
V 

- H ~ P I T Z ~ O ! ~ ~ ) ~  Prepared fosl the U.8. Deparbnant of Energy Octobm 19118 

Assistant- Secretary for Energy Technology 
Office of Fossil Energy Programs 
Division of Program Control and Support 
Under Contract No. EF 

Enhanced Recovery of 
Unconventional Gas 

wm Executive Summary- 
Volume I 
(of 3 Volumes) N@TE~~ 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Available f rum: 

National Technical Information Service (NTIS) 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, Virginia 22161 

Price: Printed copy: $5.25 
Microfiche: $3.00 



H c P 1~2705-0 1 Prepared for the U.S. Department of Energy October 1978 
Bist. Category UC-92a Assistant Secretary for Energy Technology 

Office of Fossil Energy Programs 
Division of Program Control and Support . 
Washington, D.C. 20545 

Enhanced Recovery of 
Unconventional Gas 

Executive Summary - 
Volume 1 (of 3 Volumes) 
Prepared by 
Mr. Vello A. Kuuskraa, Lewin and Associates, Inc. 
Dr. J. P. Brashear, Lewin and Associates, Inc. 
Dr. Todd M. Doscher, University of 

Southern California 
Mr. Lloyd E. Elkins, Independent Consultant 

Under Contract To 
Lewin and Associates, Inc. 
Washington, D.C. 20024. 

Contract No. EF-77-C-01-2705 

NOTICE 

sponsored by ihe United States Covcrnmcnl. Netther the 
Unilcd States nor the United Staler Department of 
Energy, nor any of their employers, nor any of their 
contractors, rubcontracton, or their employees, makes 
any warranty, express or implied, or assumes any legal 
liability or ncponsihility for L e  accuracy,complcteneu 
or urefulneu of any information, apparatus, product or 
p r o m s  disclou'd, or reprevnu that its use would not 

NU1.E: This.documerll was prepared for the Energy Research and Development Administration 
(ERDA) prior to  the activation of the Department of Energy (DOE) by the Energy Reorganization Act. 
Therefore, wherever ERDA is mentioned, its functions have been transferred to  DOE. 

-.. w~E1sUT~oN OF %-g8 D OCU&miT ,Q U N ~ , W ~ I )  



C - 

NOTICE 

This report was prepared as an account of work sponsored by the 
United States Goveinment. Neither the United States nor the United 
States Department of Energy. nor any of their employees, makes any 
warranty, express or implicd, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, p r d u c t ,  or process disclosed. or represents 
that its use ww ld 'no t  infringe privately owned rights. Reference 
herein t o  any specific commercial product, process, or service by 
trade name, mark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by  
the United States Government or any agency thereof.   he views and 
opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any q n c y  thereof. 



REVIEh CRM'l' NCTE 

T h i s  reFcrt consists of three vclurres: 

VolmeI:  ExecutiveSm~ary 

Volume 11: The Frograp 

Vcl me I11 : Pe thodology 

Eecause of demand fcr  the results of t h i s  study, review drzfts  cf the f i r s t  
two vo1m.e~ are being ~ublished b e f ~ r e  Volume I11 i s  conplete. A draft  of 
Volume I11 w i l l  be issued shortly, a t  which t i r e  it w i l l  receive the same 
distribution as  Volumes I and 11. 



TABLE OF CONTENTS 

Page 

PART I: THE PUBLIC POLICY ISSUES 

I. INTRODUCTION 

11: . BACKGROUND 

111. DOMESTIC GAS SUPPLY 

A. The Role o f  convent ional Sources 
B. The Current  Con t r i bu t i on  o f  Unconventional 

Sources 
C. Major Trade-of fs  f o r  Increas ing  Domestic 

Gas Supply 

I V. GAS FROM UNCONVENTIONAL SQlJRCES -- A SUMMARY 
OF ITS ECONOMIC POTENTIAL 

A. Base Case 
B. Advanced Case 
C. Summary of t he  P o t e n t i a l  o f  Unconventional 

Gas Sources 

GAS FROM DETAILED SOURCES -- A MORE DETAILED VIEW 

A. The P o t e n t i a l  o f  the  T i g h t  Gas Basins 
0 .  The Pu.Ler~L,idl oT' the Devonian Shales - -  

Appalachian Basin 
C. The-. P o t e n t i a l  o f  Methane f rom Coal Seams 
D. The P o t e n t i a l  o f  Methane from Geopressured 

Aqu i f  e rs  

V I .  TRADE-OFF ANALYSIS 



PART I 

THE PUBLIC POLICY ISSUES 

In t roduct ion  

. Background 

Domestic Gas Supply 

e Gas From.Unconventiona1 Sources -- 
A Summary of I t s  Economic Po ten t i a l  

Gas From Unconventional Sources -- 
A More Detai led View 

e Trade-Off Analysis 



Tab le  o f  Contents 
Page 2 

Page 

PART 11: THE PROPOSED RESEARCH STRATEGY I N  ENHANCED GAS RECOVERY 

A. Proposed R&D P lan  

B. R&D Costs 

C. P roduc t ion  Benef i t s  

D. Cos t -E f fec t i veness  o f  t h e  Research Program 

E, The Need for. Add i t i ona l  Options 

PART I I I : METHODOLOGY 

A. Purpose f o r  t he ,  ~ t b d y  

B. A n a l y t i c  Methodology 

C. Use o f  Ana lys is  

PART I V  : ACKNOWLEDGEMENTS 



LIST OF EXHIBITS 

E x h i b i t  1 The P o t e n t i a l  o f  Gas f rom Unconvent ional  Sources 

E x h i b i t  2 P ro jec ted  Produc t ion  from Convent ional  Gas Reserves 
( a t  Gas P r i ces  o f  $1.75/Mcf) 

E x h i b i t  3 T o t a l  Domestic Gas Supply - -  Convent ional  and 
Unconvent ional  Sources ( a t  Gas P r i ces  o f  $1.75/ 
Mcf and Cur ren t  Technology) 

E x h i b i t  4 The P o t e n t i a l  of Gas f rom Unconvent ional  Sources 
/ 

E x h i b i t  5 T o t a l  Domestic Gas Supply - Convent ional  and 
Unconvent ional  Sources ( a t  Gas P r i c e s  o f  $1.75/ 
Mcf and Cur ren t  Techno1 ogy) 

E x h i b i t  6 The P o t e n t i a l  of Unconvent ional  Gas Sources Under 
Advanced Technology ( a t  Gas P r i ces  o f  $3.00/Mcf) 

E x h i b i t  7 U l t i m a t e  Recovery by Unconvent ional  Targe t  
( a t  $3.00/Mcf) 

E x h i b i t  8 Loca t i on  o f  Major  T i g h t  Gas Basins 

Exhi  b i t  9 'Base and Advanced Case U l t i m a t e  Recovery a t  
Three P r i ces  

E x h i b i t  10 Annual Produc t ion  f rom t h e  T i g h t  Basins t o  t h e  
Year 2000 ( a t  $9.75 and $3.00 p e r  ~ c t )  

E x h i b i t  11 Geolog ica l  D i s t r i b u t i o n  o f  t h e  Devonian Shales 
o f  t h e  Appalachian Basin 

E x h i b i t  12 Devonian Shale U l t i m a t e  Recovery ( a t  Three Gas P r i c e s )  

E x h i b i t  13 Annual Produc t ion  from t h e  Devonian Shale t o  t h e  
Year 2000 ( a t  $1.75 and $3.00 p e r  Mcf)  

E x h i b i t  14 S i m p l i f i e d  Flow .Diagram o f  t h e  EGR Ana lys is  

Page 

4 



THE PUBLIC POLICY ISSUES 

I. - INTRODUCTION 

As t h e  conven t iona l  domest ic  n a t u r a l  gas suppl  i es dw ind le ,  t h e  

n a t i o n  i n c r e a s i n g l y  must l o o k  f o r  ways t o  s low these  t r ends  and seek new 

suppl i e s .  The choices faced a r e  c o n t r o v e r s i a l ,  c o s t l y ,  and r i s k y .  They 

e n t a i l  d i f f i c u l t  ba l anc ing  among h i g h e r  p r i c e s  ,' acce le ra ted  d e v e l o ~ m e n t ,  

r e l i a n c e  on impor ts ,  and new technology.  

P a r t  I o f  t h e  Execu t i ve  Summary* o f  t h e  s tudy  o f  enhanced gas 

recovery  serves t o  a s s i s t  p u b l i c  d e c i s i o n  makers s e l e c t  among t h e  many 

choices by address ing  t h r e e  s t r a t e g i c  ques t i ons :  

How severe i s  t h e  need. f o r  a d d i t i o n a l  f u t u r e  

supp l i es  o f  n a t u r a l  gas? 

What i s  t h e  economic p o t e n t i a l  o f  p r o v i d i n g  

a  p o r t i o n  o f  f u t u r e  supp ly  th rough  enhanced 

recove ry  f rom unconven t iona l  gas resources?  

I s  i t  more c o s t - b e n e f i c i a l  to '  use p r i ce , * *  

p u b l i c  R&D, o r  a  comb ina t ion  o f  bo th  t o  s t i -  

mu la te  t h e  p o t e n t i a l  o f  t h e  unconvent iona l  gas 

sources? 

* P a r t  I 1  o f  t h e  Execu t i ve  Summary and t h e  fu.11 r e p o r t ,  
Enhanced Recovery of  UnconventionaZ Gas, p r o v i d e  
f u r t h e r  a n a l y s i s  o f  these  t h r e e  ques t i ons  and a  frarne- 
work f o r  des ign ing  a  c o s t - e f f e c t i v e  DOE resea rch  and 
development program t o  s t i m u l a t e  i n d u s t r y  t o  recover  
t h i s  unconvent iona l  source gas and t o  produce i t  sooner 
P a r t  111 o f . t h e  Execu t i ve  Summary p rov ides  a  r ev i ew  o f  
t h e  methodology and acknowledges t h e  nany i n d i v i d u a l s  
t h a t  c o n t r i b u t e d  t o  t h i s  s tudy.  

