada and 
South herica; and in environmental studies and administration of envi- 
ronmental regulations by state and federal agencies. M r -  Shelby has had 
more than 25 years experience in exploration and production, holds a 
B.S. in Geology from the University of Oklahana, and has completed ad- 
vanced studies at the University of Texas and at Tulsa University. 

Peter Thomas is a consultant with Harbridge House, Inc., in 
Washington, D.C. His work is primarily in the areas of energy, environ- 
ment and natural resources, with concentration on the interactions of 
the three disciplines and the resulting impacts on public policy and 
legal/regulatory systems. He holds a B.S. degree in Biology from Hobart 
College, an M.S. degree in Civil Engineering and a J.D. degree from the 
State University of New York at Buffalo, and an M.A. degree in Inter- 
national Law from the Fletcher School of Law and Diplomacy. 

Ken Tolmachoff is currently Director of the Industrial Re- 
search Division of the U.S. Department of Ehergy. He heads an inter- 
disc ip l inary  team, whose task is to determine trends in dcmestic oil 
production and refining. For seven years he was a market analyst for 
the strategic stockpile, where he initiated and implanented production 
plans for the acquisition, transportation, storage, and disposal of over 
ninety materials, including asbestos, lead, beryllium, and mercury. He 
holds a B.A. from Bellarmine allege and a Ph.D. from the University of 
Virginia, along with a J.D. degree from Georgetown University. 

Henry F. Walter is in the U.S. kpartment of EZlergy, Office of 
Environment, Environmental and Safety Engineering Division, Ehvironmen- 
tal Control Technology Branch. The branch has an overview role and 
assesses the adequacy of current technology to control the emission of 
various pollutants. Where the controls are deemed inadequate or non- 
existent, it supports preliminary evaluation of innovative concepts to 
meet control needs. With respect to enhanced oil recovery technology, 
branch projects include evaluation of membrane technology to clean up 
micellar polymer coproduced waters, assesment of control needs for 
heavy oil production in alifornia, and control adequacy for process 
waters coproduced by in situ steam recovery of tar sand bitunen. Walter 
is also the Office of Environment R&D Qordinator for Btroleum, in 
which role he provides the initial point of contact for the Office of 
Fossil Energy with the Office of Environment in matters dealing with R&D 
in petroleum; he is a mber of the Tar Sand Program Management Team, 
which currently is conducting an in situ steam recovery experiment at 
Vernal, Utah, through the Laramie Ehergy Technology Center. Prior to 
joining the Federal Government in 1975, he worked in the optics industry 
and the steel industry, taught undergraduate level chemistry and mathe- 
matics courses, and consulted in statistics and programing for a time- 
sharing computer services mpany. 
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Stanley L. Zwicker is Manager of hvi ronmenta l  Programs f o r  
the  Union O i l  Company of a l i f o r n i a .  M r .  Zwicker has corporate-wide 
r e s p o n s i b i l i t y  f o r  environmental matters r e l a t i n g  to  energy resources 
and minerals explora t ion ,  developnent, and production, including: o i l ,  
g a s ,  uranium, shale o i l ,  geothennal, molybdenum, rare e a r t h s ,  and other 
minerals.  Since jo in ing  Union O i l  i n  1977 as Senior Environmental Engi- 
neer i n  the Corporate Environmental Sciences Department, he has been 
respons ib le  for helping formulate the  Company's approach to environmen- 
tal l e g i s l a t i o n  and r egu la t ions  which a f f e c t  t he  Qmpany's operations.  
Prior t o  jo in ing  Union O i l ,  he was employed by Menorex Qrporation i n  
Santa Clara ,  Q l i f o r n i a ,  where he set up their corporate program for 
environmental con t ro l  and energy conservation. He  also served with the 
U.S. Environmental Pro tec t ion  Agency's San Francisco Regional Of f i ce  
where he was responsible f o r  the e a r l y  developnent and implementation of 
t h e  "offset" pol icy  as a part of the  New Source Review permit program 
under t he  Clean Air Act. Mr. Zwicker holds a B.S. i n  Engineering from 
U.C.L.A. and is a graduate of the  USC G r a d u a t e  School of Public Adminis- 
t r a t i o n ' s  Environmental Management I n s t i t u t e .  
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Appendix C . . . . . . . . . . Handout: Poten t ia l  C r i t i c a l  
Problems f o r  Increased E O R  
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Critical Current EQR Problem 

Regulations 

0 Impact of Qlifornia Sox and Ozone rules on steamflood- 
ing . 

0 Impact of RCRA on diswsal of drilling m d s  and brines. 

Risk 

0 Risk of groundwater contamination from oilfied waters or 
injected chemical slugs. 

0 Failure of abandoned wells in EDR fields. 

0 F'ugitive air emissions. 

Resource Constraints 

0 Supplies of polysaccharides and polyacrylamides. 

0 Availability of water for injection or steam. 

0 Technological constraints OR surfactant recovery and 
emulsion breaking. 

0 Refining capacity for EKIR heavy and d i r t y  oils. 

9 

0 

0 

0 

0 

Potential for contamination of groundwaters by the chew 
icals used for chemical flooding; impacts if a failure 
event occurs. 

Safe transportation and handling of t he  EzlR crude o i l  
product of chemical flooding, between wellhead and re- 
finery . 
Worker safety and health hazards posed by the chemicals 
used in flooding, both at the wells and when the crude 
oil prcduct is put into refining processes. 

It is not yet technically possible to determine how much 
oil remins in a partially depleted reservoir (i.e. , a 
reservoir that is a candidate for  EDR). 

Heavy oil resources have been insufficiently explored and 
characterized (i.e. , it has been found "accidentally" 
during searches for light oils). 
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0 Great uncertainty exists in esthting IDR process per- 
formance and costs, excep’t for well-tested thermal tech- 
nologies (i..e., steam drive and in-situ combustion). 

General Problem 

e Good Reservoir Description. 

0 Lack of Good hbbility Control Ekthod. 

0 Good Mathemtical hlodels. 

Chemical Flooding 

0 Lack of f u l l  understanding of the process mechanisms. 

0 High chemical costs and chemical losses. 

0 High risk involved. 

0 Further technology advancevent is necessary. 

Miscible Flooding (CO,) 
0 Limited capability in the description of the displacement 

process phase behavior, multicomponent themodyndCS, 
various displacerent mechanism (mltiple contact misci- 
bility, low interfacial tensions, etc). 

0 Lack of good mobility control method--premature C02 
bredkthrough. 

0 Limited c02 supply and high transportation cost. 

T h e m 1  Recovery Methods 

0 

0 Fbor vertical sweeppremature heat front bredkthro@ 

Only limited to shallow sandstone reservoirs. 

and bypass of oil. 

0 Problem related to heat loss in the case of steam drive. 

0 Uncertainty regarding fate of micellar polymer materials 
in underground environment over time. 
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0 

G3 0 

0 

0 

Uncertainty regarding potential for contamination of 
groundwater by chemical or brine injection. 

Uncertainty over effect of 03 and micellar wlyrrter in- 
jection in offshore eaviromn ? . 
Availability of adequate EOx controls to pennit increased 
EDR in California. 

Effectiveness of RCRA, UIC Program, and TSCA in rramging 
potential enviromntal impacts frm ET3FL. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Qmntitative data concerning direct and indirect liquid, 
solid, and gaseous process emissions. 

Ground water contamination and air pollution potentials. 

Subsidence problem. 

Ehvirox-mental control technologies for expanded EJ3R and 
their efficiencies. 

By-products after application of emission control tech- 
nologies (e.g., SO2 scrubber waste). 

Waste disposal and classification (e .g . , RCRA-haardous) . 
Water requirements/recycling capability. 

Worker safety and health concerns. 

Auto ignition of resource possibilities. 

0 

0 

u 

A major problem in micellar polymer is the loss of integ- 
rity of the injected chemical. Sulfated and to a lesser 
degree sulfonated alcohols which are effective in the 
laboratory for displacement of o i l  under high salinity 
and calcium environments are not thermally stable. Also 
polymers not only may suffer thermal degradation, but 
also chemical and microbiological. In addition, polymers 
do not enter all pores entered by the micellar fluid, 
thus, true mbility control m y  not be achieved. 

Miscible gas flooding including 03 flooding generally 

control. Two problems are apparent: (1) gravity seg- 
regation of the gas and water occurs in thick pays 

depends upon gas water injection 3 o achieve mobility 
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r e su l t i cg  i n  poor sweep, and (2)  flood rates m y  be s ig-  
n i f i can t ly  reduced ' c e l o w  water flood rates hurting the  
economics of t h e  project. 

n 

0 

0 

0 

How extensively is each of the several m n c e d  Recovery 
methods l i k e l y  t o  k used i n  fu tu re  years? W i l l  t h e m 1  
methods be found applicable to other than the present 
heavy Ql i fo rn ia  and similar crudes? Will miscible 
floods (a2 and perhaps nitrogen) be found applicable to 
heavier crudes and thus  compete with thermal methods? 

