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PREFACE o

This report represents the results of a study performed
by the Department of Energy (Energy Technology/Division of
OGSIST) over the period from April 1977 to April 1978.

The study thus predates the recent compromise on natural gas
policy under the proposed National Energy Act and the on-
going technology commercialization readiness review being
conducted under the auspices of the Under-Secretary. The
study results have undergone only partial review within
Energy Technology and are being published at this time to
provoke discussion and further consideration within the
Department of Energy, by other Federal agencies, and by pri-
vate industry. Recent developments in the drafting of the
National Energy Act and inputs from other recent reviews of
the unconventional gas resources (e.g., DOE Commercializa-
tion Task Force on Unconventional Gas) will undoubtedly im-—
pact the recommended research .and development program pre-
sented in this draft report, as well as the initiation of
complementary DOE programs.

The majority of the empirical research and analysis of
the study was conducted under the direction of a working
group chaired by the Assistant Director of OGSIST for 0il
and Gas. The group included senior-level members from DOE head-
quarters (Energy Technology/FE). The energy research cen-
ters, and national laboratories. Lead responsibility for
technical direction, research assessment, and review of
results was delegated on the basis of the four major uncon-
ventional resource areas as follows:

. Western tight gas basins: Nevada Operations Office
of the Bartlesville
Energy Research Center

. Geopressured aquifers: Energy Technology/
Geothermal Division

Methane from coal seams: Energy Technology/Fossil
Energy and Morgantown
Energy Research Center

Devonian shales: Energy Technology/Fossil

Energy and Morgantown
Energy Research Center
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A The empirical research and quantitative assessment of
the unconventional gas resources were conducted by Lewin and
Associates, Inc. The establishment of project priorities

£ within the recommended program was directly based on the

: preferences of key DOE/ET executives as revealed through

a comprehensive survey and interview process. Booz, Allen
and Hamilton played a major role in the coordination of

- study activities and the preparation of this draft report.
In addition, Booz, Allen and Lewin conducted interviews

with over 100 private companies currently active or inter-
o ested in the unconventional gas resources. Resultant data
were then provided to the previously mentioned working group
5 for analysis.

iv




PSSRV AN S

B aaa]

TABLE OF CONTENTS

EXECUTIVE SUMMARY
I. RESOURCE DEFINITION

1. Potential of Conventional Sources
and the Need for EGR

2. Classification and Assessment of
the Potential (Gas-in-Place) of the
Discovered and Undiscovered, Un-
conventional Resources

3. Collection of Engineering and
Geologic Data

-

II. ECONOMIC EVALUATION OF RESOURCE

1. Introduction

2. Data Sources

3. Development of Analytical Recovery
Models T

4, Definition of Base and Advanced
(Technology) Cases

5. Collection of Economic, Financial,
and Cost Data

6. Exercising the Analytical Recovery
Models

III. ENHANCED GAS RECOVERY STRATEGIC PLAN

l. Introduction

2. Identification of Major Constraints .

to Full-Scale Exploitation of Un-
conventional Resources

3. Specification of R&D Strategies/
Activities to Overcome or Suffi-
ciently Mitigate the Constraints

DRAFT "

Page
Number

IT-12

III-1

III-1

IITI-1

III-5



Iv.

Combining Strategies with High
Potential Targets to Provide
Candidate R&D Project Set

‘Complete Specification and Charac-

terization of Candidate Projects

ESTABLISHMENT OF CANDIDATE PROJECT

PRIORITIES
1. Introduction
2. Formulation and Results of the

3.

Analytical Survey
Formulation and Results of
Interviews

FINAL PROGRAM SELECTION

1.
2.
3

oy U1 b

Introduction

Trade-0Off Analysis

Incorporation of Key Qualitative
and Programmatic Factors
Recommended 5-Year EGR R&D Program
Profile Analysis

Strategy Implementation

ITI-5

ITI-6

Iv-1
Iv-1
Iv-1

IV-6

V-1
v-1

V-5

v-12
v-13
vV-14

o anis e m s



e van e e
b s iy b e e

INDEK OFr EXHIBTITS

Page
Exhibit Number

1 Location of Unconventional Gas
Resources Included in the Analysis : 5

2 The Potential of Gas from
Unconventional Sources 6

3 Annual Production From Unconventional
Sources Base and Advanced Cases at
Two Gas Prices 7
4 Range of Estimates of Gas-in-Place
and Technically Recoverable Gas
From Speculative Areas of
Unconventional Resources 8

5 Department of Energy Comprehensive
Research and Development Enhanced
Gas Recovery Program 12

6 Incremental Anpual Production Levels :
for DOE EGR R&D Program 14

7 Ultimate Recovery by Unconventional
Resource Area for DOE EGR R&D
Program 15

8 Total 5-year DOE Budget Required to
Implement the Comprehensive EGR
Program 18

9 FY 78 DOE Funding for the Current
EGR Program 20

10 Methodology Employed for the

Formulation of the Enhanced
Gas Recovery Strategic Plan 26

DRAFT

v



II-1

II-2

II-3

II-8

1I-9

II-10

I1-11

II-12

Projected Production From Conven-
tional Gas Reserves (at Gas Price
of $1.75/Mcf) '

Salient Characteristics of Group I
and Group II Unconventional
Resource Areas

Analytical Framework Used to Assess

the Economic Recovery Potential of
the Tight Gas Sands and Devonian
Shales ‘

Salient Characteristics of the
Analytical Models Used to Assess
the Economic Recovery Potential
of the Tight Gas Sands and
Devonian Shale