** The term " p r i c e " ,  used i n  t h e  paper, serves t o  summarize 
any combinat ion o f  economic i n c e n t i v e s  such as market  
p r i c e ,  t a x  p r o v i s i o n s ,  p u b l i c  subs id i es ,  e t c . ,  t h a t  can 
be expressed i n  " p r i c e  t o  t h e  p u b l i c "  e q u i v a l e n t  terms.  



I I. BACKGROUND 

U n t i l  r e c e n t l y ,  t h e  more convent ional  sources prov ided enough 

n a t u r a l  gas t o  meet t h e  n a t i o n ' s  demand.' It was n e i t h e r  necessary nor  

economic t o  develop any th ing  more than the  discovered convent ional  reser -  

v o i r s  o r  the  "cream" o f  t he  unconventional resources.* 

Now, w i t h  sha rp l y  d e c l i n i n g  pr-uduct lon from these convent ional  

sources, i t  i s  e s s e n t i a l  t o  re-examine t h i s  posture.  

Analyses of n a t u r a l  gas supply i n d i c a t e  t h a t  t he  na tu ra l  gas 

c u r t a i l m e n t s  of t h e  w i n t e r  o f  197611977 were n o t  abnormal i t ies  b u t  a re  

p r e d i c t a b l e  and, unless counteracted, r e c u r r i n g  phenomena. Without new 

programs o r  s u b s t i t u t e  gas sources, t h e  prospects f o r  f u t u r e  s h o r t f a l l s  

i n  na.tura1 gas supply a r e  grave. 

This  s tudy recommends t h a t  research and development e f f o r t s  i n  

enhanced gas recovery  o f  near-convent ional and unconventional gas sources 

should be one among a number o f  programs pursued f o r  augmenting domestic 

supp l ies .  W i th in  t h e  R&D program, th ree  goals need t o  be v igo rous l y  pursued 

i f  t h e  unconventional gas sources a re  t o  make a s i g n i f i c a n t  near-term impact: 

* The b e t t e r  p o r t i o n s  o f  t h e  "unconventional sources" o f  gas 
have been under a c t i v e  e x p l o i t a t i o n  o r  study f o r  many years: 
-- Almost 3 T c f  o f  gas has been produced from t h e  Devonian 

shaZes s ince the  t u r n  of t he  c ~ n t ~ ~ r y ,  w i t h  another 1 Tcf 
i n  proved reserves y e t  t o  be produced. 

-- D r i l l i n g  i n  t he  more favorab le  p o r t i o n s  o f  t h e  low per- 
m e a b i l i t y  tight gas basins has been underway f o r  over 
30 years and has y i e l d e d  over 10 Tcf . 

-- Methane emissions from coal seams -- an h i s t o r i c  hazard 
t o  coal  min ing  - -  have averaged about 0.1 Tc f  per  year ,  
a1 though none i s  c u r r e n t l y  captured f o r  commercial markets. 

-- F i n a l l y ,  even t h e  geopressured aquifers, t he  l e a s t  de f ined 
of  t h e  unconventional na tu ra l  gas sources, have been placed 
under t e s t i n g  d u r i n g  the  past  year .  



Exhibit 1 

The Potential of Gas from Unconventional Sources 
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The remainder o f  Pa r t  I o f  the  Executive-Sumyary cons i s t s  o f :  
' 

(1  ) a perspect ive  on domestic na tu ra l  gas suppl i e s  ; ( 2 ) .  summary f i n d i n g s  

on the  economics and p o t e n t i a l .  o f  augmenting domestic gas supp l ies  from 

unconventional sources; ,and (3 )  t h e  pub1 i c  pol  i c y  op t i ons  t h a t  would most 
. . - . .  

c o s t - e f f e c t i v e l y  s t imu la te  t h e  recovery o f  these add, i t ional  gas suppl- ies. 



111. DOMESTIC GAS SUPPLY 

A. The Role of Conventional Sources 

Natural gas, the nat ion 's  second most ut i l ized fue l ,  provides 

about t h i r t y  percent ' of the country' s total  energy requirements. As the 
use of natural gas grew during the early 1 9 7 0 ' s ~  the domestic capacity to  

sustain t h i s  use declined. The ef fec ts  of th i s  were f e l t  f i r s t  through 

periodic curtailments and f ina l ly  during the winter of 197611977 by severe 

industrial  disruption, 

Con-tinuing shor t fa l l s  are  predictable without a change in the 

current s i tuat ion:  

New discoveries and extensions of known f i e lds  have 

replaced l e s s  than one-half of the gas consumed over 

the l a s t  seven years. , 

Total proved reserves as a resu l t  have declined by 

26% since 1970, from 290 Tcf to  216 Tcf. Of the 

216 Tcf, 32 Tcf are  in Alaska, unava i l ab l~  wit.hnut 

a pipeline o r  other means of trartsporatdtion -- 
leaving only 184 Tcf in readily accessible proved 

. reserves. 

With annual production running a t  19.5 Tcf, the 

r a t io  of proved reserves to  production i s  a t  an 

a l l  1i111tt low, about 11 t o  1 ;  a t  current production 

rates  and without rlew ddditions, the nation has an 

eleven year gas supply in terms of recoverable 

reserves -- about nine and a half years when Alaska 

i s  excluded. 



Product ion from conventionaZ sources* o f  domestic n a t u r a l  gas 

under a gas p r i c e  o f  $1.75/Mcf and c u r r e n t  technology shows a con t i nu ing  

downturn throughout t he  r e s t  of t h i s  century  ( E x h i b i t  2 ) .  

SUPPLY OF  CONVENTIONAL SOURCE NATURAL GAS 

Year Tcf IYear 

Without improved economics o r  major new f r o n t i e r s  ,** domestic 

supp l ies  from conventionaZ sources w i l l  f a l l  f a r  s h o r t  o f  h i s t o r i c  l e v e l s  

of gas use. 

B. The Current  Con t r i bu t i on  o f  Unconventional Sources 

The unconventional na tu ra l  gas resources, pa r t i cu1 ,a r l y  t h e  mo're' 

g e o l o g i c a l l y  favorab le  t i g h t  gas basins, even now s i g n i f i c a n t l y  c o n t r i b u t e  

t o  domestic product ion.  These sources c u r r e n t l y  p rov ide  about 1 T c f  per  

year '  and cou ld  provide, under Base Case*** ( c u r r e n t  and near term technology) 

assumptions, over 2 Tc f  i n  1990. 

* 1ncludi.ng c u r r e n t l y  proved, reserves, exc lud ing  A1 aska, 
i n f e r r e d  reserves added t o  known f i e l d s ,  and the  seven- 
year  h i s t o r i c  r a t e  o f  new d iscover ies .  

** A . f u l l  ana l ys i s  o f  p r i c e l s u p p l y  e las ' t i c . i t y  o f  co.nven- 
t i o n a l  gas sources was beyond the  scope o f  t h i s  study; 
th'us, a l l  p r o j e c t i o n s  o f  conventio'nal gas supply were 
made a t  $1.75 per  Mcf. However, t h e  geologic  da ta  and 
t h e  ana lys is  o f  near-convent ional gas sou,rces show t h a t .  
important  addi'tions t o  supply cou ld  accrue 'o 'n ly  a f t e r  
p r i c e s  reach th resho ld  l e v e l s  t h a t  open up major new, 
and he re to fo re  uneconomic, f r o n t i e r s  .. . . , . . 

. . 

*** The Base C a s e  assumes indus t r y  as a whole would apply 
t h e  technology t h a t  i s  c u r r e n t l y  t he  s t a t e  o f  t he  a r t .  

. . 



Exhibit 2 

Projected Production from Conventional Gas Reserves 
- 

(at Gas Prices of $1.75/Mcf) 

DISCOvERIES AND 
EXTENSIONS OF 

TOTAL 
CONVEN 
SOURCE 
SWPL Y 

T I  ONAL 

A/ RESERVES OF C R U D E O I L ,  NATLRAL GAS L I Q U I D S  AND NATURAL GAS I N  
THE W I T E D  STATES AND CANADA AS OF DECEMBER 31. 1976 ,  87 AGA/API/CPA. 

/ BASED ON A RECENT,LEWIN AND ASSOCIATES, INC.,, STUDY, A N A I Y S I S  OF 
Jtf T I M I N G  AND TOTAL PF INFFRRED RESJZRVES OF NATURAl GAS I N  THE 
a T I m S  W I T E D  STAES, BY J. BRASHEAR AND F. MORRA. 

z/ BASED ON ONSH)R€ (LOWER 4 8 )  DISCOVERIES OF 1.0 TCF/YEAR AND 
OFFSHORE (LOWER 4 8 )  DISCOVERIES OF 0.5 TCF/YEAR, GROWING TO 
3.9 AND 1.9 TCF RESPECTIVELY THROUGH DEVELOPMENTAL DRILL ING.  



With t h i s ,  t o t a l  gas supply from domestic sources w i thou t  

advances i n  technology would be as fo l l ows :  

DOMESTIC GAS SUPPLY FROM A L L  SOURCES 
WITHOUT ADVANCES I N  TECHNOLOGY 

( A T  31.75 PER MCF) 

Add i t i ona l  Base Case 
Conventional* Unconventional Sources Tota l  An t i c i pa ted  

Year Sources ( a t  $1.75/Mcf) Domestic Supply 

Even w i t h  these add i t i ons  from unconventional sources, by 1985 

domestic na tu ra l  gas supply w i l l  be 6 t o  8 Tc f  below recen t  usage and as 

much as 10 Tc f  s h o r t  by 1990. E x h i b i t  3 prov ides a d i s p l a y  o f  t o t a l  a n t i -  

c i pa ted  domestic supply o f  na tu ra l  gas between now and the  year  2000 under 

c u r r e n t  economic and techno log ica l  cond i t ions .  I t  i s  c l e a r  t h a t  s t i l l  o t h e r  

opt ions w i l l  need t o  be considered t o  avo id  a ser ious n a t u r c l  gas s h o r t f a l l .  