How much otherwise unrecoverable crude can  we realis- 
t i c a l l y  expect the  various Ehi?anced Recovery methods t o  
produce? In t h e  n a t i o n a l  energy p ic ture  is ExlR the most 
p r m i s i n g  way t o  he lp  "buy time" with additional l i q u i d  
hydrocarbon f u e l s  u n t i l  renewable energy resources can 
mke a significant impact? Is it more promising than t h e  
expensive-and so f a r  la rge ly  unproductive-4CS deve1o.p 
r e n t ?  Should consideration of poten t ia l  controls be 
affected by a National need for mxirrrurr EDR? 

Is there evidence that current practices involve signi- 
f i c a n t  industr ia l  (personnel) h a a r d s ?  

Are any present or po ten t i a l  J33R chemicals in fact sig- 
n i f i can t ly  hazardous to  workers? If so, are present 
State and OSHA regulat ions inadequate for worker pro- 
tect ion? 

How do w e  evaluate  the potential public or ecological 
hazard of in j ec t ing  polymers or sur fac tan ts  i n t o  oil- 
bearing formations to  displace o i l  already there? 

Given the strict present-day requiremtns for o i l  w e l l  
conrpletions, protect ion of known aqui fers  from crude or 
d r i l l i n g  f h i d  contamination, and thorough "plugging" of 
a w e l l  before abandonment, where is the specific threat 
of i n j x t e d  chemicals? 

Important e n v i r o m n t a l  consequences associated with enhanced 
o i l  recovery include air pol lut ion,  surface and ground water contamina- 
t i o n ,  and, i n  some instances,  water supply problems and solid waste 
disposal  difficulties. The following table sumarizes, by recovery 
mthod, the  potential effects and the i r  causes. 
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PROCESS PROBLEM CAUSES 
-- - las 

T h e m 1  Methods 

Stearn Displacetwnt 

-In-Situ Corr'oustion -- 

Chemical Methods 

-Mice1 lar-Polymer 
Flooding 

Qrbon Dioxide 

Air m a l i t y  

Water Quality 

Water Supplies 

Air Qmli t y  

Water Q a l i t y  

Water Quality 

Air m l i t y  

Solid Wastes 

Water Supplies 

Air Quality 
hkthods 

Water w l i t y  

Sox and particulates from 
stem generators,  Hydrocar- 
bons  from producing w e l l s  
and other field sources- 

Spills, leaks of chemical 
foaming a g e n t s  ( i f  used). 

Process water demand. 

Hydrocarbons and CO from 
producing wells, 

Spills, leaks of l o w  pH 
water with heavy metals, 

Spills, r e se rvo i r  and w e l l  
leaks, disposa l  of chemical- 
ly-loaded brines. 

On-site m u f a c t w i n g  of 
chemicals 

On-site mnufactur ing of 
chemicals , 

Process water d m d .  

Fugitive emissions of H2S 
combined with C02. 

Law pH water with H2S. 
Spills, leaks. 

For EDR to  be developed i n  an environmentally acceptable man- 
n e r  appropriate mni to r ing ,  protect ion measures, and reclamation strate- 
gies must be an i n t e g r a l  part of i n i t i a l  project developnent. 

Industry rate of return requirements are high for ExlR projects 
due t o  t h e  perceived riskiness of these projects .  The risks are both 
technical and i n s t i t u t i o n a l  and include: 
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0 Uncertainty in reservoir perfonrance under stimulation, 

Questionable cmpetency of older U.S. oil fields which 
represent a significant percentage of EDR targets. Past 
well developnent and poor abandonment or completion pro- 
cedures m y  result in impractical remedial action re- 
quirements and in high field develo_ment costs. 

Industry w-certainty of the implications of current and 
future environmental regulations, e.g., UIC, RCRA. 

e.g., micellar-pdyner slug propagation. 

0 

Source of water required for various EKIR production scenarios 

0 mntification of water requirements. 

0 Resolution 02 conflicts with other water uses in the arid 
west . 

0 Monitoring withdrawals and water level declines if 
ground water extraction were used. 

Ground Rater contamination resulting from FDR 

a Migration of fluids from EDR operation into aquifers 
containifig useable water. 

0 Interaquif er leakage through improperly installed in jec- 
tion or recovery wells. 

0 Leakage of fluids through damaged well casing into fresh- 
water aquifers . 

0 Disposal of waste fluids generated through EDR tech- 
niques. 

0 The "Windfall Profits Tax" will hurt EDR. Not just the 
tax itself, but the  tax incentive as set-up will encour- 
age the  application or motions of going through an EDR 
process to take advantage of the lower tax on EKIR and the 
artificial 2 1/2 percent decline on field production per 
month. In particular, it will affect the more sophisti- 
cated, front loaded processes such as microemulsion- 
polymer flooding insitu canbu.stion. 
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0 

0 

0 

a 

0 

0 

0 

Compliance with g o v e r m n t  regulations, 

Trained technical m m p w e r  constraint  to  rapid d e v e l o p  
r e n t  

Abi l i ty  to describe reservoirs .  

Abili ty to  determine res idua l  o i l  sa tura t ion .  

Avai labi l i ty  of chemicals. 

Separation of produced f l u i d s .  

Use of and disposal of produced waters. 

a Qpi ta l iza t ion  of EDR p ro jec t s  which are contingent upon 
techniques tiit have not  been ccxmrc ia l ly  proven e n t a i l s  
acceptance of high risk. 

0 The uncertainty associated with fu tu re  modification of 
federal regulations t h a t  impact t h e  o i l  industry or EDR 
s p e c i f i m l l y  adds enomus  r i s k  to  EDR pro jec ts .  As a 
consequence, EDR investments becm less desirable .  

0 Concerning environmental p roblem,  the  impact upon aqui- 
f e r s  m y  require elaborate scru t iny ,  Chemicals injected 
by an EOR methcd my degenerate slowly, They could m i -  
grate i n t o  aquifers. b n s t r u c t i o n  and maintenance of 
long d i s t a m e  p ipe l ines  f o r  transporting gaseous sub- 
stances for  EDR projects m y  e n t a i l  adverse environmental 
impacts. Air pol lu t ion  associated with t h e m 1  EgR pro- 
ject my e n t a i l  substantial d i f f i c u l t i e s .  

SuPPlY 

LSurface Water 

0 Present water rights picture .  

0 Availabi l i ty  for EDR? 

0 Feas ib i l i t y  of use (delivery)? 

Ground ?later 

Ident i f ica t ion  of aquifers? 
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0 Occurence & d i s t r ibu t ion  of aquifers?  

0 Hydrologic characteristics of aquifers? 

Availabi l i ty  for EDR? 

Feas ib i l i t y  of use (production)? 

Impact of EDR 

Surf ace Water 

0 Baseline data? 

0 Effects on stream flow? 

0 Effects OD_ stream quality? 

Ground Water 

0 Baseline data? 

0 

0 

Effects on regional water leve ls?  

Effects on ground water quantity? 

0 Effec ts  on ground water quality? 

Regional water a v a i l a b i l i t y ,  e.g.  i n  Pmky ?hutain 3xtes 

Individual reservoir w-ce r t a in t i e s  f o r  EXlR potzn t ia l  
production. 

Cost and a v a i l a b i l i t y  of c02 and chemicals f o r  micellar- 
polymer f lccding . 
Accidential contamination of aqui fe rs  through f a u l t y  
b r ine  in j ec t ion  and through fractures. 

PSD requirevents for air  q u a l i t y  i n  certain areas, e.g. 
Qli forn ia .  

I n t e g r i t y  of o ld  producers and in j ec to r s  ( w e l l s )  wi thin 
areas of r e v i e w  around new in j ec t ion  w e l l s .  

Handling of ce r t a in  chemicals i n  accidental  spills. 
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Appendix D 1  . ......... Handout: E I A  P r o d u c t i o n  Scenar ios f o r  EOR 
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DOE/EIA 1979 R e p o r t  To Congress 
Volume 111 P .  1 2 2  - 1 2 3  

Table 4.21 ProJecllone o? Pelroleurn ond Coat Llqulde Production: Hlstory and ProJoctlona for Thrm 
Bese Scenarlos, 196S1995 
( L L l l l l o n  E l a m l a  p r  Day) 

Hhlorp R o j a c l h  

World 011 Price (1979 ddbm 
psr b a r r e d )  

Conventional Crude Ou 
RductiW 
Lorsr-48 SIalsr CIuhore 

From Prored RWNDS ...... 
From Indicated R a s e N B S . .  .. 
From New Diwovsrbs. ...... 
Subtotal.. ..................... 