Major Assumptions Employed in the
Assessmet of Economic Recovery
Potential of Methane From Coal
Seanms

Existing Recovery Technology
Specification for the Base and
Advanced Cases in the Tight

Gas Sands _

Specifications for the Base and
Advanced Cases in the Devonian
Shale

Major Characteristics of the
Advanced Case for Methane

From Coal and Methane from
Geopressured ‘Aquifers

Major Categories of the Economic,
Financial, and Cost Data Used in
Assessing the Economic Recovery
Potential of the Unconventional
Resources

The Potential of Gas From Uncon-
ventional Resources

Total Domestic Gas Supply-—
Conventional and Unconven-
tional Sources (at Gas Prices

of $1.75/Mcf and Current
Technology)

The Potential of Unconventional
Gas Sources Under Advanced Tech-
nology (at Gas Prices of $3.00/
Mcf)

Base and Advanced Case Ultimate
Recovery From the Tight Gas
Basins at Three Prices

DRAFT ™

I-5

II-3

IT-10

IT-11

II-13

II-18

IT-20

II-20

IT-21



IT-13

II-14

IT-15

III-1
i II1-2
III-3
III-4
ITI-5
ITI-6
IITI-7
ITI-8
Iv-1

Iv=-2

IV-3

Iv-4

Iv-5

IV-6

pep——

7-.-. s

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

Devonian Shale Ultimate Recovery
(at Three Gas Prices)

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

Group I Project Descriptions

Group II Project Descriptions
Locations of Major Tight Gas

Sand Basins

Devonian Shale Deposits of the
United States

Coal Deposits of the Continental
United States

Locations of Possible Geopressured
Zones

Performance Parameters for Group I
Projects

Performance Parameters for Group II
Projects

Priority Categories for Group I
Project -

Frequency of Single Most Important
Performance Parameter Used in
Ranking Group I Projects
Performance Parameters Used Most
Frequently Among the Top Three

Used to Rank Ggoup I Projects
Average Total Dollar Allocation to
Group I and Group II Projects
Incremental Annual Production of
Group I Projects at Alternative
5-Year Budcz=t Levels

Percentage of Speculative Resource
Characterized for the Five Budget
Levels of Group II Projects
Department of Energy Comprehensive
Research and Development Enhanced
Gas Recovery Program

Incremental Annual Production Levels
for DOE EGR R&D Program

Ultimate Recovery by Unconventional
Resource Area for DOE EGR R&D Program
Present and Recommended Funding
Levels for Unconventional Resource
Areas

DRAFT -

II-21

IT1-22

II-22
III-7
IIT-8
III-3

III-10

ITI-11

ITI-12
III-15/16
ITI-21

Iv-3

Iv-4

IV-5

Iv-8

Iv-9

Iv-10



.

g

R

j —

EXECUTIVE SUMMARY

1. THE SITUATION

Natural gas, the nation's second most utilized fuel
source, provides over one~quarter of the country's total
energy requirements. The demand for natural gas increased
significantly in the early 1970's and has remained constantly
high at approximately 20 Tcf over the past few years.
Domestic capacity to satisfy this demand, however, has
declined. The effects of this decline were felt first
through periodic curtailments and finally during the winter
of 1976-1977 in the form of severe industrial disruption.

This shortfall in domestic natural gas supply is
characterized by six salient features:

Total proved reserves have declined by 24 percent
since 1970, from 283 Tcf to 216 Tcf (32 Tcf are

in Alaska). .

The ratio of proved reserves to production is at
an all-time low, less than 11 to l—about 9-1/2
to 1 when Alaska is excluded.

New additions to supply, from new discoveries and
extensions of known fields, have replaced only 1

Tcf for every 2.5 Tcf consumed over the last 7
years.

While exploration in 1976 is three times that of
1970, largely as a result of significant price
increases, additions per completed exploratory well

have declined 4 Bcf per well in 1970 and 1 Bcf per
well in 1976.

New frontiers (Alaska, deeper waters, deeper wells)
could contribute significantly, but finding, pro-
ducing, and delivering this gas will be costly

and will require long lead times.

Developmental drilling, which supplies 80 percent
of additions to reserves, has more than doubled in
the past 7 years. However, future plans for
developmental drilling are not being renewed be-
cause of low exploratory success.
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As previously stated, natural gas demand has recently
maintained a relatively constant level of 20 Tcf over the
last few years. Certain observations about future demand
can be made, however, despite difficulties caused by un-
certainty over the degree of supply regulation and future
constraints and incentives (negative and positive) aimed at
gas usage. The observations are:

The National Energy Plan forecast of domestic gas
consumption in 1985 is about 19 Tcf per year.
This forecast is based upon the assumption that
all the provisions of the plan are implemented—

including those that deal with other fuel forms
as well.

It appears likely that this forecast of demand is
low, given the changes that ‘energy legislation has
undergone to date in Congress.

. Gas demand could stay level (at 20 Tcf) or even
increase if difficulties are encountered in in-
creasing coal production, in implementing fuel
switching on a large scale, or in encouraging
significant coénservation measures.

Thus, while domestic conventional gas production is
decreasing even in the face of significant price increases
during this decade, demand is likely to remain high. This
situation portends an ever increasing need for supplemental
gas sources. Furthermore, thes current gas demand is hin-
dered by price controls, constrained by decreasing supply,
characterized by high uncertainty, and limited by moratoria
on new gas customers in many areas. An additional secure
domestic supply would find an eager market. As an environ-
mentally clean, easily handled energy source, gas could
'substitute indirectly for imported oil, thus improving the
balance of payments and providing a positive benefit on the
environmental impact of energy.