C. Major Trade-of fs  f o r  Increas ing  Domestic Gas Supply 

Several choices are  a v a i l a b l e  t o  p u b l i c  pol icy-makers seeking t o  

increase na tu ra l  gas supply and thus c lose  t h i s  gap, i n c l u d i n g :  

Improving the  economic i ncent iver  f o r  ga.s product  ion ,  

through h igher  p r i ces  o r  more favorab le  taxes. 

. . . . - . . . - .... . 

* The supply from convent ional sources a l ready  inc ludes  some 
unconventional gas product ion,  c a l c u l a t e d  a t  about 1 Tcf i n  
1977. The. gas from unconventional sources est imated by t h i s  
study i s  i n  a d d i t i o n  t o  t h e  amounts a l ready proved and being 
produced .from unconventional sources. 

** Less than 0.5 Tc f  per  year.  



Exhibit 3 

Total Domestic Gas Supply - Conventional and Unconventional 
Sources (at Gas Prices of $1.75/Mcf and Current Technology) 

NATURAL , 
GAS USAGE 
1970- 1975 

1 / 
PRODUCTION FROM PROVED,- 
INFERRED . /  AND UNDI SCOVERED 

A/ BASED ON AGA/API/CPA, RESERVES OF CRUDE O I L ,  NATlRAL GAS L I W I D S  

fl NATWAL GAS I N  THE W I T E D  STATES A- A, DECEMBER 31. f.370 
TI-ROLG-4 1976. . . 

2 BASED ON TI€ LEWIN Ahdl ASSOCIATES, INC. S 1 U ) Y .  ANALYSlS UF Im 
TIMING AND TOTAL OF IWERFED RESERVES OF NATURAL GAS I N  THE 

GONTIcuduS W I T E D  STATES. B Y  J. BREASI-EAR AND F. MORRA. REFQRTED 

I N  V O L C m  I11 OF T H I S  REPORT. 
J/ BASED ON ONSHORE (LOWER 4 8 )  DISCOVERIES OF 1.0 TCF/YEAR AND 0FFSH)RE 

(LOWER 4 8 )  DISCOVERIES DF 0.5 TCF/YEAR. CROWIffi TO 3.9 AND 1.9 RES- 

PECTIVELY TM?OUGH DEVELOePlENTAL DRILLING. 

W FROM T E  1978 S T W Y  ff Y m T W  
BY &WIN AND ASSOCIATES, INC. 



S t i m u l a t i n g ' f r o n t i e r  exp lo ra t i on ,  through acce lera ted  

and i nnova t i ve  l eas ing  p o l i c i e s .  

Nego t ia t i ng  secure, imported sources f o r  na tu ra l  gas 

and LNG. 

. Accel e r a t i n g  t h e  development o f  coal , heavy o i  1 , o r  

shale g a s i f i c a t i o n .  

Developing improved techno1 ogy (enhanced gas recovery)  . 
f o r  f u r t h e r  developing the.unc6nvent ional  sources o f  
gas. . . 

A mix o f  t h e  above e.conomic and techno log ica l  choices appears 

requ i red  t o  a v e r t  ser ious s h o r t f a l l s .  This  summary argues t h a t  focused 

research and development o f  enhanced gas recovery can s u b s t a n t i a l l y  inc rease 

gas supply from unconventional sources and prov.ide an economic and h i g h l y  

c o s t - e f f e c t i v e  near-- and long-term opt ion .  

The nex t  sec t i on  prov ides p r i ce ,  supply, and c o s t  data on uncon- 

vent iona l  gas sources t o  a s s i s t  po l  i c y  makers i n  making a choice. 



I V .  GAS FROM UNCONVENTIONAL SOURCES -- A SUMMARY OF I T S  
ECONOMIC POTENTIAL 

The study o f  enhanced gas recovery f i n d s  t h a t :  (1) unconvent ional 

sources of n a t u r a l  gas a l ready  prov ide  about 1  T c f  per  year  t o  domestic gas 

product ion;* (2 )  t h e  gas product ion  i n d u s t r y  has and w i l l  cont inue t o  make 

s i g n i f i c a n t  t echno log i ca l  advances i n  c e r t a i n  o f  t he  more de f ined unconven- 

t i o n a l  gas areas and, depending on gas p r i c e ,  would prov ide  f rom 2  t o  3.5 

, T c f  o f  gas p e r  year  by 1990, as  described i n  t h e  R ~ S P  C a ~ e ;  and ( 3 )  s i g n i f i -  

cant  a d d i t i o n s  t o  recovery  and acce le ra t i on  of p roduct ion  cou ld  accrue from a  

successfu l  Federa l - i ndus t r y  c o l l a b o r a t i v e  K&D program i n  enhanced gas recovery, 

r a i s i n g  the  t o t a l  c o n t r i b u t i o n  o f  the  unconventional gas sources t o  a  range o f  

6 t o  8  Tcf pe r  yea r  by 1990 (depending on p r i c e ) ,  as descr ibed below as the 

Advanced Case. 

Base Case** 

Even under Base Case technology and a  gas p r i c e  of $1.75 per Mcf, 

t h e  unconventional sources can prov ide  an impor tan t  a d d i t i o n  t o  domestic gas 

supply -- about 2  T c f  per  year  by 1990. 

I nc reas ing  p r i c e  ( o r  i t s  economic equ iva len t )  t o  a  range compet i t i ve  

w i t h  o t h e r  energy sources,*** f rom $1.75 per  Mcf t o  $3.00 per  Mcf, increases 

u l t i m a t e  recovery f rom unconventional gas resources from about 70 Tc f  t o  over 

Ihe pr imary source f o r  t h i s  yas i s  from t i g h t ,  b lanket  
gas basins such as t h e  San Juan and Denver Basins. 

** Base Case i s  de f i ned  as a n t i c i p a t e d  techno log ica l  advances 
and gas p roduc t i on  w i t h o u t  an accelerated K&U program i n  
enhanced gas recovery.  

*** P r i c e  i s  s t a t e d  i n  1977 d o l l a r s  and assumed mainta ined i n  
constant  d o l l a r s  through the  p e r i o d  of ana lys is ;  f o r  
example, a  $1 .75 .p r i ce  under 6 percent  i n f l a t i o n  would 
need t o  be $2.75 as expressed i n  1985 d o l l a r s .  



100 Tcf, acce le ra tes  t h e  c o n t r i b u t i o n  o f  these resources by.1990 from 

14 t o  n e a r l y  22 Tc f ,  and r a i s e s  t h e  1990 produc t ion  r a t e  f rom s l i g h t l y  

over 2 t o  3.5 Tcf .  

- 
TOTAL BASE CASE ESTIMATES (TcF) 

Cumulative 
U l t i m a t e  Recovery by Product ion Rate 
Recovery 1990 i n  1990 

A t  $1.75 per  Mcf 70 14.4 

A t  $3.00 pe r  Mcf 110 21.5 

Ra is ing  p r i c e  has a d i r e c t  and s i g n i f i c a n t ' e f f e c t  on gas produc t ion  
, 

from t h e  T i g h t  Gas Basins and t h e  Devonian shale, b u t  a s i m i l a r  p r i c e  inc rease 

on . i t s  own i s  inadequate t o  i n i t i a t e  p roduc t ion  f rom t h e  o t h e r - t w o  areas 

addressed by t h e  s tudy -- Methane f rom Coal Seams and Methane f rom Geopressured 

Aqu i fe rs .  

B. Advanced Case* 

Considerable q u a n t i t i e s  o f  a d d i t i o n a l  gas cou ld  be. produced .through 

successful  R&D, d i r e c t e d  toward improving understanding o f  t h e  resource base 

and advancing t h e  techno1 ogy f o r  recover ing  i t .  For t h i s  , t h e  study posed an 

Advanced Case -- a s e t  o f  evo lu t i ona ry  R&D goals  t h a t  would expand t h e  a v a i l -  

ab le  geo log ica l  t a rge ts ,  -increase t h e  recovery e f f i c i e n c y ,  and acce le ra te  t h e  

e x p l o i t a t i o n  o f  t h e  unconvent ional gas resources.** 

* The Advanced Case f o r  unconvent ional sources i nc ludes  
t h e  Base Case as w e l l  as a d d i t i o n a l  s t i m u l a t i o n  by 
accelerated public research i n  enhanced gas recovery.  

** Volume I1 o f  t h e  s tudy se ts  f o r t h  t h e  e x p l i c i t  goals  
and t ime tab le  f o r  reaching t h e  Advanced Case. 



Under t h e  ~ d v a n c e d  Case, a t  $1..75 per  Mcf, 150 t o  160 T c f  cou ld  

be u l t i m a t e l y  added t o  domest ic gas ' recovery f rom unconvent ional sources. 

Annual p roduc t i on  would reach 6.6 T c f  i n  1990. 

TOTAL ADVANCED CASE'ESTIMATES (TCF) 

Cumulative 
U l  t i rna te  Recnvery Product ion Rate 
Rccovery by 1330 i n  1990 

A t  $1.75 per  Mcf 
-- To ta l  Advanced Case 150-1 60 38.0 6.6 
-- Increment Over Base 80- 90 23.6 4.3 

Case 

A t  $3.00 per  Mcf 
--. To ta l  Advanced Case 200-220 49.0 8.3 
-- Increment Over Base 90-1 10 27.4 4.8 

Case 

The greatest t o t a l  production from unconventionaZ resources, however; 

would accrue from a combination of improved economic incentives and advanced 

technology. A t  gas p r i c e s  o f ,  $3.00 per  Mcf, 200 t o  220 Tcf o f  unconvent ional 

n a t u r a l  gas cou ld  be u l t i m a t e l y  recovered w i t h  . s u b s t a n t i a l  q u a n t i t i e s ,  n e a r l y  

50 Tc f ,  a v a i l a b l e  between now and 1990. Th i s  h igher  gas p r i c e  combined w i t h  

advanced technology w i l l  enable gas producers t o  develop t h e  l e s s  p roduc t i ve  

p a r t s  o f  t h e  Devonian shales i n  t he  Appalachian Basin, and prov ides a t h resho ld  

p r i c e  f o r  beginning p roduc t i on  o f  methane f rom coal and geopressured aqu i fe rs .  