Lo~cw-48 S w e s  O%Jwrs 
(Includaa South A l a s b )  

From Proved A a + e ~ e 3  ..... 
From lndlcald R-NW .... 
From New Ditcovams ....... 
Sublotel.. ..................... 

TOW. Lorsr-48 ................. 
North Alaska 

From Prowed R m  ...... 
From Reserve Addillon1 ..... 

Subtotal .................... 
Enhanced Od R a o w  

Steam Drive .................. 
Gas Floodins ................. 
Othw.. ........................ 

Subtolal .................... 
Total. Conventional Sources. .. 

Unconventioml Crud+ OJ 
Produclon 

Shale Oil and Tar Sards  ...... 
Coal Liquida .................... 

Natural Gat Liquid3 Production 

1965 

600 - 

7.14 
NA 
H A  

7.1 4 

0 66 
NA 
NA 

0.66 

7.80 

0 
NA 

0 

- - - 
7.80 

0 
NA 

1.21 

Tolal Petroleum and Coal Liquid¶ 
Prodvclion ....................... 9 01 

1973 1978 lea5 

6 5 0  15.50 -- - 

7.56 
NA 
N A  

7.56 

1 .64  
NA 
NA 

1 .a 
9.20 

0 
NA 

0 

- 
- - 

9.20 

0 
NA 

1.74 

10 95 

6.20 
N A  
NA 

6.20 

1.15 
NA 
NA 

1.15 

7.38 

1 0 9  
NA 

1 . 0 9  

0 15 
0 1 1  
0 01 
0.27 

8.71 

0 
NA 

1.57 

1 0  27 

Lor Mid High 
27.00 32.00 39.00 --- 

2 39 

1.51 
4.78 

o e 8  

0 47 
0 28 
0 22 
0.97 

5.75 

1 5 0  
0 05 
1.55 

0 50 

0 05 
0 69  

7 99 

0 14 

0 
0 

1.11 

9 10 

2.40 
088 
1.55 
4.83 

0 47 
0 28 
0 22 
0 97 

5Bo 

1 .50 
0 05 
1.55 

0 53 
0 14 
0 05 
0 72 

8 07 

0.01 
0 

1.11 

9.19 

2 40 
088  
1.62 
4.90 

0.47 
0 28 
0 23 
0.97 

5.87 

1.50 
0 05 
1.55 

O S 3  
0.14 
006 
0.73 

8.15 

005 
0 03 

1.11 

9 3 4  

1990 1995 

Low Mld 
27 00 37.00 -- 

1.23 
O s 8  
1.98 
4 0 3  

0 25 
0 22 
OM 
1.11 

5 29 

0 92 
0 51 
1 .44  

0 81 
0 31 
0 14 
1 2 6  

7.94 

0 
0 

094 

864 

1.24 
088 
2.23 
4.34 

0 25 
0 22 
066 
1.13 

5 47 

0 92 
0 58 
1 5 1  

088 
0 32 
0 14 
1 3 4  

6 32 

0 25 
0 

099 

9 56 

Hlgh Low 
4400 27.00 -- 

1.24 
088 
23s 
4 46 

0 25 
0 22 
06.3 
1.15 

5.61 

0 92 
0 61 
1.53 

088  
0 32 
0 14 
1 3 1  

6 48 

0 40 
0.03 

1 .oo 

9 e1 

0 6 6  
0 75 
2 07 
3 49 

0 14 
0 1 7  

1.17 

4 6 6  

o es 

0 41 
1 0 5  
1 4 6  

063 
0 31 
0 1 7  
1.11 

7 23  

0 
0 

080 

8 03 

Mid High 
41.00 56600 -- 

0 67 
0 7s  
2.53 
3 95 

0.14 
0 l ?  
0.94 
1.25 

520 

0 41 
1.29 
1.70 

0 71 
035 
0.17 
1.23 

8.13 

0 40 
0 23 

0 89 

965 

0 67 
0.75 
2 63 
4.1 1 

0 14 
0 17 
0 97 
1.28 

5 39 

0 41 
1 4 2  
1 .e3 

0 73 
0 36 
0 17 
1.26 

8 48 

o eo 
0.26 

0.90 

10 44 

‘Source lor historical dala Is Volume 2 of Ihe EIA A n n d  Repod Io G n p r r u .  1979. 
Yncludes lease c o n d m l e .  
“1978 Eslimate from Oil and Gas Journal. March 27. 1978. The putdishhad eetimate inctudm an additional . l o  million barrels pet day poducd 

Steam Soaking which is included in convsntmnal oil production. 

Note :  - i r d c a l a  not available. 
NA i d c a l m  rrol appllcabls. 

Enhanced Oil Itecovery 
Enhanced oil recovery (EOR) techniques com- 

Thermal recovery, in  which heat is applied to 
make the oil flow more easily 
Gas flooding, in which fluids are injectcd i n t o  
the formation to dissolve the oil and form a 
liquid that f lows more easily 
Chernical~flooding, in which chemicals are 
injected into the formation to affect the 
interaction between the oil and ita surround- 
ings, allowing the oil to  flow more easily. 

Oil recovered using steam dr ive  (a thermal 
technique) from shallow, heavy oil reservoirs in 
California contributes the bulk of EOR production 
through 1995. Production from these fields peaks 
around 1990 and then declincs. 

prise three general categories: 

Thc u w  of g;u flov(Iirlg inrrc;iscs in i m p r b n c c  
and contributes 28 percent of EOK production in 
1995, partially offsetting the decline in steam 
drive. The remaining production through 1W5 
comes from in-situ conihustion, a thema] tech- 
nique, and chemicaJ flooding techniques, .which 
include flooding with surfactant polymem and 
polymer-augmented waterflooding. 

The actual timing of production from EOR is 
very uncertain. Delays in initiating projects will 
have a major impact on the schedule of production, 
because of the long leadtimes necessary for the 
study and development of EOR projects. Difficul- 
ties in meeting air quality standards for thennnl 
projects and in developing adequate supplies of 
carbon dioxide for gas flooding are two areas tha t  
could potentially delay initiation of EOR projects 
and, consequently, production from these tech- 
niclucy thr*,ijylr 199s 

n 

................. ...... ..... 
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Table 1: Criteria for the Application of Selected Enhanced O i l  Recovery 
Methods 

Steam In Situ cQ2 Surfactant/ Polymer 
Screening Parameters Drive Combustion Miscible w r  Waterflood 

Viscosity - CP at 
-- 

Reservoir Condition NC Nc < 1 5  < 20 < 200 

Gravity - Degree API >10 10 - 45 > 25 
4 2 5  

Nc Nc 

Fraction of Oil 

In Area to be Flooded 
(Before M>R) - % W 

Rema in ing > 40 > 48 > 20 > 25 > 38 

Oil Concentration - B/AF >500 '400 Nc NC NC 

Porosity X Oil 
Saturation >. 065 > .050 Nc NC Nc 

Depth - Feet <2508 > 580 > 3008 16-8 500 10-859P 

Temperature - Degree F Nc NC NC < 20fl < 204 

Original Bottom Hole Nc NC > 1500 NC Nc 
Pressure - PSI 

Net Pay Thickness - Feet > 20 > 10 Nc NC Nc 

Permeability - MD Nc Nc Nc > 20 ' 2p1 
Transmissibility > 100 > 29 NC NC w 
(Perm. * Thick / Visc) 
Salinity - P W  Nc Nc Nc < 1588fl0 NC 
Hardness - PPM 
Calcium 
Magnesium Nc NC Nc < 1000 NC 

Fractures 

Lithology 

NC = Not critical. 

None None None 
Nc to Low to Law to Low Nc 

Sandstone Sandstone Nc Sands tone Sandstone 
h l Y  
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Appendix  D2 . . . . . . . . . .  Handout :  P N L  P r o d u c t i o n  S c e n a r i o s  f o r  E O R  
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CRAFT 

E N H A N C E D  O I L  R E C O V E R Y  IN THE YEAR 2000 u 
The main source  of Enhanced Oil  Recovery ( E O R )  i n  the  y e a r  2000 as seen 

in Table 1 w i l l  be the s teamflooding o f  C a l i f o r n i a  heavy o i l  r eservoi rs .  The 

bulk o f  these l a r g e  rexzrviors should y i e l d  575,000 B O P D .  
va lue  i s  t h e  t a c i t  assumption t h a t  there a r e  no r e f i n e r y  or r egu la to ry  
cons t r a  i n t s  imposed. 

Inherent  in  this  

The second major source  o f  EOR a s  seen i n  Table 2 w i l l  be the  misc ib le  
gas f looding  o f  blest Texas r e s e r v o i r s .  
235,000 B O P D .  The primary assumption here  i s  t h a t  there wi l l  be a l a r g e  
source  of  C02 r e a d i l y  a v a i l a b l e  for t h i s  f l ood ing .  