2. SEVERAL MAJOR GAS SUPPLY QPTIONS ARE AVAILABLE TO
DEPARTMENT OF ENERGY POLICYMAKERS '

There are several ways in which the DOE could encourage
the production of natural gas. These include the following:

DRAFT 2
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. Stimulating additional gas recovery from unconven-
tional sources. Accelerating the recovery of
natural gas from unconventional sources appears
to be a feasible target for offsetting a signifi-
cant portion of the likely shortfall. Comprehen-
sive exploitation of the unconventional resources,
however, will be required for significant results.

. Improving the economic incentives for natural gas.

roduction. Increased gas prices may have only a
Iimited effect unless they are sufficiently high
1

to stimulate development of new resources.

. Increasing the pace of offshore leasing. Even
though off-shore gas represents a major portion of
potential undiscovered reserves, it should be
recognized that this resource is costly to produce
and its recovery is likely to lag while platforms
and pipelines are constructed. In addition, a
timely leasing program would be essential to
achieve production in a reasonable time frame.

. Obtaining gas supplies from outside the contiguous
states. This is a costly, though possibly in-
evitable option. Imports of natural gas from
Canada and Mexico are being negotiated on a Btu
equivalency with imported fuel o0il, $2.50 to $3.00
per Mcf. Imported Liquefied Natural Gas (LNG) is
being considered at $4.50 per Mcf. Gas from
Alaska is estimated at $3.50 to $5.50 per Mcft,
delivered.

. Developing technologies for manufacturing synthetic
gas. Gasification of coal or heavy crudes will
require substantial capital investment and prices
of $4.50 per Mcf or more.

The first option, which addresses the utilization of
unconventional gas resource areas as a means of increasing
domestic gas production, is the most viable and economical
solution to the inevitable near-term gas shortage. Current
environmental, economic, technological, and international
constraints and barriers restrict the other four options
from being highly probable and practical near-term solu-
tions,

The more speculative unconventional resources, geopressured aquifers
-and methane recovery from coal seams, may require gas price levels
(or other economic incentives) significantly above the general
market prices likely to pertain under the recently proposed National
Energy Act provisions in order to stimulate substantive private
sector commercial production.
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3. POTENTIAL OF UNCONVENTIONAL GAS RESOURCES

The unconventional gas resources depicted in Exhibit 1
can make significant contributions to the national gas supply
in both the near and long term. The potential of these re-
sources can be realized at a lower cost than many other
supplemental gas sources, and can be unlocked most effectively
through a combination of technology development, resource
characterization, and economic incentives.

Presently, unconventional resources contribute approxi-
mately 1 Tcf per year to domestic production.! Exhibit 2
demonstrates that the ultimate potential from these re-
sources at $1.75 per Mcf? is approximately 70 Tcf (Base
Case).?® At a gas price of $3.00 per Mcf, however, an inten-
sive Federal-industry cooperative R&D program jointly in-
stituted (Advanced Case)® could increase the ultimate re-
covery to from 200 to 260 Tcf. Approximately 50 Tcf could
be recovered by 1990 under the Advanced Case. Exhibit 3
demonstrates that Advanced Case technology could generate
approximate annual production of 6 Tcf at $1.75 per Mcftf,
or 8 Tcf at $3.00 per Mcf by 1990.

In addition, the speculative portions of the unconven-
tional resource areas have potentially large reserves
(Exhibit 4) which could prove significant once sufficient

The primary source for this gas is from tight, blanket gas basins
such as the San Juan and Denver Basins.

Prices are stated in 1977 dollars and assumed maintained in con-
stant dollars through the period of analysis; for example, a

$1.75 price under a 6 percent inflation would be $2.75 as expressed
in 1985 dollars.

The Base Case is defined as expected technological advances and
gas production without an accelerated R&D program in enhanced gas
recovery.

The Advanced Case for unconventional sources includes the Base
Case plus additional stimulation by an accelerated Federal R&D
program in enhanced gas recovery.

- DRAFT |
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' EXHIBIT 2
The Potential of Gas From Unconventional Sources
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EXHIBIT 4
Range of Estimates of Gas-in-Place and Technically
Recoverable Gas From Speculative Areas of Unconventional Resources
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1The wide range of resarve figures displayed in this Exhibit are “‘best estimates’
of the potential ges-in-piace and the gas technically recoverable from these speculative
resources, The timing and economic feasibility of racovering these resources are not known.
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technical and resource data are available. The best avail-
able data on gas-in-place and gas technically recoverable
show a wide range of estimates. A federally sponsored pro-
gram to acquire sufficient resource data to support
engineering/economic analyses could significantly improve
the accuracy of an assessment of the economic potential of
these portions of the unconventional resources.

4. RECOMMENDED DEPARTMENT OF ENERGY ENHANCED GAS RECOVERY
RESEARCH AND DEVELOPMENT PROGRAM

The goals, principal technology thrusts} descriptions,
and profile analysis of the Enhanced Gas Recovery R&D Pro-
gram are briefly addressed below.

(1) Goals

While it is anticipated that in the long run,
"Enhanced Gas Recovery (EGR) techniques will be primarily
developed and commercialized by industry, the effective
exploitation of the gas resource base in the near term
will continue to be ¢onstrained by major economic and
technological uncertainties. In addition to adegquacy
of capital and environmental questions, the gas indus-
try is still also hampered by institutional barriers
such as price regulations, tax requirements, and the
possibility of antitrust action; these factors have

tended tc dampen thé enthusiasm for cooperative ven-
tures.