I n  t h e  t i g h t  gas basins, i t  enables i n d u s t r y  t o  e x p l o i t  t he  more d i f f i c u l t  por- 

t i o n s  o f  t h e  t a r g e t .  



Summary o f  t h e  P o t e n t i a l  o f  Unconventional Gas Sources 

Under a successfu l  R&D program, unconvent ional sources cou ld  make 

a s u b s t a n t i a l  c o n t r i b u t i o n  t o  gas supp l ies ,  as shown i n  E x h i b i t  4. 

Under c u r r e n t  technology and gas p r i c e s  o f  $1.75/McfY 

70 T c f  cou ld  be recovered. 

Advanced techno1 ogy , combined w i  t h  a $3.00/Mcf p r i c e ,  

cou ld  inc rease t h e  t o t a l  t o  200-220 Tc f .  

Moreover, impor tan t  amounts cou ld  be made a v a i l a b l e  i n  t h e  near- 

term. As E x h i b i t s  5 and 6 show, t h e  unconvent ional gas sources, a l ready  

p r o v i d i n g  about 1 T c f  per  year ,  c o u l d  prov ide,  under Advanced Technology 

and acce le ra t i on ,  f rom 3 t o  4 T c f  i n  1985, and f rom 6 t o  8 T c f  i n  1990 ( a t  

$1 .75 and $3.00 per  Mcf, r e s p e c t i v e l y )  . Thus, unconvent ional sources o f  
a 

n a t u r a l  gas cou ld  be an impor tan t  and:economically a t t r a c t i v e  source f o r '  

a d d i t i o n a l  domestic source gas suppl ies. .  



Exhibit 4 

The Potential of Gas from Unconventional Sources 
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Exhibit .5 Exhibit 6 

Total Domestic Gas Supply-Conventional and The Potential of Unconventional Gas Sources Under 
Unconventional Sources (at Gas Prices of $1.75/Mcf Advanced Technology (at Gas Prices of $3.00/Mcf L 

and Current Technology) 
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Tt€ T I M I N G  AM) TOTAL OF I N E R R E D  RESERVES OF NATURAL GAS I N  TI€ 
CONTIGWUS W I T E D  STATES. BY J. BRASHZAR AN0 F. MJRRA. 

2/ BASED ON ONSHJRE (LOWER 4 8 )  DISCOVERIES OF 1.0 TCF/YEAR AND 

OFFS- (LOWER 4 8 )  DISCOVERIES CF 0 . 5  T C F / E A R .  WOWING TO 
3.9 AND 1.9 TCF R E S R C T I M L Y  THROUGH DEVELOPMENTAL DRILL ING.  

4J CONVENTIONAL SOURCE GAS I S  ESTIMATED AT 11 .75  PER MCF. 
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V .  GAS FROM UNCONVENTIONAL SOURCES -- A MORE DETAILED V I E W ,  

The p r o j e c t i o n  o f  new supp l ies  o f  unconvent ional gas represents 

an aggregat ion f rom numerous sources, ranging from some near-convent ional 

fo rmat ions  i n  t h e  t i g h t  gas basins t o  the  unexplored p o t e n t i a l  o f  geo- 

pressured a q u i f e r s .  The resource base cons i s t s  o f  f o u r  broad ta rge ts :  

o T i g h t  Gas Basins 

Methane f rom Coal Seams 

Methane f rom Geopressured Aqu i fe rs  
. . 

E x h i b i t  7 shows t h e  c o n t r i b u t i o n  o f  these unconventional sources 

t o  domestic gas supply, a t  $3.00 per  Mcf under Base Case and' Advanced Case 

technology, i n  terms o f  a d d i t i o n s  t o  u l t i m a t e  recovery. 

The f o l l o w i n g  sec t ions  summarize t h e  background and p o t e n t i a l  f o r  

each o f  these f o u r  unconventional gas resources. 

The P o t e n t i a l  o f  t h e  T i g h t  Gas Basins 

The T i g h t  Gas t a r g e t  cons i s t s  o f  t h i r t e e n  western and southwestern 

basins,. as shown i n  E x h i b i t  8. They con ta in  the  o r i g i n a l  t h ree  Western T i g h t  

Gas Basins i d e n t i f i e d  by t h e  FPC, t h e  l a r g e  shal low gas area o f  t h e  Northern 

Great P l a i n s  Province, and n ine  a d d i t i o n a l  t i g h t  gas basins p r e v i o u s 1 y . i d e n t i -  

f i e d  as being low p e r m e a b i l i t y  b u t  analyzed f o r  t h e i r  f i r s t  t ime i n  t h i s  study. 

The t o t a l  gas i n  p lace  i n  t he  probable and poss ib le  areas o f  these 13 basins 

I s  about 400 TcP.* 

* A l l  specu la t i ve  acreage i n  these basins was excluded . . 

f rom t h e  c u r r e n t  study. 



Exhibit 7 
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Ultimate Recovery by'Unconventional Target 
(at $3.00/Mcf) 
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Exhibit 8 

Location of Major Tight Gas Basins 

W ' S  PRImRY v 
A. GREATER GREEN RIVER BASIN TERTIARY AND CRETACEOUS 

B. PICEANCE BASIN TERTIARY AN0 CRETACEOUS 

C. UINTA BASIN TERTIARY AM) CRETACEDUS 

D. NORTHERN GREAT ?LAINS CRETACEOUS 
PROVINCE 

E. WILLISTON BASIN CRETACEGUS 

POCITIONAL LOW-PERMEABILIN AREAS I N  THE STUDY 

1. BIG HORN BASIN TERTIARY AND CRETACEOVS 

2.  C m C N  VALLEY TRENO JURRASSIC 

3. DENVER BASIN CRETACEOUS 

4. DOUGLAS CREEK ARCH CRETACEOUS N 

5. OUACHITA MOUNTAINS MISSISSIPPIAN 
0 

PROVINCE 

6. W JUAN BASIN CRETACEOUS 

7. SOMRA BASIN PENNSYLVANIAN 

e. WINO RIVER BASIN TERTIARY AND CRETACEOVS 

O W R  L ~ - P E ~ A B I L I T Y  AREAS NOT 1- I N  SmOy 

a. WOARKO BASIN PENNSYLVANIAN 

b. A R W  BASIN PEMYLVANI AN 

C .  FOR7H WORTH BbSIN PENNSYLVANIAN 

d. RATON BASIN TERTIARY AND CRETACEOUS 

e. SNAKE RIVER ~ A R P  TERTIAW AND CRETACEOUS 

f . WASATCH PLATEAU CRETACEOUS 

g. WESTERN GULF BASIN TERTIARY AM) CRETACEOUS 

SOURCE, U S .  ERDA. WESTERN GAS SAN)S. 
~ J K T  R~N.  8/1/77 



p r o d u c t i o n  f rom t h e  t i g h t  gas bas ins  was found  t o  be s e n s i t i v e  

t o  inc reases  i n  gas p r i c e  and t o  advances i n  technology ( E x h i b i t s  9 and 

10) .  Under c u r r e n t  and near- term (Base Case) technology,  i n d u s t r y  i s  

expected t o  produce s u b s t a n t i a l  q u a n t i t i e s  o f  n a t u r a l  gas f rom these  bas ins .  

Base Case 

- A t  $1.75 pe r  Mcf, n e a r l y . 7 0  T c f  w i l l  u l t i m a t e l y  be 

recovered. 

Ra i s i ng  t h e  gas p r i c e  t o  $3 .OO pe r  Mcf inc reases  

Base Case u l t i m a t e  recovery  by 30 Tc f ,  t o  about 100 

Tc f ;  r a i s i n g  t h e  p r i c e  f u r t h e r  adds l i t t l e  add i -  

t i o n a l  recovery.  

rn The 1990 annual p roduc t i on  r a t e  under t h e  Base Case 

would range f rom 2 t o  3  T c f  a t  gas p r i c e s  of $1.75 

and $3 .OO p e r  Mcf. 

2. Advanced Case 

Improvements i n  t h e  technology ( t h e  Advanced Case) 

f u r t h e r  i nc rease  u l t i m a t e  recovery :  

-- A t  $1.75 p e r  Mcf, u l t i m a t e  recovery  under t h e  

Advanced Case i s  about 150 Tc f .  

-- A t  $3.00, t h e  t o t a l  u l t i m a t e  recovery  reaches 

180 T c f ,  and becomes r e l a t i v e l y  i n s e n s i t i v e  t o  

p r i c e  a f t e r  t h i s  p o i n t .  



Exhibit 9 

Base and Advanced Case Ultimate Recovery at Three Prices 

S 1 .75/!4CF S3.0O/rukF $4.50/f&F 

Exhibit 10 

Annual Production from the Tight Basins to the 
Year 2000 (at $1.75 and $3.00 per Mcf) 

- 

// 
$1.75 ADVANCED 



0 In addit ion t o  increasing ul t imate  recovery, technolo- 

g ical  advances a1 so increase the  annual r a t e  of produc- 

t ion :  

-- A t  $1.75 per Mcf, the  1990 Advanced Case produc- 

t ion  r a t e  i s  6.3 Tcf, compared t o  2.2 Tcf under 

. the  Base Case. 

-- A t  $3.00 per Mcf, the  Advanced Case production r a t e  

i n  1990 i s  7.7 Tcf, compared with 3.2 Tcf in  the  

Base Case; higher pr ices  beyond $3.00 per Mcf add 

1 i t t l e  t o  the 1990 production r a t e .  