These r s e r v o i r s  should y i e l d  a t  l e a s t  

, Other minor sau rces  of  petroleum will y i e l d  from 100,000 t o  250,000 
BOPD. Each o f  t h e s e  r e s e r v o i r s  i s  deemed t o  be capable  o f  producing a t  a r a t e  
o f  l e s s  than  5,000 BOPD. This o t h e r  o i l  w i l l  use a l l  t he  EOR methods. This 
o i l  w i l l  comi from t h e  s t a t e s  of Arkansas,  C a l i f o r n i a ,  Colorado, Kansas, 
I1  l i n o i s ,  Montana, Nebraska, New Mexico, Oklahoma, Pennsylvania ,  Utah and 
Wyoming. A few l i k e l y  f i e l d s  a r e  shown in Table 3. 
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T A B L E  N O .  1 .  PRINCIPAL CALIFORNIA FIELDS F O R  STEAM F L O O D I N G  

F i e l d  Name 

Bel r i d g e  South 

Cat Canyon 

Coal inga  

Cymri c 
Kern Front  

Kern River 

Lost H i l l s  
McKi t t r i c k  
Midway Sunset 
Oxnard 

Sari Ardo 

S a n t a  Maria Val ley  
Wi 1 mi n g t o n  

Product ion  - BOPD 

45,000 
10,000 

10 ,000  
10,000 
10 ,GOO 

10(3,000 

10,000 
10,000 

75 ,000  
50,000 
45 ,000  

100,000 
100,000 

F i e l d s  < ! j O O O  BOPD neg lec t ed  (-50% of t h i s  type)  
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TABLE NO.  2. PRINCIPAL TEXAS FIELDS FOR C02 FLOODING 

F i e l d  Name P r o d u c t i o n  - BOPD 

Fa i rway 5,000 
Hawk i n s 45,000 
Kel l y - S n y d e r  50 ,  OCO 

Level  1 and  17,500 
North Crowden 17 ,500  
S a l t  Creek 5,000 
S1 augh t e r  35,000 
Was son  60,000 

, 
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Q T A B L E  NO. 3. PROBABLE RESERVOIRS FOR O T H E R  EOR (<5000 EOPD) 

Fie1 d 

Mice1 1 a r  Polymer 

Wilmington 
Sal em 
Louden 
Rob ins on 
Madison 
El Dorado 
Bell  Creek 
s1 oss 
Sho-Vel -Tum 
Bradford 
Bid  Muddy 
S a l t  Creek 
Torch1 i y h t  

C a u s t i c  
Smac ko ve r 
O r c u t t  
Huntington Beach 
Wi 1 mi n g t o n  

Fan n e t t  
N .  Ward Estes 
Toborg 
Van 
Bison Basin 

Polymer 
Smac kove r 
Buena V i s t a  
Coal inga  

S t a t e  

C a l i f o r n i a  
I l l i n o i s  
I11 i n o i s  
I1 1 i n o i  s 
Kansas 
Kansas 
Montana 
Nebraska 
Oklahoma 
Pennsyl vania  
Wyorni n g 

Wyomi n g 
Wyoming 

Arkansas 
Cal i f o r n i a  
Cal i f o r n i  a 
C a l i f o r n i a  
Texas 
Texas 
Texas 
Texas 
Myorning 

Arkans a s  
Cal i f o r n  i a 
Cal i f o r n i a  
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0 Fie1 d 

C02 M i s c i b l e  

Huntington Beach 
Bay S t .  E l a i n e  
Weeks I s l a n d  
T i n s l e y  
Mal i j a m a r  
Glenn Pool 
Kurten 
North McEl roy 
O S R  H a l l i d a y  

Steam/Combustion - 

Brad1 ey  Canyon 
Guadal upe 
Round Mountain 
Bel levue ( c )  
White C a s t l e  
Hospah South 
Holt  ( c )  
Sour Lake 
Wi n kl eman Dome 

Other 

T A B L E  3 /p .2  

S t a t e  

J a y - L i t t l e  Escambia Creek N 2  

-71- 

C a l i f o r n i a  
L o u i s i a n a  
Loui si ana 
Mi s s i  p p i  
New Mexico 
Okl ahorna 
Texas 
Texas 
Texas 

Cal i f o r n  i a 
C a l i f o r n i a  
Cal i f o r n  i a 
L o u i s i a n a  
Louis iana  
New Mexico 
Texas 
Texas 
Wyorni n g 

F1 o r i  daiAl abama 
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HARBRIDCE 
HOUSE 

I NC 

RESULTS OF THE QUESTIONNAIRES 
AININISTERED AT THE EOR WORKSHOP 

Introduction 

A total of four questionnaires were prepared for the workshop, 
with the first being sent to participants several weeks beforehand and 
the remaining three passed out as follows: 

Questionnaire I1 on bnday morning (8/25) 
Questionnaire I11 on bnday afternoon (8/25) 
Questionnaire IV on Wednesday morning ( 8 / 2 7 )  

The questions in Westionnaire I were formulated by the steer- 
ing camittee, based on a broad range of areas of interest. 
naires I1 and I11 were developed by the camittee as the results of 
prior responses became known. Specifically, when issues were felt to be 
incompletely addressed, or when responses pointed up new and interesting 
avenues of inquiry, new questions were tailored to elicit more exact in- 
fonnation. When, on the other hand, consensus was achieved on an issue, 
questions were dropped fran subsequent questionnaires. Finally, Ques- 
tionnaire IV was created based on the submittals of the participants who 
had been asked to identify areas of interest which they felt needed 
further study. 

Question- 

A total of 28 participants submitted at least one question- 
naire. 
instment in total. This was expected because their areas of expertise 
varied and they were told that a blank was more desirable than unfounded 
guesswork for our purposes. 

bst of them responded to all four, although few completed each 

On this compilation of responses, 27 of the 28 have been 
grouped in four basic categories which could possibly show a bias or 
specific viewpoint; one respondent could not be identified. 
are : 

The groups 

e Government (12 respondents) 
e Oil/Energy Companies (or "industry") (5 respondents) 
e Consultants (4 respondents) 
0 Labs, Universities, Public Interest Groups (or "labs 

etc.") (6 respondents) 

Where consensus is not apparent, or where the nature of the 
question necessitates it, responses are analyzed with respondents back- 
grounds in mind. 

Finally, within each of these background categories, the par- 
ticipants indicated primary and secondary types of work they do. Speci- 
fically, Planning and Management is the primary function of five, and a 
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secondary function of four. Thirteen are principally involved in Re- 
search, and four are secondarily thus employed. One person is princi- 
pally (and two secondarily) concerned with Develop-nent and one is pri- 
marily active in Production Operations (and one is secondarily so in- 
volved). Finally, seven are primarily involved with Environmental Safe- 
ty and Health Compliance; four have this as a secondary function. 
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THE ISSUES 

WHAT IS WFtRENT U.S. OIL PROWCTION? 
6 It was agreed that the figure is no higher than the 9 x 10 

bblslday offered in the questionnaire. 
the respondents felt that this figure is correct and the remaindeg in- 
dicated a slightly lower figure, generally in the 8.6 - 8.75 x 10 
range. Those showing a lower amount were representative of all back- 
grounds. 

Almost 48 percent (10 of 21) of 

The figure of 400,000 bbls/day is substantially correct ac- 
cording to the group. 
spondents. 
labs etc. and their answers were not too far off (373K;385K;387K; and 
300-400,OOO. 

This was indicated by 76 percent (16 of 21) re- 
Interestingly, of the five not so agreeing, four were from 

WHICH EOR TEXXNOILGY WILL BE PRODUCING THE MOST OIL IN THE YEAR 20? 

The list of EDRtechnologies is offered here, with 1. being 
the most productive and 5. the least: 

1. Steam 
2. arbon dioxide (CO,) 
3. Improved water flood (IWF) 
4. hhcellar polymer flood (MPF) 
5. In-Site Codustion 

There was no linkage detectable between respondent backgrounds 
and these answers. 
lated twice, once by nmber of votes for each place, and once by weight- 
ed ranking; both methods showed very similar results. 
noted that IWF and MPF scored closely, but the former appeared to be of 
a higher rank (more productive). 

Results were computed from rank orderings and tabu- 

It should be 

WHAT ARE THE VARIABLES WHICH 1- CURRWT PREDICTIVE CAPABILITIES 
IN THIS AREA? 

When one goes into more detail regarding predictions of future 
EOR production, issues become much more complicated. 
_questionnaires cited Energy Informtion Administration Projections for 
EOR production of 690,000 - 730,000 bbls/day for 1985 and 1.26 - 1.34 
million bbls/day for 1990. 
charted the upper limits of the ranges. 