Thus, an overall, balanced, and coordinated DOE
Program in EGR which will help mitigate these economic
and technological uncertainties is urgently needed.
Within such a program, the R&D portion would make major
contributions to the following four primary goals:

Accelerate the development of an improved
scientific, engineering, and economic basis
for prompt, orderly development of enhanced
recovery technology of the Nation's natural
gas resources, over the period from 1985 to
1995. This development centers on improved
technologies to recover more of the original
gas-in-place. The operating methods to
accomplish this goal will represent a combi-
nation of laboratory and field tests.
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Accelerate the transfer of DOE-developed
technology in EGR to those sectors of private
industry that need it in order to accomplish
established reserve and production goals or
to reduce risk.

. Significantly augment ultimate recoverable
gas reserves

- At $1.75 per Mcf, 82 to 98 Tcf!l
- At $3.00 per Mcf, 92 to 152 Tcf!

Significantly increase, over the period from
1985 to 1995, the yearly national gas pro-
duction from existing reservoirs through the
application of EGR technology. A gas in-
dustry goal will be 2.0 additional Tcf in
1985, and 4 to 5.5 Tcf in 1990.! This goal
will require developing a sense 0of urgency
among industrial and governmental partici-
pants. Furthermore, a stable economic policy
with respect to long-term gas pricing is
essential to stimulate production in thls
high risk area.

(2) Principal Technology Thrusts

The recommended R&D program developed by the
analyses and surveys included as elements of this
study, encompasses four principal technology thrusts,
as follows:

. Target Orientation. The R&D program plan is
to exploit the unconventional resource areas
with the greatest potential for increasing
domestic gas supplied over the period from
1985 to 1995.

Basic Definition of the Resource Base. The
program emphasizes the need for DOE and in-
dustry to confirm the geographic area and
economic potential of the unconventional
resources.

These estimates are under the Advanced Case.
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Continuing Research. The program relies on
basic research to confirm that each tech-
nology associated with the appropriate un-
conventional resource area has a high prob-
ability of success and is compatible with all
external factors, such as the environment and
econony.

. Field Tests Which Verify Laboratory Investi-
gations. The program calls for a series of
field tests to confirm that the basic find-
ings in the laboratory can be extrapolated to
actual resource area conditions.

(3) Summary Description of Program

Exhibit 5 presents the recommended 5-year DOE EGR
R&D program. Implementation of the full program re-
quires $596.9 million.! The program consists of three
major components, as follows:

. Group I projects
. Group II projects
Environmental and Support Activities.

The Group I projects consist of the application
of improved technology to the probable and possible
areas of the unconventional resources which include
discovered and undiscovered reserves. The majority of
the 17 Group I proijects entail cost-sharing with the
private sector. Total DOE costs to implement these
projects is $434.1 million over a 5-year period. The
ccrresponding industry costs total $135.9 million. The
four Group II projects entail the engineering-geologic
characterization of the speculative areas of the un-
discovered, unconventional resources. The primary
objective of these projects is to obtain the necessary
engineering and geologic data to realistically assess
the economic recovery potential of such speculative
areas. The Group II projects require $108.52 million
to implement, and entail 100-percent funding by DOE.

Constant 1977 dollars.
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EXHIBIT 5

Department of Energy-Comprehensive
Research and Development Enhanced

GROUP I PROJECTS Gas Recovery Program
DOE Funding DOE Annual Funding Incrementa’ lncremental Incremental Incremental
5 Year Budget |(Millions of Constant 1977 $) [ ulrimate Annual Annual Aanual
Rarcurce Ares Naze (allions of Year | Year |Year |Year | Year | Recovery Production Production Production
Sonatans 1977 3) i 3 k] 4 5 l{Tct@si Mcf) {Tzf an 1985) (Tcf 1p 19%0) (Tcf in 1995)
$1.75/Mcf  53.00/Mcf B).75/Mcf $3.90/Mefl51.75/Mct 53,00/%c
Tight Gas Sands| Tight, Blankat Gas 25.0 5.5 5.5 5.5 5.% 3.0 15.2 0.6 0.4 1.5 1.2 1.2 0.8
Formations
Tight Gas Sands| Graater Gresn River Basin, 44.7? 1.6 9.0| 9.0 9.0(10.1 le.7 0.4 0.4 0.8 Q.9 0.6 0.7
Full Programs .
Tight Gas Sands| Gther Tight, Lenticular 17.8 3.4 4.1 4.1 4.1 2.1 8.9 0.1 0.05 0.4 0.2 0.6 0.3
Sands
Tight Gas Sands| Uinta Besin, rull Program 44.8 7.8 8.0 9.0 9.0 10.2 15.5 0.5 0.3 0.8 1.0 0.5 0.6
Tight Gas Sands| Piceance Basin, Pull 29.8 5.0 6.3 6.0 6.0 6.8 8.6 0.1 0.2 0.2 0.5 0.2 0.3
Program
Tight Gas Sandas| Gther Lav-Peml.h.llir.y 6.5 2.2 2.0 0.9| 0.9] 0.5 5,1 0.0 0.1 ¢.1 0.3 o.o 0.2
Reservolrs
Tight Gas Sands| Shallow, Near Conventional 5.5 11| 2| .2 t.of 1.0 2.3 a.l 0.1 6.2 0.3 .05 0.05
Gas sands . .
Tight Gas Sands| Tight, Shallow Gas Sands 9.3 2.0 2.2 2.0| 1.7 1.6 7.6 0.0 0.05 0.0 c.l 0.0 0.2
Tight Gas Sands| Low Permeability, Shallow 6.2 1.3 1.4 1.4 1.1 1.0 1.3 0.0 0.u G.D 0.0 0.2 0,2
Gas Sands
Davonian Shale Dual Completion of 9.3 5.9 7.0 6.4 5.3 4.7 6.2 0.1 0.l .2 0.3 0.1 0.1