B;  The Potential  of the  Devonian Shales -- Appalachian Basin' 

The Devonian shale  resource t a r g e t  examined by the  study cons i s t s  

of undril led probable and possib.le areas in the Appalachian Basin. S t a r t i ng  

w i t h  21 0,000 square miles as the  basin a rea ,  100,000 square miles were judged 

t o  be barren .of producible shale ;  48,000 square miles were judged as specula- 

t i v e ;  6,000 square miles have already been d r i l l e d  o r  found non-productive -- 
leaving 56,000 square miles of shale  deposit  a s  the  study a r ea ,  shown a s  the  

t 

central  unshaded area i n  Exhibit 11. Within t h i s  a rea ,  the  resource t a rge t  

i s  the  f r e e  gas i n  place in  the  natural f r a c tu r e s  and t h a t  can be placed in 

contact  with the  we1 1 bore (using cu r r en t  as we1 1 as improved d r i l l  ing and - 

completion p rac t i ces ) .  

As i n  the  t i g h t  gas basins,  the  amount of production and i t s  r a t e  

a r e  highly s ens i t i ve  t o  gas pr ice  and technology. As shown in  Exhibits 12 

and 13, addit ions t o  ul t imate recovery range from l e s s  than 2 Tcf a t  $1.75 
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Geological Distribution of the Devonian Shales 
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Exhibit 12 

Devonian Shale Ultimate Recovery (at Three Gas Prices) 

/ 

Exhibit 13 

Annual Production from the Devonian Shale to the 
Year 2000 (at $1.75 and $3.00 per Mcf) 



under t h e  Base Case, t o  p o s s i b l y  over 25 Tcf a t  $4.50 per  Mcf under t he  

Advanced Case. 

1. , Base Case 

a. Near l y  2 t r i l l i o n  cub i c  f e e t  o f  a d d i t i o n a l  recovery 

w i l l  be economic a t  $1.75 per  Mcf. 

I nc reas ing  t h e  p r i c e  o f  gas t o  $3.00 per Mcf would 

r a i s e  t h e  recovery es t imate  t o  about 8 Tc f ;  a t . $4 .50  

pe r  Mcf, es t imated  u l t i m a t e  recovery  would be 10.5 

tri l l i o n  cub i c  f e e t .  

A t  $1.75 p e r  Mcf, t h e  Base Case produc t ion  r a t e s  

would peak a t  0.1 T c f  i n  1990 and d e c l i n e  a f t e r  t h a t .  

A t  a  h ighe r  p r i c e  o f  $3.00 t o  $4.50 per  Mcf, t h e  1990 

r a t e  would be about 0.3 Tc f .  A t  $3.00 per  Mcf, a  peak - 

of 0.3 T c f  i s  reached i n  1990, f o l l owed  by a  gradual 

dec l i ne ;  a t  $4.50 pe r  Mcf, p roduc t ion  remains l e v e l  

tht-augh t h e  year 2000. 

2. Advanced Case 

Under t h e  Advanced Case assumptions, u l t i m a t e  recovery  

a t  $1.75 increases t o  over  4  Tc f ,  f rom 2 T c f  i n  t h e  

Base Case. 

r A 1  $3.00 per  Mcf, u l t i m a t e  recovery r i w s  t o  16 Tcf 

(versus about 8 T c f  i n  t h e  Base Case). 



A t  $4.50 per  Mcf, u l t i m a t e  recovery would range f rom 

18 t o  25 .Tc f  ( t h e  range r e f l e c t s  geo log i ca l  unce r ta in -  

t i e s  i n  t he  poss ib le  areas where l i t t l e  i s  known about ' 

t h e  i n t e n s i t y  o f  t he  n a t u r a l  f r a c t u r e  system). 

Annual p roduc t ion  under t h e  Advanced Case and a t  $1.75 

per  Mcf peaks a t  0.3 Tcf i n  1990, and decl =i nes there-  

a f t e r .  

e A t  $3.00 per  Mcf and t h e  Advanced Case, 1990 annual 

p roduc t ion  i s  est imated a t  more than 0.6 Tc f ,  ho ld ing  

cons tan t  through 1995, and d e c l i n i n g  t h e r e a f t e r ;  a t  

$4.50 per  Mcf, t h e  p roduc t ion  r a t e  cont inues  t o  inc rease 

through t h e  yea r  2000. 

C. The P o t e n t i a l  o f  Methane f rom Coal Seams 

1. Methane Recovery Associated With Coal Min ing  

The i n i t i a l  t a r g e t  f o r  recove r i ng  methane f rom coal  seams i s  t h e  

80 Bcf o f  methane em i t t ed  annua l ly  f rom work ing coa l  mines. No methane 

i s  c u r r e n t l y  recovered f o r  commercial 'use -- a l l  i s  vented, so t h e r e  i s  no 

Base Case f o r  t h i s  t a rge t . *  

I n  general ,  t h e  Appalachian Basin coa l  seams ace too  t h i n  and too  

lean  i n  methane conten t  t o  economical ly suppor t  methane.recovery on t h e i r  

own. Any est imates o f  recovery need t o  p a r a l l e l  c l o s e l y  t h e  pace of m in ing  

* I .e . ,  i t  i s  assumed t h a t  a l l  o f  t h e  p roduc t i on  b e n e f i t s  
would be due t o  a j o i n t  p u b l i c - p r i v a t e  research and 
development program. 



and t h e  opening of new mines, thus p r o v i d i n g  o n l y  l i m i t e d  leeway i n  making 

p roduc t i on  r a t e  and recovery est imates. 

Assuming a  v igorous i n s t a l l a t i o n  o f  methane emissions recovery 

f a c i l i t i e s  i n  t he  "gassy" coal mines, t h e  fo l l ow ing  product ion  b e n e f i t s  

cou ld  accrue, a t  t h r e e  p r i c e s  f o r  n a t u r a l  gas: 

P r i c e  Per McT 
$1.75 $3.00 $4.50 

U l t i m a t e  (30 year) Recovery, 
i n  T c f  1.1 1.6 1.6 ' 

Year ly  Product ion Rates, i n  
Tcf/Year 

Cumulative Recovery by t h e  
Year 1990, i n  Tcf 0.2 0.2 0.2 

2. Methane Recovery From Unmi nab1 e  Coal beds 
-. -. - . - .- 

The major  t a r g e t  f o r  recover ing  methane from unminable coal  seams 

would be the  t h i c k ,  bi tuminous coal  seams o f  Colorado and t h e  o the r  Western 

s ta tes .  

An economic ana lys i s  o f  methane recovery f rom deep, unminable coal 

seams us ing  dev ia ted  w e l l s  prov ides the  f o l l o w i n g  est imates o f  recoverable 

methane as a  f u n c t i o n  o f  na tu ra l  gas p r i c e :  



Recovera b l  e  
P r  i ce/Mcf Methane, ( T c f )  

Due t o  t h e  s p e c u l a t i v e  na tu re  o f  t h e  resource  base and t h e  uncer-  

t a i n  c a p a c i t y  o f  e x i s t i n g  technology t o  e x p l o i t  i t  economica l ly ,  o n l y  a  range 

o f  es t imated  recovery  can be made a t  t h i s  t ime.  No es t imates  have been made 

o f  p roduc t i on  r a t e s .  A l l  o f  t h e  recovery  i s  assumed t o  accrue f rom a  j o i n t  

p u b l i c - p r i v a t e  research  and development program, as t h e r e  i s  l i t t l e  evidence 

o f  Base Case a c t i v i t y .  

D. The P o t e n t i a l  o f  Methane f rom Geopressurea A q u i f e r s  

Large wate r -bear ing  r e s e r v o i r s  c h a r a c t e r i z e d  by s i g n i f i c a n t l y  

h i ghe r  temperatures and pressures than  t h e i r  dep th  a l one  would suggest l i e  

. deep  beneath t h e  G u l f  o f  Mexico and t h e  coas ta l  r eg ions  o f  Texas and Lou is iana .  

These a r e  r e f e r r e d  t o  as geopressured a q u i f e r s .  Under these c o n d i t i o n s ,  con- 

s i d e r a b l e  methane may be d i s s o l v e d  i n  t h e  t rapped water ,  p a r t i c u l a r l y  i f  

t h e  wate r  i s  low i n  s a l i n i t y .  

A l though es t imates  o f  t h e  gas i n  p l a c e  i n  s u c h , r e s e r v o i r s  have 

been l a r g e ,  t h e  e s s e n t i a l  ques t i on  i s  n o t  t h e  t o t a l  s i z e  o f  t h e  resource  

b u t  t h e  p o r t i o n  t h a t  may be t e c h n i c a l l y  and econorni 'cal ly recoverab le .  



Economic a n a l y s i s  o f  the  a v a i l a b l e  data on t h e  geopressured 

resource base* prov ides  t h e  f o l l o w i n g  est imates o f  economic p o t e n t i a l  

f r om geopressured a q u i f e r s  as a  f u n c t i o n  o f  gas p r i c e ,  shown below ( i n  

T c f )  : 

Texas ~ o u i  s  i ana** 

Technical l y  Recoverabl e 
Caq i n  P lace  2 4 0  

Economical l y  Recoverabl e  
Gas'at: 

Due t o  t h e . v e r y  p r e l i m i n a r y  s t a t e  o f  development o f  t h i s  resource, 

no product ion  r a t e s  have been pro jec ted .  It i s  u n l i k e l y t h a t  these resources 

w i l l  be developed w i t h o u t  cont inued, a c t i v e  c o l l a b o r a t i v e  Federa l - indus t ry  

research and development. 

* Beyond the  q u a n t i t i e s  est imated from us ing  a v a i l a b l e  
resource data, s t i l l  deeper hor izons may e x i s t  i n  Texas 
and c e n t r a l  Louis iana.  Fur ther ,  the  research work on 
geopressured methane has i n t ima ted  a  second resource 
t a r g e t  t h a t  may be associated w i t h  geopressured a q u i f e r s  -- 
f ree 'methane i n  excess o f  t h a t  i n  the  sa tura ted  r e s e r v o i r  
b r i nes .  Should e i t h e r  o f  these cond i t i ons  be proved by 
f u r t h e r  research, t h e  economic p o t e n t i a l  o f  geopressured 
a q u i f e r s  may s u b s t a n t i a l  l y  increase. 