For instance, - the 

The respondents felt that these numbers 

Specifically, nine respondents thought they were correct, 
eight thought them too high and two thought them too low. The "better" 
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numbers offered by the "too high" people are in the area of 400-600,000 
bbls/day (1985) and 600,000 - 1 million bbls/day (1990). 

An interesting breakdown occurs here vis-a-vis respondent 
backgrounds. The government participants were evenly split (four-to- 
four) between correct and too high. However, industry representatives 
believed the figures to be correct (three versus one too high) and the 
lab etc. people thought them too high (three versus one correct and one 
too low). One consultant said correct and one said too low. 

Several suggestions were offered concerning ways in which EIA 
can fine tune or correct its predictive methodology: 

0 

0 
0 

0 
0 
0 
0 

0 

0 

0 

Set out an array of forecasts with assumptions 
Use industry numbers 
Estimate longer times for project developnent 
Allow for opportunities to shift M)R technologies in 
fields 
Use better data 
Include effects of Federal research 
Maintain close industry contacts 
Include political scenarios (e.g. tax incentives, cost 
sharing) 
Accorranodate reservoir heterogeneity 
Account for various regulations 
Study reservoir by reservoir 

On the whole it was agreed that current predictive models are 
less than perfect due to the impacts of various constraints and incen- 
tives. 
impediments preventing attainment of predictions includes the following: 

Taking the case of the EIA as an example again, the range of 

Technological constraints 
b w  current production 
Environmental restrictions 
Facility deployment time 
Lack of strong industry comnitmnt 
Economics (e.g. cost; poor profit margins) 
High risks 
Manpower shortages 
Site unsuitability 

Among these impediments, those of a regulatory nature are felt 
to be important in accurate predictions. There are problems, however, 
and 88 percent (14 of 16) of the respondents believe that current pre- 
dictive models do not fully reflect regulatory constraints. 

HOW DO MIR TECpIN0LM;IES 03Wm IN aB"? 

The most econcmical EOR technology in use in the year 2000, 
according to the group, will be improved water flood, followed by (in 
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increasing cost) fire, steam, CO, and micellar polymer flood. 
a sample of rank orderings, a doble tabulation shows strong agrement 
that IWF is the least costly and even stronger consensus that MPF is far 
and away the most expensive. While steam and fire are close, the latter 
seas to be more economical. 

Based on 

*2 Representative cost elements include: 03 : pipelines, 
supply ; Steam: steam generation (especially fuelx21n-Situ: air c q r e s -  
sion, surface equipnent, exhaust control, monitoring. 

There is no notable split by respondent background in this 
assessment. 

WHAT ARE THE ENVI-AL HARMS IMIERENT IN EOR OPERATIONS! 

The FDR technology with the greatest potential for environ- 
Following this, in mental harm is felt to be micellar polymer flood. 

order of decreasing harmfulness, are steam, fire, IWF and C02+ This 
determination is based on a two-tiered analysis of rank orderings by the 
respondents, based on number of votes per position as well as a weighted 
valuation. However, it must be noted that MPF and steam are closely 
ranked for most harmful. In this case, lab etc. respondents favored WF 
and other groups tended to choose steam for the nunber one position. 

The specific environmental effects of the various technologies 
which were named appear to be quite uniform among a l l  respondents, 
namely : 

0 Steam - air pollution; some brine problms 
0 MPF - water pollution 
0 CO, - air and water pollution; worker safety 

L 
In-Situ - air pollution; SOE water pollution 

0 Water flood - water pollution 
0 Caustic - water pollution; worker safety 

Looking at thermal FDR processes, scrubber wastes emerge as a 
moderate and localized problem. Seventy-seven percent (17 of 22) called 
it moderate (two said severe and three said insignificant), and 91 per- 
cent (20 of 22) called it local. 

Finally, the group was split about the question of whether EOR 
chemicals pose a safety problem for workers, with nine saying yes and 
ten saying no (and one yes/no). However, when the narratives included 
are factored in, it appears that the no's are assuming proper care and 
handling in mny cases, thus giving rise to the assmption that the 
chemicals could be, but aren't always, a hazard. Industry people tended 
to answer no on this, lab etc. people yes, and government people were 
split both ways. 
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HOW FEASIBLE IS EDR PRODUCTION AND WHY? 

EOR feasibility is shaped by a n m k r  of factors, such as 
incentives, constraints, and process - specific factors, like needs for 
breakthrough (e .g . technological) . 

Looking first at the last of these, respondents offered steam, 
MPF and c02 as the three EOR technologies which now appear the most 
likely to achieve a significant technological breakthrough in the next 
twenty years. 
throughs for each are: 

No order among the three emerged. The specific break- 

0 Steam - Downhole steam generation; improved sweep effi- 
ciency; mobility control; increased depth ca- 
pacity 

lity control; loss control 
MPF - Better chemicals (cheaper, more stable); mobi- 

0 c o -  hbbility control 

Overall, micellar polymer flood was held to be the technology 
2 

in greatest need of support to ensure its viability. 
take many forms, for instance: 

This support could 

0 bre demonstration efforts 
0 R & D funding 
0 Financial incentives 
0 Chemical developnent 
0 

0 

0 Tax reduction or writeoffs; removal of EOR from the 

Predictive tools to ensure better reservoir knowledge 
Long tern economic and regulatory comnitments fran the 
government 

excess profits tax 

On the specific question of whether current Federal financial 
incentives are a sufficient tool for stimulating EOR research and pro- 
duction, no consensus was reached. However, a well distributed majority 
(11 of 18, or 61 percent) believed that they aren't. 

On an issue of incentives which are less formally tied to 
government activity, the participants were asked whether there would be 
an increase in support of EOR if that oil were mre widely valued in 
terms of a given percentage of the price of foreign oil. 
(18 of 20) respondents believed there would be. 

Ninety percent 

(31 the other side of the equation determining feasibility of 
EOR are the constraints to its use. 
identified by the respondents is quite large, and includes the following 
often-recurring illustrations: 

The range of these constraints 
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0 Steam - Air pollution; depth limitations 
0 MPF - Costs; water pollution; limited appli- 

cabi 1 i t y 
- cx> availability; air and water pollu- 

ti& ; process perfonnance 

nological problems 

mance; pollution 

limited applicability 

0 In -S i  tu - Costs; air and water pollution; tech- 

0 Water flood - Water availability; process perfor- 

0 Qustic - Qst; pollution; process performance; 

Looking at one specific, non-regulatory constraint--rising 
fuel costs and competing users for EOR processes--the group was asked 
about the potential for large scale process changes, such as fuel con- 
version. Ten respondents thought costs will prompt changes and eight 
fe l t  thev wouldn't. Differing: resmnses by background did not emerge 
here. 

An important regulatory constraint to EOR which was an element 
of these questionnaires is the Underground Injection Qntrol (UIC) pro- 
gram. 
tions have taken adequate account of EOR problems, the count being eight 
yes and eight no. 

The respondents were evenly split as to whether the UIC regula- 

Among the most important EOR - related portions of the UIC 
regulations are the following: 

Well completion integrity 
Fluid migration 
Abandoned wells (e.g. plugging, reabandanent) 
TDS limits 
hbni toring 
Area of review 
Non site-specificity of the regulations 
Recognition of separate categories of oil production 

WOI: - 
Just over half of the respondents (8 of 15) felt that UIC 

not be an impediment to EOR. Impediments were seen as possibl in 
several contents: 

0 EOR in old fields could require reabandonment 
0 Industry refusal to perform ground water protection acti- 

vities 
0 Toxic chemical uses 
0 Locating and plugging old wells 

General cost - increasing activities 

f el 
It is interesting to note that all the lab etc. respondents 

.hat UIC would not be an impediment, while other groups were evenly 
split between yes and no. 

-82- 



Another issue in a regulatory context involves the question of 
whether the regulations of different states lead to different conclu- 
sions regarding the use or usefulness of various EDR technologies. 
Fifty-nine percent (10 of 17) felt that this is true. In this break- 
down the lab etc. respondents tended to vote yes, while the industry and 
government participants voted no. 

6rs 

WHAT IS THE ROLE OF THE WINDFALL PROFITS TAX IN M)II? 

When asked the impact of the tax on EOR production, ten 
respondents felt the tax is restrictive (six "moderately" and four 
''very''), while ten thought it was stimulating (eight "moderately" and 
two "very"); two saw no impact. 
to be rather evenly divided as to whether the tax is stimulating or 
restrictive, while most government people saw it as a stimulant and 
consultants as a restriction. 

The lab etc. and industry people tended 

On the question of what percentage of oil remained in a field 
following an EDR operation because of the current tax, half the respon- 
dents (7 of 14) said mre than 20 percent, three said 10-20 percent, 
three said 5-10, percent and one said less than 5 percent. 