Marginal Devonian
Shales, Ohio

Devonian Shale | Otsur Devonian Shale 2z.4 4.5 5.4 LR I l.e 2.3-7.6 2.0-2.5 0,0-0.1 9.0-0.2 9.0-0.4 | 0.0-G.2 G¢.0-0.)
Basgins

Devonian Shalse Deep Appalachian Front 6.5 1.5 1,5 1.3 1o 2.7 S =4.5 v.0- 0.05 0.9-0.1 0.0-0.1 €.0-0,2| 0.98-0.1 0.0-0.2
Area

Devonian Shale | Improve Recavery Effi- 5.8 2.4 2.4 1.3 1.9 1.4 LT [P G.1 2.0 ‘0.2 G.0 0.1
clency in Productive -

Devonian Shales

5.

Devonisn Shale Define Potential of Deep 25.1 5.3 7.0 5.3 4.2 i.3 I 3.7 0.0 5.0 0.0 Q.0 0.0
Devonian Shales
Nethane From Methane From Minable 2&.2 2.7 4.4 i) vl 6.0 b 0,05 5.0% Q.35 G.1 c.05 2.1
Coal Coal=Appala.r.ian Basins
Wethane From Hethene From Unminable 4.1 1.1 4.l 6.2 7.2 5.5 R ] NA NA NA RA KA HA
Coal Coal-Westerr. Basins
Geopressured Geopressured Aquifers, 120.3 FE R L TVCS e NN B O A N A Toumcn,u NA NA NA NA | .NA NA
Aguifers Full Program ) . )
E . ) .
GROUP I TOTALS 434.1 B2.3| 97.9| waie| 2.4 7802 wroepsu | forueslin Jbued 0% [4.25-4009 5.1-3,7| 3.5-3.8 3.85-4;:35
GROUP II PROJECTS
GOE Farding DOE Antaai Fun Tewhuaially
Y vYear Budget iMilllans 2f Constant 1977 3 Aperualative At FT IE PP SV R Ree v rab e
Resource Area Name iMitlvons of Yedr [ ¥ear Year| Year| Year| (Bgudre M1yl (Te F) s
snstant 1977 35) ¢ : 3 P o, T 0
Devonian Characterization =t the EX N CYCTT IR | YRR IR ] BN 100 aun KFREEUN] =4
Shales Speculative Area of the
Devonian Shales
Tight Gas Sands [Characterization of the 47,11 cad ] uadd L] nad] dy Jau=Ta k=i

Speculative Areas of
Tight Gas Sands Formation

Geoprassured Fharacterization of the 7T Sudd| hods ] Lady] LA frd, e ENTEE LB Vo=tid
Auifers Speculative Areas of the
L Geopragsured Aquifers
Methane From haractarjzation of the 2711 LI NN AR AR R | B K O AL St N
Coal Speculative Areas of

Deer Coal Seams

GROUP I1 TOTALS Lo, 52 .7 e a7 |t o1? LRI L= b EEAL AN
S
OOE Funding BOE Annuat Fandinn
4 Year Budgut [ (Millions wnt 4T s
Millions of Year | Year Year| Year| Yeor
Conutant t977 &3 i . 1 4 L
Environmantal and Support Services b4 0.8 10,0 :0.8| 10.4] 10.&
EGR PROGRAM TOTALS 556.42 115.4|130.4 [L28.1|116.9[10%.4
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The environmental and support activities regquire
$54.3 million over a 5-year period and generally fall
into the following four areas:

. Environmental studies and mandated program
documents (e.g., Environmental Development
Plan)

. Technology transfer!

. Expansion of the knowledge base?

. General contractor support.

Exhibits 6 and 7 depict the target levels of pro-
duction and ultimate recovery {(at various gas prices)
associated with the recommended program. As delineated
previously, these goals include an increase in ultimate
recoverable gas of 82 to 98 Tcf (at $1.75), and 92 to
152 Tcf (at $3.00) above the Base Case and an increase
in annual gas production of 2 Tcf above the Base Case
by 1985. Prior to focusing on the recommended program
in more detail, it is important to emphasize several of
the more prominent fgctors and assumptions upon which
the program is based. These include the following:

Each of the individual -Group I projects already contains specific
technology transfer activities. The technology transfer activities
specified here under the heading of "Environmental and Support
Activities"™ relate specifically to DOE Headquarters functions and
planning.

During the course of the strategic plan development, significant
differences of opinion surfaced concerning the potential of certain
unconventional resource areas and the ability of alternative tech-
nology approaches to economically unlock the resources. The
technical uncertainties clearly demonstrated the need for continuing
refinement, review, and further investigation in the development of
the recommended program. Thus, the recommended 5-year program
contains funding for these "knowledge base expansion" activities.