** The resource data f o r  Louis iana i s  considered specu la t ive ,  
s ince  l i t t l e  conc lus ive  data are  a v a i l a b l e  on a rea l  s i z e  
o r  pe rmeab i l i t y  o f  t h e  south Louis iana geopressured a q u i f e r s .  
O p t i m i s t i c  as.sumptions have been used f o r  t h e  unknown.para- 
meters i n  es t ima t ing  t h e  above recover ies .  



V I  . TRADE-OFF ANALYSIS 
. . 

One o f  t h e  more c r i t i c a l  cho ices faced  by energy p o l i c y  makers 

i nvo l ves  t h e  t r a d e - o f f  between us ing  market  f o r ces  ( p r i c e s  and taxes)  and 

improved technology f o r  augmenting domest ic suppl i e s  o f  n a t u r a l  gas. 

For t h e  unconvent ional  gas sources, hi 'gher p r i c e  ( o r  o t h e r  improve- 

ments i n  economic i n c e n t i v e s )  can s u b s t i t u t e  f o r  improved technology, b u t  

o n l y  up t o  a 1 i m i t .  Us ing economic i n c e n t i v e s  a lone,  however, appears t o  

p rov ide  l e s s  than  the  optimum p u b l i c  p o l i c y  choice.  An advanced technology 

s t r a tegy ,  a t  e i t h e r  $1.75 pe r  Mcf o r  $3.00 pe r  Mcf', i s  a p r e f e r r e d  choice.  

1. The Advanced Case p rov ides  s u b s t a n t i a l l y  more gas 
and thus i s  p r e f e r a b l e  t o  t h e  Base Case a t  a l l  
exam1 ned gas p r i c e s .  

BASE ADVANCED 
U l t i m a t e  1990 P roduc t i on  U l t i m a t e  1990 .F roduc t i on  

P r i  ce/Mcf Rate . . .: Retover Rate 
(Tc f IYea r )  . (Tc f IYea r )  

2 .  An Advanced Technology s t r a t e g y  i n  combinat ion w i t h  
a gas p r i c e  o f  up ,to $3.OU pe r  Mcf o f f e r s  a l a r g e  
amount o f  qas a t  a r e l a t i v e l y  low c o s t  t o  t h e  p u b l i c .  

Under t h e  Base Case, 3 .5  T c f  p e r  yea r  would be 

produced i n  1990; u l t i m a t e  recovery  would be 

11 0 Tc f ,  w i t h  22 T c f  be ing  produced by 1990. 



Under t h e  Advanced Case, t h e  p roduc t i on  r a t e  from 

unconvent ional  sources cou ld  reach 8  T c f  per  yea r  

i n  1990. U l t i m a t e  recovery would be 200 t o  220 Tc f ,  

w i t h  n e a r l y  50 Tc f  be ing produced by 1990. The 

energy c o s t  t o  t he  publ i c  woul d  be $600 t o  $660 

b i l l i o n  u l t i m a t e l y .  

Ob ta in ing  comparable q u a n t i t i e s  o f  gas from o t h e r  

sources would i n ~ ~ o s e  d higher energy c o s t  on t h e  

pub l  i c  and p lace  a d d i t i o n a l  pressure on t h e  balance 

o f  payments. Even assuming comparable q u a n t i t i e s  

c o u l d  be ob ta ined at '  $4.00' t o  $5.00 per  Mcfy* t h e  

energy c o s t  t o  t he  pu b l  i c woul d be $800 t o  $1 ,100 

b i l l  i o n  u l t i m a t e l y ,  w i t h  s i g n i f i c a n t  p o r t i o n s  being 

p a i d  t o  o t h e r  governments, a t  l e a s t  i n  t h e  i n i t i a l  

years .  

These f i n d i n g s  a r e  shown on t h e  t a b l e  below. 

Add i t i ons  t o  Energy Cnst. 
Domestic Gas Supply . t b  t h e  P u b l i c  
b m  TI-Timate- 

B i l l  ions) 

Advanced Case Enhanced 
Gas Recovery ( a t  $3.00 
per  Mcf) 5 U  200-220 $1 50.4 $600-660 

0 Subs t i  t u t e  Energy Case 
(@ $4.00 t o  $5.00 per  
Mcf)  50 200-220 $2UU-250 $800-9 9 00 

* Assuming imported gas a t  $2.50 t o  $3.00 per  Mcf, Alaskan gas 
a t  $3.00 t o  $5.50 p e r  Mcf ( i n c l u d i n g  t r a n s p o r t a t i o n ) ,  LNG 
impor t s  a t  $4.50 per  Mcf, coal- g a s i f i c a t i o n  at. 84.5n t o  
$5.50 per  Mcf. The a n a l y s i s  o f  supp l ies  f rom convent ional  
gas resources due t o  h ighe r  p r i c e s  were beyond t h e  scope 
o f  t h i s  s tudy.  



3. An Advanced Technology s t r a t e g y  i s  more c o s t - e f f e c t i v e  
than us ing  economic subs id ies  i n  excess o f  r e a l  market 
p r i c e s .  

The a n a l y s i s  i n  t he  preceding s e c t i o n  was bounded by market l e v e l  

p r i c e s  f o r  n a t u r a l  gas o f  up t o  $3.00 per  Mcf. However, as i n  the  case o f  

impor ted LNG, t he  government cou ld  consider  a  p r i c e  o f  $4.50, and thus a  

subsidy o f  up t o  $1.50 pe r  Mcf,* t o  s t i m u l a t e  p roduc t i on  from unconvent ional 

gas sources. 

The a n a l y s i s  under the'Base Case shows o n l y  very  

1  i m i  t ed  p r i c e  e l a s t i c i t y  between $3.00 t o  $4.50 

pe r  Mcf -- t o t a l  supply  increases by o n l y  10 Tc f ,  

f rom 1.10 t o  120 T c f  -- and a t  a  h i g h  c o s t  t o  t h e  

pub1 i c .  

The a n a l y s i s  o f  t h e  Base Case i s  based on emp i r i -  

c a l  evidence and p r o j e c t i o n s  t h a t  have been b u i l t  

on e v o l u t i o n a r y  changes i n .  gas. p r i c e s  up t o  about 

$3.00 per  Mcf. A t  .h igher  gas p r i c e s  ( p a r t i c u l a r l y  

should these h igher  p r i c e s  be guaranteed o r  subs i -  

d i zed ) ,  i t  i s  l i k e l y  t h a t  i n d u s t r y  w i l l  i nc rease 

i t s  near-term investment i n  R&D and thus  acce le ra te  

t h e  produc t ion  o f  t h e  unconvent ional sources. 

Under t h i s  case, one can d e f e r  p u b l i c  investment 

i n  R&D. However, i n  r e t u r n ,  t h i s  w i l l  impose a  

l a r g e  cos t ,  $180 t o  $360 b i l l i o n ,  t o  t h e  p u b l i c .  

- - 

* Again, t h e  p r i c e  o f  gas ( o r  i t s  economic equ i va len t )  . i s  
expressed I n  1977 d o l l a r s  and he ld  cons tan t  f o r  t h e  p e r i o d  
o f  ana lys is ;  a  $4.50 p r i c e  i n  1977, h e l d  cons tan t  w i t h  res -  
pec t  t o  6% i n f l a t i o n ,  would be $7.20 i n  1985 d o l l a r s  and t h e  
,$ I .  50 subsidy would be $2.40. 



A t  these p r i c e s ,  gas recovery cou ld  range from 

120 t o  240 Tc f ,  depending on how i n d u s t r y ' s  R&D 

" i n i t i a t i v e s  respond t o  the  p r i c e  i ncen t i ves .  
I 

S t i m u l a t i n g  a $0.4 b i l l i o n  . . investment i n  R&D . to  

o b t a i n  200 t o  220 T c f  (assuming a market p r i c e  o f  

$3.00 pe r  Mcf) i s  more c o s t - e f f e c t i v e  and c e r t a i n  

than spending $180 t o  $360 h i l l i n n  i n  p ~ r h l i r :  z1rh5i- 

d i e s  t o  o b t a i n  120 t o  240' Tc f  (assuming a subsidy 

o f  $1 -50  per  Mcf over t h e  same market p r i c e  o f  

$3.00 per  Mcf) . 

These f i n d i n g s  a r e  shown on t h e  t a b l e  below. 

U l t ima te  Add i t i ona l  Cost 
Pol i c y  A1 t e r n a t i v e s  t o  the  Pub1 i c  

( B i l l i o n s )  

R&D w i t h  a $3.00/Mcf Market P r i c e  200-220 $0.4* 

Publ i c  Economic Subsidy o f  $1.501 
Mcf Over a $3.00/Mcf Market P r i c e  120-240 $1 80-$360 I 

4. I n  summary, t h e  f i n d i n g s  o f  t h e  s tudy  o f  enhanced gas 
recovery  f rom unconventional sources show: 

Market f o rces  and pub1 i c  investment i n  R&D a r e  a d i r e c t  

t r a d e - o f f  f o r  near-conventiona2 gas resources. E i t h e r  

h ighe r  p r i c e  o r  improved recovery technology w i t h  a 

l owc r  p r i c c  would causc thcsc resources t o  bc produced. 

* Assuming a $370 m i l  1 i o n  investment i n  R&D 
t o  advance t h e  technology. 



Publicly o r  pr ivate ly  di rected R&D i s  the  essen t ia l  

mechanism f o r  st imulating addit ional  gas from uncon- 

ventional 'sources. Higher pr ices  could s t imulate  

pr ivate  R&D i n  the  unconventional areas and t h u s  

ul t imately unlock these  sources; however, a focused 

and coordinated 5 year  R&D program would most e f f i -  

c i en t l y  accel e r a t e  production during the  time of 

g rea tes t  potential  gas shortage. 

Overall,  a combination of economic incentives* and 

R&D appears t o  provide the optimum public policy 

option f o r  st imulating production from unconventional 

sources of gas : 

-- Using a "pr ice  alone" s t ra tegy  would provide 

from 2 t o  4 Tcf per year by 1990. 