Two-thirds of the respondents (10 of 15) thought the tax's 
negative impacts on EOR occur in the long term and threequarters (9 of 
12) believed the positive impacts come in the short term. On this ques- 
tion, the lab etc. and consultant groups were divided in their opinions, 
but the government and industry participants stood solid with the 
majority. 

A s  for c m n t s  and suggestions about the windfall profits 
tax, they most frequent called for its elemination. 

WHAT DOES THE EXlR DECISIONMAKING PROCESS LQOK LIKE? 

The majority (13 of 22) felt that traditional internal corpo- 
rate processes are the primary shaper of EDR developnent. 
market and technological/physical factors were noted by a significant 
minority, and Federal/state orders by one. No one thought a national 
energy plan was the principal factor. 

The free 

The respondents also ranked the following factors in order of 
descending importance in corporate decisiomking: 

1. Maximized per barrel revenue 
2. Maximized oil production 
3. Minimized corporate tax liability 
4. Maximized positive public relations 
5. 
6. Minimized negative environmental impact 

Maximized canpliance with governmental regulations 
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In answering both these questions, the respondents showed no 
noticeable grouping by background. 

Ninety percent (18 of 20) of the participants felt that there 
should be a forum where industry, regulatory agencies, scientists/ engi- 
neers, and affected parties could develop monitoring programs. 

WHAT ARE SOME WEAKNESSES OF THE EOR EDP? 

hong the c m n t s  on the EDP which the respondents offered 
were the following: 

0 It is too broad. 
0 

0 There is too much reliance on old documents and too lit- 

0 
0 It is too qualitative. 
0 It is too vague. 
0 It should clarify the impacts of regulations. 

It includes too many non-issues, and amounts to a laundry 
list. 

tle new infonnation. 
There is too much effort expended in "covering flanks." 

WHAT ARE GMX;RAPHIC CDNSIDERATIONS RELATING TO EIOR? 

There was broad agreement about the areas in which certain 
categories of EOR technologies will find heavy use. These are: 

Thennal: Extremely heavy use in Qlifornia, and use in 
Texas, Louisiana, Oklaham, Utah, Wyoming, and 
the Gulf of ikxico. 

Wyoming, bntana, Bnnsylvania, Indiana, &io, 
and the Gulf of Mexico. 

Chemical: Use in Qlifornia, Illinois, the Bkotas, 

Gas : Same as chemical. 

Operations in Alaska will be strongly affected by considera- 
tions such as: ham to fragile environments; lcgistical/transport pro- 
blems; costs; water availability; severe climate (e.g., freezing); waste 
disposal; and seawater intrusion. 

Similarly offshore operations were felt to be subject to pro- 
blems due to: lack of platform space; logistics and transportation; 
costs; pressure on the tube; heat loss; excessive well spacings; and 
fresh water availability. Improved water flood, CO , thermal, polymer 
flood and caustic/chemical technologies were all ofgered as likely 
candidates for offshore operations, with C02 achieving the strongest 
response and IWF the next strongest. The tme frame noted ranged from 
"irrtnediate" through the year 2000, although direct correlations with a 
given technology are difficult. 
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Operations in estuarine or wetland areas are a combination of 
onshore and offshore processes, and embody mny of the problems of each. 
Some additional, somewhat unique factors are also present, such as tidal 
fluctuations and coastal zone management requirements. 

The overthrust belt per se poses few unique problems for EOR, 
but account must be taken of earthquakes, groundwater protection, frac- 
turing, and heat/fluid losses. Additionally, in view of the large por- 
tion of wilderness lands in the overthrust belt, care must be taken to 
guarantee its integrity. 

HOW SHOULD CKlWBIWENC OVEXSIGHT OF M#i BE STRUCTURED? 

bst of the respondents (11 of 21) believed that responsibi- 
lity for monitoring the environmental, OSHA and other impacts of EOR 
should be shared at all levels of government, while four of twenty-one 
believed it to be a state/ local concern and five thought it should be a 
joint state/local and industry effort. &e respondent felt it was the 
role of industry alone. 
choices based on respondent background. 

In this issue there was little evidence of 

Fifty-seven percent (13 of 23) of the group thought that gov- 
ernmental monitoring of aquifers and/or injected substances is a worth- 
while activity, while ten disagreed. Those in the minority generally 
felt that this is an industry concern, while those favoring monitoring 
relied on traditional bases of government oversight. For example: 

0 Toxic and hazardous material identification and control. 
0 Groundwater pollution prevention. 
0 Technical knowledge to provide accuracy and credence to 

regulations and control. 

Thirteen of 21 respondents believed it was infeasible for the 
Federal Government to become fully aware of site specificity of process- 
es or process components for preparation of documents such as E D R .  
When asked in a slightly different way, the result was even more drama- 
tic. Thus, over 91 percent (19 of 21) thought that Federal oversight 
programs should look at generic questions, while permit programs should 
be site specific. Similarly, when asked if both oversight and permit 
programs should be site specific, there were 17 responses in the nega- 
tive and none in support. 

An example of governmental oversight concerns reporting re- 
quirements. 
problem of non-record abandoned wells is a serious one and 11 of 22 
thought it moderate. 

Here 45 percent (10 of 22) of the respondents believed the 

Only one person noted it as a non-problem. 

MISCELLANMWS ISSUES 

fist respondents (10 of 17) felt confusion based on improper 
terminology is a moderate problem, although three felt it to be severe 
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and four thought it was a non-problem. Examples of problems are preva- 
lent in the area of water flood, well cleaning/treatment, huff and puff, 
analyses which lump various EOR processes (and thereby generalize im- 
pacts), and drafting of regulations in the absence of technical know- 
ledge. 

The role of EOR-produced oil in U.S. national security is an 
important one. 
called the importance critical. 
more general equations. 
background and response on this question. 

This was stated by 11 of 21 respondents, and six others 
Four felt its importance is measured in 

There was little correlation between respondent 

The future of EDR use in other countries is unclear as far as 
universality, but operations will be large scale. O f  19 respondents, 
seven felt the operations to be universal and large scale, two said 
universal and small scale, six said scattered and large scale, and four 
noted scattered and mall scale. 
tended generally to be those where oil production is now well estab- 
lished. 

The specific locations mentioned 

The issues and impacts in enhanced gas recovery are not the 
same as those in enhanced oil recovery. 
this is true for a variety of reasons. 

Twelve out of eighpeenthought 

Risk assessment data, event scenarios, and similar infomtion 
held by industry are obtainable according to 12 of 17 respondents. In 
general the most often suggested approaches involved direct request or 
cooperation with those regulatory agencies which have that infomtion. 

The degree to which we are neglecting important components of 
production scenarios by concentrating on big fields is unclear. 
responses of the participants ranged across the spectm from zero to a 

The 

great degree. 
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APPENDIX 

a e s t i o n n a i r e  1 

a e s t i o n n a i r e  2 

a e s t i o n n a i r e  3 

a e s t i o n n a i r e  4 
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EOR Ques t ionnai re  I 

PLEAS REX" THIS Q L . I O " A I R E  NO LATER THAN AUGUST 15 u 
1. x m :  
2. A f f i l i a t i o n :  

(Check one) 

3. Funct ional  area: 

mre than one 
p l ease  rank by 
r e l a t i v e  import- 
ance) 

(If you check 

Government 
Oil/energy carrpany 
Universi ty  
Consultant 
Other 

Planning / m a n a g a n t  
Regulation development 
Research 
Developnent 
Product ion/operat ion 
Ehvironmental , s a f e t y  

Pub l i c  affairs 
and h e a l t h  compliance 

0 
0 
0 
0 
0 
0 
0 
0 
0 
C 
G 

4. The conventionally accepted es t ima te  of curren t  U.S .  o i l  production 
is 9 x 106 bbls/day. (Chmse one)  

0 This  is correct. 
0 A better es t imate  is: 

5 .  The conventionally accepted estimate of curren t  production a t t r i b u t a b l e  
t o  EDR is 400,000 bbls/day . (Choose one) 

0 This  is correct. 
0 A better estimate is: 

6. P lease  rank t h e  EDR technologies  which will be producing t h e  most o i l  
i n  t h e  U.S. i n  t h e  year  2000. (1 is most  productive and 6 is least) 

F i r e  - 
~ Steam 

Improved water flood 

Micellar polymer flood 
- 
- 
__. *2 

Other - 
7 .  Please  rank t h e  M>R technologies  as to  which will be the least costly to 

opera te  i n  t h e  year  2000. (1 is least c o s t l y  and 6 is most  cos t ly)  

F i r e  

Steam 

Improved mater flood 

- 
- 

- 
- Micellar polymer flood 

- * 2  
Other - 



p e s t  ionnaire I 
Page 2 

8. Which EOR technologies have t h e  greatest potential for technological - 
breakthroughs i n  t h e  next  20 years? 
* 
1. 

2. 

3. , 

9 Which WR technology currently is most i n  need of econmic, technical 
or regulatory support t o  ensure its viability? 