 ORAFT .
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The methodology employed to develop the pro-
posed program depends on the various estimates
of major engineering, geologic, and economic
variables which characterize specific uncon-
ventional resource areas and individual proj-
ects. Such estimates, while consistently
derived, are subject to judgment and change
as more is learned about the technical, eco-
nomic, and institutional aspects of EGR.
While widely divergent opinions and estimates
concerning these major variables abound, the
strategic analysis serving as the foundation
for the recommended program took into con-
sideration and utilized only those data which
were fully supported by empirical evidence,
historical precedent, and/or sound geologic-
engineering theory. The recommended program
contains a set of activities ("expanding the
knowledge base") which focus on a detailed
and continuous review, reevaluation, and
additional investigation of the comprehensive
analysis from which the recommended program
was derived. As significant new insights are
obtained, these will be incorporated into the
EGR program strategy in the course of the
anticipated regular reviews.

The recommended program stresses a balarice
between near-term production goals and the
need to more carefully assess the total eco-
nomic potential of the speculative portlons
of the unconventional resources.

The individual projects delineated in Exhibit
5 represent broad classes of focused R&D
activities. They are not, however, so finely
defined as to be field or reservoir specific.
The final definition of these projects will
be the major focus of subsequent implementa-
tion planning.

Major environmental and socioeconomic factors
bearing on the rate of commercialization were
explicitly considered in program develop-
ment. These factors were incorporated into

a set of aggregate indices which described
their potential impacts on the development
and commercialization of individual projects.
In-depth assessment of the environmental and

16
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socioeconomic impacts, realistic estimates
of the cost to mitigate the more significant
factors, and the development of the overall
strategy for environmental and socioeconomic
guality assurance are major elements of the
subsequent implementation plan phase.

Since the individual programs in the recom-
mended 5-year program require very large
volumes of start-up funding, it is impractical
to assume that the relatively small amount

of discretionary funds available in the FY 79
EGR budget could provide anything more than

a modest startup of the higher priority
projects. In view of the time-phasing
problem, the period from FY 80 to FY 84 is
the proper context for the recommended 5-year
DOE EGR program.

The recommended 5-year program and budget
were developed on an unconstrained basis and
thus will have to be adjusted to conform to
real budget limitations.

--

As depicted in Exhibit 8, the recommended 5-year
program contains R&D projects in each of the four major
unconventional resources. DOE funding requirements and
percentages are as follows:

Tight GasiSands - $216.7 million (36 percent
of the total program)

Devonian Shale ~ $120.4 million (20 percent
of the total program

Methane from Coal Seams - $77.4 million
(13 percent of the total program)

Geopressured Aquifers - $128.0 million (22
percent of the total program).

The remaining $54.3 million (9 percent of the total
program) consists of the environmental and program
support activities.

17
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EXHIBIT 8
Total 5-year DOE Budget Required to
Implement the Comprehensive EGR Program
(Dollars in Millions)

METHANE FROM
GEOPRESSURED AQUIFERS
$128.03
(22%)

DEVONIAN SHALE

TIGHT GAS - $120.43
SANDS (20%) -
$216.73

(36%)

METHANE
FROM COAL
$77.43
(13%)

ENGINEERING
SUPPORT SERVICES

$54.3
{9%)

Tr"e‘mta' budget requirement to fully implement the recommended EGR program is $596 9
miltion (See Exhibit 5). Approximately $108.5 million of this total represents Group H proj-

éct resource characterization activities which extend beyond the initial 5 years of the pro-
gram,

18
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(4) Profile Analysis - Recommended Versus Current
Program

The recommended program represents a significant
increase in annual DOE funding requirements ($119.3
million on the average versus $46.6 million for the
current program in FY 78). The comparison of Exhibits
8 and 9 illustrates that associated with the recommended
program are significant increases in the funding re-
guirements of all four unconventional resource areas
and the environmental and support activities. The
annualized costs for the tight gas sands represent an
eight-fold increase above the current level. For
the other three unconventional resources, the annualized
funding requirements associated with the recommended
program range from 35 percent (Geopressured Aquifers)
to 100 percent (Devionian Shales) above FY 79 levels.

In terms of relative funding levels, the recom-
mended program represents a significant shift in empha-
sis toward the tight gas sands, which comprise 36 per-
cent of total funding requirements, as opposed to the
ll-percent figure under the FY 78 budget. Devonian
Shales, while significantly increased under the recom-
mended program in terms of annual funding levels, rep-
resent approximately 20 percent of the total program,
as opposed to 26 percent under the FY 78 budget.

The relative shift in emphasis reflects the im-
portance attached by key DOE managers to the signifi-
cant near-term production potential associated with
the tight gas sands. As indicated in Exhibit 5, the
incremental ultimate recovery for the tight gas sands,
which could be unlocked by a combination of high gas
prices ($3.00 per Mcf) and federally sponsored R&D, is

significantly greater than the economic recovery poten-
tial for Devonian Shales.