-- Using an "R&D st ra tegy"  i n  combination with 

p r ice  incentives could provide as  much as 8 

Tcf per year by 1990. 

* The study of enhanced gas recovery examined only th ree  
pr ices  -- $1.75, $3.00, and $4.50 per Mcf -- and an 
optimum research program f o r  a.given pr ice .  I t  did 
not seek t o  es tab l i sh  the  optimum pr ice  o r  optimum 
combination of public R&D and pr ice .  
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THE PROPOSED RESEARCH STRATEGY IN  ENHANCED GAS RECOVERY 

A. Proposed R&D Plan 

The o v e r a l l  o b j e c t i v e s  of t he  research. p lan  a r e  t o  d e f i n e  the  

unconventional gas resources, t o  advance the  s t a t e  o f  t he  technology so 

as t o  economical l y  e x p l ~ i  t t h e w  resource&, and t o  op t im ize  drld acce lera te  

t h e  'ell~ery i ng recovery techno1 ogy. 

*I hc proposed r i ve year  program cons' ists o f  16 major programs 

across t h e  four  unconventional gas resokrce bases, as shown below: 

Unconventional 
Resource Base T i t l e  o f  t he  R&D Program 

1. T i g h t  Gas Basins e Resource Eva lua t ion  and 
Charac te r i za t i on  
Develop Advanced Recovery 
Technology . 
Optimize Recovery Technology 
S t imu la te  Accelerated A p p l i c a t i o n  

2. Devonian Shale Develop Dcep, l l i gh  Cos t  ~Furrnatlons 
Test  P o t e n t i a l  o f  Dual Complet ior~s 
Improve Recovery E f f i c i e n c y  

3. Methane f rom Coal Recover Methane i n -  Assoc ia t ion  
w i t h  Min ing  
Recover Methane f rom Unmi,nable 
Coal Seams 

4. Geopressured Aqu i fe rs  Ascer ta in  Reservoi r  Size, 
Methane Content, and Product ion 
Techno1 oyy 

No. o f  
Programs 



B. R&D Costs 

Unlocking the  potential  of these  diverse  unconventional sources 

of natural  gas wil l  r equ i re  a .concerted program of research,  development, 

and demonstration. In addit ion t o  on-going industry ou t lays ,  nearly $370 
mi 11 ion addit ional  i s  required over the  next f i v e  years .   hi 1 e numerous 

mechanisms a r e  ava i l ab le  f o r  accomplishing t h i s  t a sk ,  one mechanism i s  

j o i n t  Federal - i  ndustry cost-shared research programs i n  enhanced gas 

recovery. 

.The yearly. cos t s  f o r  the  5-year DOE/Industry 

j o i n t  research program a r e  as  follows ( i n  
m i  11 ions of c ~ n s  t a n t  1977 do1 1 a r s )  : 

Total Costs DOE Share 

Total 5-Year Costs 
(FY 79-FY 83) 

Yearly cos t s :  
FY 79 

FY 80 



An ana lys i s  o f  t h e  5-year R&D program shows t h a t  

p u b l i c  R&D ( t h e  DOE share) funds t h e  resource 

charac ter iza t ion . ,  improved measurement, and tech- 

nology t r a n s f e r  program elements; DOE and . indus t ry  

j o i n t l y  fund t h e  f ie ld -based R&D. . :  

~ c t h a n e  from 
Program T i g h t  Gas. Devonian Methane Geopressured 
Elements Reservoi r s  Shale f rom Coal A u i f e r s  TOTAL 

(TotalIDOE) (TotalIDOE) (TotalIDOE) (TotalIDOE) 

Resource 
C h a r a c t e r i z a t i o n  $ 37.9137.4 $6.5 $5.5 $2.7 $ 52.6/52.1 

Improved 
Measurement 

F ie1  d Tests 188.1198.0 27.1119.1 36.5131 - 5  30.0 281.71178.6 

Technology Transfer 8.0 2.0 1.6 0.5 12.1 

TOTAL $249.21158.6 $38.1130.1 $45.6/40.6 $36.2 $369-11265.5 

C. ~ r o d u c t i ' o n  B e n e f i t s  

Successful  execut ion  o f  t he  proposed R&D program cou ld  lead t o  the  

r e q u i r e d  advances i n  technology and i n  t u r n  t o  a d d i t i o n a l  gas recovery and 

a c c e l e r a t i o n  o f  i t s  product ion.  



Two measures were used t o  quantify these  benef i ts :  

A long-term measure of additions* t o  u l t imate  

recovery ( a t  $3.00 per Mcf) over t h a t  due t o  

Base Case technology. 

e' A near-term measure' of  addit ional  gas t h a t  can 

be produced between now and 1990 ( a t  $3.00 per 

~ c f )  due t o  advanced technology. , 

The estimated addit ional  recovery, over the  Ba'se Case, i s  shown 

be1 ow: 

. . 
Long-Term Measure 
.Ul t imate Addition 

t o  Recovery 
. . . (Tcf .@ $3.00/Mcf) " '  

Tight Gas Sands 8 1 

Devonian Sha1.e 8 

 ethane from -Coal ,Seams 2-22 

  ethane from Geopressured 
Aquifers 1 

TOTAL 

Near-Term Measure 
Cumulative Addition 

t o  Recovery : 
'1 978- 1 990 . .  

(Tcf ' @ $3.00/Mcf) 

* These a r e  addit ional  quan t i t i e s ,  over the  Base Case, 
t h a t  would accrue due t o  successful R&D leading t o  
the  Advanced Case. 

** 1990 cumulative recovery est imates a r e  ava i l ab le  
only f o r  a portidn of the Methane from Coal Seams 
t a rge t .  . . - .  

***.I990 cumu1,ative recovery est imates a r e  not ava i l -  - 
able  f o r  t he  Methane from Geopressured Aquifers 
t a rge t .  



D. Cost -Ef fec t iveness  o f  t h e  Research Program 

An e s s e n t i a l  ques t ion  f a c i n g  o f f i c i a l s  respons ib le  f o r  a1 l o c a t i n g  

p u b l i c  funds i s :  "How c o s t - e f f e c t i v e  i s  t h e  expendi ture?" .  Using t h e  two 

p roduc t i on  b e n e f i t  measures discussed above, t h e  ana lys i s  i n d i c a t e s  t h a t  

t h e  payo f f  f rom R&D i n  enhanced gas recovery i s  considerable and cos t -  

e f f e c t i v e :  

The long- term cos t -e f fec t i veness  measure ,fur% d l  1  

s i x t e e n  programs combined i s  250 t o  300 Mcf per  

do1 l a r  o f  R&D. 

The near-term o v e r a l l  cos t -e f fec t iveness  measure 
. . 

i s  70 Mcf per  d o l l a r  o f  R&D. 

~ n d i v i d u a l  l y ,  each o f  t h e  t a r g e t  areas a1 so have favorab le  cos t -  

e f f e c t i v e n e s s  r a t i o s :  

Unconventional U l t i m a t e  Near-Term 
Gas Target  

T i g h t  Gas Sands 

Devonian Shale 

Methane f rom Coal Seams 

Methane f rom Geopressured 
Aqu i fe rs  

Measure Measure rn mmT"- 

Assuming t h a t  t h e  n a t i o n  requ i res  a d d i t i o n a l  n a t u r a l  gas frnm 

domestic sources, as t h e  ana lys i s  above argues, and t h a t  a p r i c e  o f  $4.00 

t o  $5.00 per Mcf i s  requ i red  f o r  o the r  s u b s t i t u t e  sources, such as imported 

gas, LNG, coa l  g a s i f i c a t i o n ,  o r  e l e c t r i c i t y ,  t h e  t r a d e - o f f  t o  t h e  p u b l i c  i s :  



250 t o  300 Mcf per  d o l l a r *  f o r  R&D i n  enhanced gas 

recovery (EGR) . 

Less than 1 Mcf per  d o l l a r * *  o f  p u b l i c  o u t l a y s  f o r  

s u b s t i t u t e  sources o f  n a t u r a l  gas o r  energy. 

The ana l ys i s  shows t h a t  funds i nves ted  i n  EGR a r e  cons iderab ly  

more c o s t - e f f e c t i v e  than seeking t h e  same q u a n t i t i e s  through s u b s t i t u t e  

sources o f  gas o r  o t h e r  energy. 
, 

The Need. f o r  Add i t i ona l  Options 

For an equ i va len t  amount o f  energy between now and 1990, t he  

unconvent ional gas sources under advanced technology and a t  $3.00 per  Mcf 

p rov ide  as low o r  lower c o s t  t o  t h e  p u b l i c  than any s u b s t i t u t e  energy 
-- . . 

source; However, even w i t h  these a d d i t i o n s  t o  supply,  t h e  p r o j e c t i o n s  

above show t h a t  gas supply remains below 1977 usage l e v e l s .  Thus, addi -  

t i o n a l  gas supply  programs, such as LNG, coal  g a s i f i c a t i o n ,  e l e c t r i c i t y ,  

and gas imports ,  though c o s t l y ,  a re  r e q u i r e d  t o  f i l l  t h e  gap and p rov ide .  

t h e  n a t i o n  w i t h  adequate energy supp l ies .  

* Assuming 100 T c f  can be ob ta ined a t  $3.00 per  Mcf and 
$370 m i l  1 i o n  o f  R&D i n  enhanced gas recovery.  

** Assuming 100 T c f  can be obta ined a t  $4.50 per  Mcf and 
no R&D; t h i s  i s  equ i va len t  t o  a $3.00 per  Mcf market 
p r i c e  p l u s  $1.50 per  Mcf pub1 i c  subsidy. 
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METHODOLOGY 

A. Purpose f o r  t he  Study 

This s tudy o f .  enhanced recovery o f  unconventional gas was undertaken 

f o r  two reasons: 

1. To p rov idc  quant i  t a t i v c  in forr r la t ion on the  p ~ t e l l l ' i ' d l  dlld 

economic f e a s i b i l i t y  o f  producing four  sources o f  unconven- 

t i o n a l  n a t u r a l  gas -- T i g h t  Gas Sands, Devonian Shales, 

Methane from Coal Seams, and Geopressured Aqu i fe rs .  