10. Please rank t h e  EDR technologies i n  terms of t h e i r  potential for 
causing overall environmental h a m .  (1 is most harmful and 6 is least) 

Fire  

Steam 
- 
- 
- Improved mter flood 

- Mycellar polymer flood 

~ co, 
Other - 

11. For each of t h e  following WR technologies, please rank the inherent 
environmental issues . This ranking should concern impacts caused 
by use of t h e  technology, i .e .  magnitude of damage, reversability, 
availability of oontrols, geographic extent and other cumulative 
factors.(l is the  issue mtn t h e  greatest negative -act, and 4 t h e  
least .) 

Steam soak/steam drive Mycellar po1yn-m fimd 

1. 
2. 

3. 

1. 

2, 

3 .  

4. 4, 

- 
1. 
2:- 

3. 
4. 

Water flood 
1 
1. 

2 .  

3. 

4. 

Fire - 

3 .  

4, 

Caustic 

1. 

2 .  
- 

3.  
4. 



a, 
2, 
3. 
4. 

- 
CI 

_ _  
2. . 

3,. . 

4. . .  



1 .  

2 .  

1 )  

2 )  

3)  

3. 

4. 

D O E / E V  WORKSHOP ON ENHAhCED 
O I L  R E C O V E R Y  

QUESTIONNAIRE I I 
8 /25  Morn ing  

Name : 

For the  techno log ies  o f  _ _ _ -  steam, f i r e ,  and C02, p lease rank them by 
i n c r e a s i n g  cos t  ( i . e .  1 i s  cheapest)  i n  t h e y e a r  2000, s t a t e  wh ich  
element/component o f  t h e  techno logy  w i l l  be t h e  most c o s t l y ,  and 
whether t h e  c o s t  o f  t h a t  element/component i s  now r i s i n g ,  f a l l i n g  
o r  remain ing the  same. 

Technology Most C o s t l y  Element Cur ren t  Trend 

Please name and/or d e s c r i b e  t h e  most s i g n i f i c a n t  t e c h n o l o g i c a l  b reak-  
th rough which a w a i t s  t h e  f o l l o w i n g :  

Steam 

Mice1 a r  Polymer F lood:  

co2 : 

l l ha t  s o r t  o f  a s s i s t a n c e  ( i n  t h e  n a t u r e  o f ,  f o r  example, techno logy ,  
r e g u l a t i o n  o r  f i n a n c i n g )  i s  needed f o r  m i c e l l a r  polymer f l o o d ?  P lease 
be as s p e c i f i c  as p o s s i b l e .  

-92- 



5.  For  each of t h e  f o l l o w i n g  t e c h o l o g i e s ,  p l e a s e  l i s t  t h r e e  g e o g r a p h i c  
r e g i o n s  where i t  w i l l  be h e a v i l y  used  i n  t h e  n e x t  20 y e a r s :  

Thermal ( e . g .  steam, f i r e )  1 .  

2. 

Chemical  (e.g. IWF, MPF, 
c a u s t i c )  

Gas (e.g.  C02, H C ,  I d 2 )  

1 .  

2. 

3 .  

1 .  

2 .  

3 .  

6. See f o l l o w i n g  page 
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7 .  :,an2 three problems i n  E O R  which a r e  un ique  t o  Alaskan o p e r a t i o n s .  

8. Name t h r e e  problems i n  EOR wh ich  a r e  un ique t o  o f f s h o r e  o p e r a t i o n s .  

9. Can any EOR t echno logy  e f f e c t i v e l y  o p e r a t e  i n  a we t land  o r  e s t u a r i n e  
env i ronmen t : 

Yes - Which one ( s )  ? 

10. What un ique problems a r e  faced i n  we t lands  and e s t u a r i e s ?  

a \  

1 1 .  W i l l  p r o x i m i t y  t o  t h e  o v e r t h r u s t  b e l t  pose any severe problems f o r  
EOR o p e r a t i o n s ?  

Yes - 

No - 

I f  yes,  p lease d e s c r i b e :  

Y -95- 



D O E / E V  W O S K S H O p  ON ENHANCED 
0 I L R E C O V E R Y  

QUEST I O N N A I  KE I I I 
8 / 2 5  A f t e r n o o n  

1 .  The impact  o f  t h e  " w i n d f a l l  p r o f i t s  t a x "  on E O R  p r o d u c t i o n  i s :  

v e r y  s t i m u l a t i n g  
m o d e r a t e l y  s t i m u l a t i n g  - 

- 

has no impact  
m o d e r a t e l y  r e s t r i c t i v e  __ 
v e r y  r e s t r i c t i v e  

- 

- 

2 .  Scrubber  wastes f r o m  t h e r m a l  E O R  p r o c e s s e s  p r e s e n t s  a: 
s e v e r e  - 
modera te  - 
i n s i g n i f i c a n t  - 

e n v i r o n m e n t a l  problem., w h i c h  has a l o c a l i z e d  - scope.  
n a t i o n a l  - 

3. W i l l  i n c r e a s i n g  c o s t s  o f  and c o m p e t i n g  demand f o r  t r a d i t i o n a l  f u e l s  f o r  
E O R  p rocesses  (e.g.  o i  1 f o r  s team o p e r a t  i o n )  prompt  l a r g e  s c a l e  p r o c e s s  
changes,  such as f u e l  c o n v e r s i o n s ?  

Yes __ I f  yes ,  p l e a s e  g i v e  examples and 
n o  c o s t  f i g u r e s  - __ 

4. Recent  E I A  p r o j e c t i o n s  show 1985 E O R  p r o d u c t i o n  r a n g i n g  f r o m  69O,! IOO - 
730,000 b b l / d a y  and 1990 p r o d u c t i o n  r a n g i n g  f r o m  1.26 - 1.34  m i l l i o n  
b b l / d a y .  B o t h  s e t s  o f  f i g u r e s  a r e  g r o s s  ( i . e .  p r o c e s s  f u e l  needs a r e  
n o t  accoun ted  f o r ) .  

These numbers a r e :  c o r r e c t  - 
t o o  h i g h  - 
too l o w  - 

A b e t t e r  range  i s :  b b l / d a y  (1985) 

bb 1 / day  ( 1990) 

5. I f  you have shown a d i f f e r e n t  r a n g e ,  p l e a s e  d e s c r i b e  t h e  most  immutable 
impediments t o  t h e  a t t a i n m e n t  of t h e  E I A  numbers.  
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Faqe 2 

5 (con t inued)  
What suggest ions  would you make t o  E I A  t o  f i n e  tune o r  c o r r e c t  i t s  
p r e d i c t i v e  methodology? 

6. Do any c u r r e n t  p r o d u c t i o n  p r e d i c t i v e  models f u l l y  r e f l e c t  r e g u l a t o r y  
c o n s t r a i n t s ?  

Yes __ 
no 

I f  yes, wh ich  o n e ( s ) ?  

7. Cur ren t  Federa l  f i n a n c i a l  i n c e n t i v e s  a r e  a:  
s u f f i c i e n t  
i n s u f f i c i e n t  

- t o o l  f o r  s t i m u l a t i n g  E O R  research  and 
- 

produc t ion .  What would t h e  bes t  p o s s i b l e  i n c e n t i v e  program f o r  t h e  nex t  
t e n  years l o o k  l i k e ?  

8. One has t o  admi t  t h a t  day t o  day EOR d e c i s i o n s  a re ,  i n  the  f i n a l  a n a l y s i s ,  
made by c o r p o r a t e  e x e c u t i v e s  who a r e  a f f e c t e d  by a range o f  f a c t o r s .  P lease 
rank these f a c t o r s  i n  terms o f  r e a l - l i f e  impor tance t o  these e x e c u t i v e s .  
Here 1 i s  t h e  most impor tan t  d e c i s i o n  making f a c t o r  and 6 i s  t h e  l e a s t :  

M a x h i x e d  o i  1 p r o d u c t i o n  
Min imized n e g a t i v e  env i ronmenta l  impact 
Maximized pe r  b a r r e l  revenue 
Min imized c o r p o r a t e  t a x  l i a b i l i t y  
Maximized p o s i t i v e  p u b l i c  r e l a t i o n s  
Maximized compl iance w i t h  governmenta l  r e g u l a t i o n s  

9. EOR development i s  p r i n c i p a l l y  shaped ( i  .e. f o r c e d )  by (choose one) : 

T r a d i t i o n a l  i n t e r r . a l  c o r p o r a t e  processes 
F e d e r a l / s t a t e  f i a ;  or o r d e r  
The f r e e  market  
T e c h n o l o g i c a l / p h y s i c a l  f a c t o r s  
N a t i o n a l  energy p l a n n i n g  
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10. 

1 1 .  

12. 

13. 