OVERVIEW OF METHODOLOGY

The principal steps followed in the development of

this EGR program strategy are depicted in Exhibit 10. These
included:

. Resource definition

. Economic evaluation of the resource
Strategy and candidate projects development
Establishment of project priorities

. Final program selection.
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EXHIBIT 9
FY 78 DOE Funding for the Current
EGR Program
(Dollars in Millions)

METHANE FROM
COAL SEAMS
$6.8
(14%}

GEOPRESSURED
AQUIFERS . -
$19.0
{41%}

20

DEVONIAN SHALE
$12.0
{26%)

TIGHT GAS SANDS
$5.0
(11%)



(1) Resource Definition

The objective of the resource definition section
was threefold:

. Assess the potential of conventional sources
of natural gas and thus define the national
- need for EGR

. Classify and assess the potential (gas-in-
place) of the unconventional resource base
to which improved EGR technology is appli-
cable

. Gather necessary engineering and geologic
data to assess the recoverable gas potential
of the applicable unconventional resource
base. i

The initial step entailed the identification of
the economically recoverable gas from discovered con-
ventional and unconventional resources. Estimates of
Base Case production were subsequently derived for the
resources. The next principal thrust focused on
classifying the unconventional resource base into
possible/probable areas (Group I) and speculative
areas (Group II). Also, an assessment of the potential
(gas-in-place) of each area was made. These two areas
served as the general gas producing targets for the
Advanced Technology Case. The last step was to collect
sufficient engineering and geologic data necessary to
make reasonable estimates of the recoverable gas
potential for both probable/possible and speculative
areas of the unconventional resource base.

(2) Economic Evaluation of Resource

The primary objective of this phase of the
strategic analysis was to assess the supply potential
from the unconventional resources at various natural
gas prices, and under different assumptions concerning
the state of development of EGR technology. There
were four steps in achieving this objective.

Develop analytical models

. Define Base Case and Advanced Case Technology

DRAFT E




Collect necessary economic, financial, and
cost data necessary for the analytical models

Exercise the analytical models to determine
supply potentials at three natural gas
prices: §1.75, $3.00, and $4.50 per Mcf.

The first step consisted of formulating three
analytical models:

. Reservoir simulation model
. Project economics model
Extrapolation/timing model..

Next, two technology cases were defined:

Base Case: assumes expected technological
advancements by only industry-sponsored R&D

Advanced Case: assumes revolutionary tech-

nological advancement by Federal-industry-
sponsored R&D. ,

The third step invelved a detailed natural gas industry
survey to obtain the required economic, financial, and
cost data for input into the analytical models. The
final step consisted of exercising the analytical
models to estimate ultimate recovery and annual pro-
duction rates at $1.75, $3.00, and $4.50 per Mcf.

(3) Strategy and Candidate Project Development

The objective of the strategy formulation and
project development section was to specifically iden-
tify and characterize a set of feasible EGR projects

which hold high possibility for realizing the potential
of the unconventional gas resources. The methodology
to accomplish this objective was fourfold:

Identify major constraints to development

Formulate strategies to overcome the constraints

Identify high-potential targets and determine
a set of high-potential projects

Completely characterize projects in terms of
their primary attributes.
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The initial step consisted of the identification
and prioritization of the major constraints to the full
scale exploitation and commercialization of the uncon-
ventional resources. Extensive feedback from the pri-
vate sector was used to clearly delineate and assess
the relevant technical and nontechnical (economic,
environmental, and institutional) constraints. Next,
a set of four primary strategies or RD&D activities
were formulated to overcome or mitigate the major
identified constraints. Then, the high-potential tar-
gets of the probable/possible areas of the unconven-
tional resources were identified. Strategies were
applied to the high-potential areas to determine the
set of high-potential EGR projects. The final step
was to completely characterize the projects on the
basis of a set of performance parameters which compre-
hensively indicated the principal benefits, costs, and
impacts associated with their full scale commercial-
ization.

(4) Establishment of Project Priorities

The purpose of the prioritization process was to
provide EGR program managers with specific insights
concerning the potential impacts of constrained budget
levels on the timing, composition, and amount of bene-
fits associated with the recommended EGR program.

In accomplishing this objeétive, two steps were
involved:

An analytical survey to establish Group I
priorities was developed and implemented

In-depth interviews were conducted to estab-
lish priorities among Group II projects and
also between Group I and Group II projects
as a whole.

The analytical survey was conducted with 11 key
DOE Energy Technology managers responsible for plan-
ning and implementing the EGR program. This survey
process served as the basis for establishing priorities
among the Group I projects.

| DRAFT :




The in-depth personal interviews established the
tradeoffs which the 11 key managers would make among
the 21 candidate projects at various levels. The re-
sults of the interviews were used to establish priori-
ties among Group II projects and between Group I and
Group II projects as a whole.

(5) Final Program Selection

The objective of this phase of the strategic
analysis was to refine the 21 high-potential Group I
and Group II projects into a recommended 5-year DOE EGR
R&D program. The three principal steps in this refine-
ment process included the following: '

. Conducted tradeoff analysis to assess the
ability of the set of high-potential R&D
projects, higher gas prices, and a combina-
tion of R&D and higher gas prices to signi-

ficantly increase gas production from un-
conventional sources

. Performed a profile analysis (by comparing
the tentative recommended program with the
current DOE EGR program) to identify and
review indicated new program thrusts

. Incorporated key qualitative and programmatic
factors which were not explicitly included in
the analysis and prioritization of the set of
21 high-potential R&D projects.

First, a detailed tradeoff analysis between the
three levels of prices ($1.75, $3.00, and $4.50/Mcf)
and the two technology cases (Base and Advanced) was
performed. This allowed the formation of insights into
the effects of economic and technological advances on
natural gas production from unconventional resources.
Next, a detailed comparison of the recommended, un-
constrained and current EGR programs was performed to
clearly delineate significant changes in program
philosophy and direction and to make certain that such
changes had been carefully and explicitly analyzed.
The recommended, unconstrained program is that dis-
played in Exhibit 5.
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Finally, an evaluation and incorporation of key
budget, qualitative, and programmatic factors into the
1 recommended, unconstrained 5-year program will be
| required. This analysis is not complete at this time.
It involves evaluating such factors as program diversi-
fication requirements, time and risk preference, re-
gional market considerations historical and anticipated
budget levels, program phasing requirements, knowledge
base activities, and environmental, general support and
technology transfer. Once these factors are fully taken
into consideration, a final EGR program will be out-
lined.