2. To prov ide  a n a l y s i s  and i n s i g h t s  as t o  the  techn ica l  b a r r i e r s  

posed by these resources, i n c l u d i n g  techno log ica l  i n te rven -  

t i o n s  t h a t  cou ld  "unlock"  t h e i r  p o t e n t i a l .  

This  i n f o r m a t i o n  has been gathered t o  a s s i s t  DOE managers s e l e c t  and 

design a  c o s t - e f f e c t i v e  program o f  enhanced gas recovery. 

B. A n a l y t i c  Methodology 

The ana lys i s  seeks t o  simu'late, ,at a  p lann ing  model l e v e l ,  how gas 

producers eva lua te  prospect ive  o p p o r t u n i t i e s  ( E x h i b i t  14) .  I t  begins w i t h  

geo log ic  data and w e l l  records,  prov ides est imates o f  gas product ion,  evaluates 

economic f e a s i b i l i t y ,  and, where f e a s i b l e ,  develops the  prospect  accord ing t o  

an Order ly  d r i l l  i n g  schedule - -  i n  b r i e f ,  i t  f o l l o w s  an engineering-economics- 

geo log i c  approach. The p r i n c i p a l  fea tures  o f  t h i s  approach a r e  descr ibed 

b r i e f l y  below and i n  g rea te r  d e t a i l  i n  Volume 111. 
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E X H I B I T  14 

Simplified Flow Diagram of 
the EGW Analysis 
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1. C o l l e c t i o n  o f  Geologic and Well Data. More than f i f t y  geo log is ts  

and engineers f rom i n d u s t r y ,  consu l t i ng  firms;and government agencies ass i s ted  

i n  c o l l e c t i n g  data on t h e  unconve.ntiona1 gas resources. Th is  data inc luded 

geo log i c  s tud ies ,  complet ion and recovery performance of i n d i v i d u a l  we l l s ,  

s t i m u l a t i o n  t e s t  resu l  t s  , and e x p l o r a t i o n  success data. 

2. S e l e c t i n g  and De f in inq  the.'Resource. Based on the  geolngic  and 

Well  data, t h e  t o t a l  area of each r e l e v a n t  basi,n was d i v i d e d  i n t o  f o u r  scg- 
men t s  : 

e ' Proved -- a l ready  proved by d r i  11 i n g  and under 

devel opmen t. 

. . 
e Probable -- areas adjacent  t o  proved areas where 

ex tens ion  development i s  1  i kely .  

Poss ib le  -.- ,ou t ly ing  areas i n  which the re  has been 

s u f f i c i e n t  h i s t o r i c a l  d r i l l i n g  t o  e s t a b l i s h  gas 

"shows", a l though perhaps n o t  economic we l l s .  

e Specu la t ive  -- areas i n  the basins whish are  u n d r i l l e d ,  

' i n  which d r i l l i n g  has y e t  t o  revea l  gas deposi ts ,  o r  
. . 

" .where q u a l i t y  data was l ack ing .  

Only "probable" and "poss ib le"  areas were inc luded i n  the  ana lys is .  

Proved areas were excluded because t h e i r  p roduct ion  i s  p a r t  o f  t h e  c u r r e n t l y  

proved reserves. Specu la t ive  arcas 1  acked s u f f i c i e n t  data t o  support an 

engineering-economi cs eva lua t ion .  



The r e s e r v o i r  p rope r t i es  o f  t h e  t a r g e t  geo log ic  format ions i n  

these areas were analyzed i n  . d e t a i l .  The areas were d i v i d e d  sub- 

basins and subdiv ided i n t o  v e r t i c a l l y  stacked geologic  format ions i n  each 

area l  u n i t ,  as fo l l ows :  

Resource A n a l y t i c  Un i t s  

T i g h t  Gas Basins 622 r e s e r v o i r s  

Devonian Shale 34 a rea l  u n i t s  

Methane f rom Coal Seams 
-- w i t h  min ing  Appalachian Region 
-- unminable A1 1  unmi nab1 e  coal beds 

Methane from Geopressured 
Aqu i fe rs  23 fa i rways  and hor izons 

3. Technology S p e c i f i c a t i o n .  Two l e v e l s  o f  technology were spec i f ied  -- 
Base Case and Advanced Case. The Base Case d e f i n i t i o n  was der ived from t h e  

ac tua l  f i e l d  experience o f  i n d u s t r y  and t h e  R&D e f f o r t s  planned by indust.ry 

f o r  t he  nex t  f i v e .  years. Th is  l e v e l  o f  technology was spec i f i ed ,  f o r  each 

o f  the  f o u r  resources, i n  l e v e l s  o f  performance (e.g., f r a c t u r e .  1  ength, 

f r a c t u r e  conduc t i v i t y ,  e t c .  ) . 

The Advanced Case was def ined as t h e  l e v e l  o f  performance t h a t  

could 'be achieved from a  successful  R&D program. 

4. Product ion Si.mulati.on. The deta i . led r e s e r v o i r  and geo log ic  data 

were combined w i t h  t h e  e x p l i c i t  techno1 ogy s p e c i f i c a t i o n s  t o  develop e s t i  - 
mates o f  gas product ion.  

e For the  T i g h t  Sands, a  s t a t e - o f - t h e - a r t  r e s e r v o i r  s imu la tor ,  

developed a t  Texas A&M Un ive rs i t y ,  was used t o  model t he  gas 

product ion  from each r e s e r v o i r  u n i t  as a  f u n c t i o n  o f  reser -  

v o i  r p r o p e r t i  es and technology. 



Production estimates f o r  the  Devonian Shale were based 
on a rea-spec i f ic ,  h i s t o r i c  production data ,  adjusted t o  
r e f l e c t  advances in technology. The A&M reservoir  simu- 
l a t o r  was used t o  provide supportive and val idat ing analyses. 

Production from unminable coalbeds was based on the  r a t e  of 
mining and methane capture. From unminable coalbeds, reco- 
very estimdles were made by combining an ana ly t ic  diffusion 
model w i t h  average reservoir  charac te r i s t i  cs and rnethanc 
content  of t he  coal. 

Estimates of production from geopressured aquifers were 
based on rese rvo i r  flow models using estimated methane 
content and reservoir  propert ies;  

5. Project  Economics Model. Production data were combined with f i e l d  
cos t  data t o  assess  t h e  economic f e a s i b i l i t y  of each ana ly t i c  uni t .  For the  
Tight Sands and Devonian Shale,  the  method was a discounted net  present value 

(NPV) cash flow model using f i e l d  development and st imulation costs  (updated 
t o  1977). A payback model was used f o r  methane from coalbeds and geopressured 
aqu i fe r s .  The cos t s  varied by f i e l d  according t o  locat ion,  depth, and technology. 
Economic v i a b i l i t y  was examined a t  gas prices of $1.75, $3.00, and $4.50 per 
Mcf, i n  1977 dol lars .  

6. .Extrapol a t ion and Timing Model. Economic projects  were developed 
i n  a phased progression across the  probable and possible portions of each 
sub-basin. This defined the  number of wells  t o  be d r i l l e d  and the  time- 
phased r a t e  of expansion across  each basin. Probable areas were assumed 



to  be d r i l l e d  p r io r  to  poss ible .areas .  Production from the  Base and Advanced 

Cases, respectively,  was aggregated t o  provide the  overall recovery estimates 

and t o  define the incremental benefi ts  f o r  each R&D s t ra tegy.  

In summary, the  Analysis Phase was designed t o  approximate corporate. 

processes f o r  evaluating t he  potential  of t he  unconventional resources --  
t h e i r  geologic and reservoir  parameters, productive potent ia l ,  economic 
viabi 1 i t y ,  and development -- i n  1 igh t  of a1 t e rna t ive  technology 1 eve1 s 
and gas prices. 

C. ' use of Analysis 

The ana ly t ic  phase of the  study provided information f o r  two subse- 

quent DOE s t eps  in es tabl ishing the  R&D program i n  enhanced gas recovery: 

a Designing r e a l i s t i c ,  achieveable R&D s t r a t eg i e s  and plans f o r  
each resource. 

Selecting a mix of cost -effect ive  R&D s t r a t eg i e s  and plans 

across the  unconventional gas resources. 



Improving technology and resource c h a r a c t e r i z a t i o n  

Proving t h e  economics 

Acce lera t ing  f i e l d  appl i c a t i o n  

,As these th ree  goals a re  achieved;enhanced recovery can substan- 

t i a l l y  increase gas supply from unconventional gas'.sources.and thus prov ide  

a h i g h l y  c o s t - e f f e c t i v e  near-term as w e l l  as long- term program. 

u s i n g  a combination o f  economic i ncen t i ves  and .pub1 i c l y  sponsored 

R&Dy t he  unconventional gas sources cou ld  prov ide  2,OO t o  220 Tc f  o f  a d d i t i o n a l  

gas supply, as shown on E x h i b i t  1: 

The c o n t r i b u t i o n  o f  t h e  unconventional sources, even 

under c u r r e n t  technology and gas p r i c e  o f  $1.75/McfY 

i s  subs tan t i a l  -- 70 Tc f .  

I n t roduc ing  advances i n  t h e  technology increases the  

t o t a l  t o  150-160 Tcf .  

Combining a p r i c e  o f  $3tOO/Mcf ( o r  . i t s  economic equi -  

v a l e n t )  w i t h  advanced technology r a i s e s  t h e  p o t e n t i a l  

of gas from unconventional sources to,  200-220 Tc f  -- 
equal t o  c u r r e n t  domestic proved reserves. 

. . 

Moreover, subs tan t i a l  q u a n t i t i e s  o f  t h i s  gas cou ld  be d e l i v e r e d  

i n - t h e  near term -- as much as 2 Tc f  t o  8 Tc f  per  yea r  by 1990, depending 

on the  s p e c i f i c  economic and technologic  mix se lec ted  by p u b l i c  o f f i c i a l s .  
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