'Elqe j 

Have the r-2 --derground Injection Control ( U I C )  regulations taken 
adequate accc-nt of E O R  problems? 

What are the Fast significant EOR-related portions of the U I C  regula- 
tions? Please describe: 

-- 

Over the next ten years, will U I C  be an impediment to EOR production? 

Please comment, vis-a-vis specific 
EOR technologies and U I C  restrictions. 

Please list the weaknesses of the EOR EDP and discuss a solution to 
each one you named. 
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Page 4 

14. Current confusion or misunderstanding based on improper terminology 
(e.9. calling well treatment or  stimu1at;on E O R  processes) is a 

severe 
moderate p rob 1 em. 
non 

Please name some marked examples. 

1 )  

1 5 .  Please name and describe (including location/availability) key mass 
balance studies in EOR. 

16. I s  governmental monitoring of-aquifers and/or injected substances a 
worthwhile endeavor? 

Yes __ Why? 
no 

17. Would it be technically or economically feasible for the Federal 
government to become fully aware o f  site specificity of processes o r  
process components (e.g. need for given chemicals) for preparation o f  
documents such as EDPs. 

18. Should permit programs be site oriented and oversight programs look at 
generic elements? 

Should both be site specific? 

Ye5 __ 
no - 
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Page 5 

18 (continued) 

Both generic? 

19. The issue of non-record abandoned wells is a: 

s igni f i cant  -- 
moderate _- problem. 
non -- 
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DOE/EV WORKSHOP ON 
ENHAP-ICED 01 L R E C O V E R Y  

QUESTIONNAIRE I V  
8 /27  Morn ing 

What i s  t he  degree o f  impor tance o f  E O R  produced o i l  i n  U.S.  n a t i o n a l  
secur i t y ?  

C r i t i c a l  f a c t o r  
Impor tant  f a c t o r  
Inc luded i n  more genera l  equa t ions  - 
Plays no r o l e  

I f  EOR o i l  were more w i d e l y  va lued i n  terms o f  a g i v e n  percentage o f  t h e  
p r i c e  o f  f o r e i g n  o i l ,  wou ld  t h e r e  be a marked inc rease  i n  suppor t  f o r  E O R  
a c t i v i t i e s ?  

Yes 
No - 

What i s  t he  f u t u r e  o f  EOR use i n  o t h e r  c o u n t r i e s ?  

U n i v e r s a l / l a r g e  s c a l e  __ 
Unive rsa l / sma l l  s c a l e  ___ Where? 
Sca t te red / )  a rqe  s c a l e  - 
Scat te red /smal l  s c a l e  
No fo reseeab le  use 

Are issues and impacts  i n  enhanced gas recove ry  t h e  same as those f o r  E O R ?  - 

Yes Comments? 
No 
- 

Please e s t i m a t e  t h e  t i m e  needed t o  b r i n g  a new EOR p r o j e c t  o n - l i n e ,  i n c l u d i n g  
t h e  s teps i n d i c a t e d  below. Note t h e  t y p e  of E O R  techno logy  you a r e  t h i n k i n g  
o f  and s p e c i a l  c o n s i d e r a t i o n s  (e.g.  p e r m i t t i n g  i n  a S t a t e  l i k e  C a l i f o r n i a ,  
l o g i s t i c s  i n  A laska ) .  

Regu la to ry  ( p e r m i t t i n g )  - 
L i t i g a t i o n  - 

Equipment deployment - .  

Manpower deployment 

F i  nanc i ng 



Page 2 

5 ( con t inued)  

Spec ia l  Cons ide ra t i ons :  

Should t h e  r e s p o n s i b i l i t y  f o r  m o n i t o r i n g  t h e  impacts o f  EOR (occupa t iona l  
h e a l t h  and sa fe ty ,  env i ronmenta l  o r  ot  

S t a t e / l o c a l  government 
Federa l  government 
I n d u s t r y  

A I  1 

,e,) be t h e  r e s p o n s i b i  1 i t y  o f :  

Should t h e r e  be a forum where i n d u s t r y ,  r e g u l a t o r y  agencies,  s c i e n t i s t s ,  
eng ineers  and a f f e c t e d  p a r t i e s  c o u l d  deve lop  moni t o r i n g  programs? 

-- Yes Comments : 
No 

What i s  t h e  c a p i t a l  c o s t  o f  a sc rubber  f o r  a 25 m i l l i o n  Btu /hr .  steam gener-  
a t o r  used a t  a C a l i f o r n i a  EOR w e l l ?  

s 

I s  a package-type, c o a l - f i r e d  f l u i d i z e d  bed b o i l e r  a p p l i c a b l e  as a steam 
genera to r  i n  t h e  C a l i f o r n i a  f i e l d s  (assuming t h a t  l imes tone  w i l l  be t h e  
so rben t  i n  t h e  bed)?  

Yes I f  no, why n o t ?  

No - 

How c o u l d  t h e  w i n d f a l l  p r o f i t s  t a x  be r e v i s e d  t o  encourage commerc ia l i za t i on  
o f  improved EOR t e c h n o l o g i e s ?  
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~ 

u,,, 

12 

1 3 )  

14)  

Do the  r e g u l a t i o n s  o f  d i f f e r e n t  s t a t e s  lead t o  d i f f e r e n t  c o n c l u s i o n s  
rega rd ing  the  use /usefu lness  o f  v a r i o u s  EdR t e c h n o l o g i e s ?  

Yes What a r e  some examples? 
No 
- 

What mechanisms e x i s t  t o  address t h e  cumu la t i ve  impacts  o f  s e v e r a l  EOR 
p r o j e c t s  i n  a g i v e n  b a s i n  (and who w i l l  address them)? 

W i l l  E l S s  be r e q u i r e d  t o  c o n s i d e r  s l u r r y  p i p e l i n e s ,  s y n f u e l  p r o d u c t i o n ,  
s t r i p  m in ing ,  e t c . ,  i n  c o n j u n c t i o n  w i t h  a g i v e n  EOR p l a n ?  

W i l l  these be a separa te  u n d e r t a k i n g  (1.e.  n o t  p a r t  o f  t h e  EOR p l a n n i n g  
process)  ? 

Yes 
No 

A t  what per  b a r r e l  p r i c e  would t h e  m in ing  o f  s h a l l o w  f i e l d s  become 
f e a s i b l e  today? 

s 
What t e c h n o l o g i c a l  improvements a r e  necessary t o  a l l o w  s h a l l o w  f i e l d  m in ing  
a t  c u r r e n t  o i l  p r i c e s ?  

O i l  m in ing  i n  the  year  2000 w i l l  be: 

Much g r e a t e r  t han  
S 1  i g h t l y  g r e a t e r  t han  
t h e  same as 
l e s s  than 

today.  

What EOR method w i l l  most l i k e l y  be used o f f s h o r e  and when m igh t  t h , s  occu r?  

-103- 



Page 4. 

Do EOR chemicals  rep resen t  a s i g n i f i c a n t  s a f e t y  problem f o r  workers?  

Yes 
N 0 - 

Please d e s c r i b e :  

The w i n d f a l l  p r o f i t s  t a x  has been ment ioned r e p e a t e d l y  as a v e r y  impor tan t  
c o s t  o f  do ing  bus iness  i n  t h e  o i l  i n d u s t r y .  Approx ima te l y  what percentage 
o f  t h e  o i l  remain ing  i n  a f i e l d  f o l l o w i n g  an E O R  o p e r a t i o n  i s  t h e r e  because 
o f  t h e  t a x  (as i t  i s  p r e s e n t l y  s t r u c t u r e d ) ?  

Less than 5% 
5- 10% 
10-20% 
More than 20% 

The most n e g a t i v e  EOR p r o d u c t i o n  impact o f  t h e  w i n d f a l l  p r o f i t s  t a x  i s  i n  t h e :  

Long term 
Shor t  te rm 

The most p o s i t  ve EOR p r o d u c t i o n  impact o f  t h e  w i n d f a l l  p r o f i t s  t a x  i s  i n  t h e :  

Long te rm 
Shor t  term 

Are t h e r e  any EOR p r o d u c t i o n  methods wh ich  h a v e n ' t  been covered he re  and 
w i l l  be o f  major  impor tance i n  t h e  n e x t  20 y e a r s ?  

Yes 
No 
- What a r e  t h e y ?  

I s  t h e r e  any way t o  o b t a i n  r i s k  assessment da ta ,  event  scenar ios  and s i m i l a r  
i n f o r m a t i o n  h e l d  by t h e  i n d u s t r y ?  

Yes Where (or why n o t ) ?  
No 
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2 2 )  

In what degree are we neglecting important components o f  production 
scenarios by concentrating on big fields? 

What suggestions do you have as to how the results and lessons o f  this 
workshop can provide the maximum benefit f o r  all concerned (especially 
those individuals and agencies who were not present). 
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