The detailed analyses and results of each of the five
steps of the methodology (Exhibit 10) are presented in the
body of the report. The report is organized into five
chapters—one chapter for each step in the overall method-
ology of the strategic analysis. As displayed in Exhibit 10
and discussed above, these five steps (and thus five chapters),
are as follows: -

. I - Resource Definition
. II - Economic Evaluation of the Resource

. III - Strategy Development and Candidate Projects
Development

IV - Establishment of Project Priorities

V - Final Program Selection.
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EXHIBIT 10

Methodology Employed for the Formulation
of the Enhanced Gas Recovery Strategic Plan

RESOURACE DEFINITION

i — — 27 2 MY

ECONOMIC EVALUATION
OF RESOURCE

STRATEGY DEVELOPMENT
AND CANDIDATE
PROJECT DEVELOPMENT

DEFINE POTENTIAL OF ALL
CONVENTIONAL SOURCES

=3

DEFINE POTENTIAL OF
DISCOVERED
UNCONVENTIONAL S50URCES
(PROBABLE SOURCES)
GROUP |

APPLICABLE
TECHNOLOGIES

PERFORM SURVEY OF

GAS INDUSTRY o

IDENTIFICATION OF MAJOR
CONSTRAINTS TO FULL
SCALE EXPLOITATION OF
EGR RESOURCES

T

¥

ASSESS STATUS OF

CLASSIFY AND ASSESS
POTENTIAL OF UNDISCOVERED
UNCONVENTIONAL
(POBSIBLE/PROBABLE)
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RECOVERY MODELS FOR L’.

SPEC{FICATION OF A&D
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HIGH PRIORITY
UNCONVENTIONAL
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POTENTIAL OF UNDISCOVERED

UNCONVENTIONAL
(SPECULATIVE)
SOURCES-GROUP Il
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DEFINE BASE AND
ADVANCED CASE
ENGINEERING
CONOITIONS FOR
GROUP |
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COLLECT PRODUCT!ION AND
RECOVERY MODELING DATA
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¥

SIMULATE PRODUCTION

GROUP | AREA TYPES

T -

AND ECONOMICS FOR i

Y
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Py

RESOURCE TARGETS

Y
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I. RESOURCE DEFINITION

As depicted in Exhibit 10 of the Executive Summary,
resource definition was the first step of the strategic
analysis supporting the recommended Department of Energy
(DOE) Enhanced Gas Recovery (EGR) R&D program. The objec-
tives of the resource definition step were threefold:

(1) assess the potential of conventional sources of natural
gas recovery and thus define the national need for enhanced
gas recovery, (2) classify and assess the potential (gas-
in-place) of the unconventional resource base to which the
EGR technology is applicable, and (3) gather necessary
engineering and geologic data to assess the recovery poten-
tial of the applicable unconventional resource base.

1. POTENTIAL OF CONVENTIONAL SOURCES AND THE NEED FOR EGR

The conventional natyral gas supply for the next few
decades will be produced from the following three primary
sources!: :

Proved reserves

Growth in proved reserves through developmental
drilling

New additions from exploration.

Proved reserves in the lower 48 states are estimated at
184 Tcf, and Alaskan proved reserves are estimated at 31.9
Tcf. Developmental drilling, which has accounted for 80
percent of the additions to reserves in the past, is esti-
mated ultimately to contribute 98 Tcf. New supply from
exploration is estimated to add 1.5 Tcf per year, and ul-
timately contribute 5.8 Tcf through developmental drilling
applications.

The projections that result from the combination of
these three sources indicate a continuing decline in gas
supply throughout the rest of this century (see Exhibit I-1).

See Appendix A for a detailed discussion of the conventional
natural gas reserves.

DRAFT



ANNUAL PRODUCTION - TCF

25—

20 -

15—

10—

' EXHIBIT I-1
Projected Production From Conventional Gas Reserves
(at Gas Price of $1.75/Mcf)

PRODUCTION
FROM NEW
DISCOVERIES AND
EXTENSIONS OF
NEW DISCOVERIESY

PRODUCTION FROM
PROVED RESERVESY

INFERRED TOTAL
RESERVESY
SOURCE

SUPPLY

1970
le——AcTuAL — /- PROJECTED '

1

2/

| 1 I I I
1975 1980 1985 1990 1995 2000

RESERVES OF CRUDE OIL, NATURAL GAS LIQUIDS AND NATURAL GAS IN
THE UNITED STATES AND CANADA AS OF DECEMBER 31, 1976, BY AGA/API/CPA.

BASED ON A RECENT LEWIN AND ASSOCIATES, INC., STUDY, ANALYSIS OF
THE TIMING AND TOTAL OF INFERRED RESERVES OF NATURAL GAS IN THE
CONTIGUOUS UNITED STATES, BY J. BRASHEAR AND F. MORRA.

BASED ON ONSHORE {LOWER 48} DISCOVERIES OF 1.0 TCF/YEAR AND
OFFSHORE (LOWER 4B) DISCOVERIES OF 0.5 TCF/YEAR, GROWING TO
3.9 AND 1.9 TCF RESPECTIVELY THROUGH DEVELOPMENTAL DRILLING.
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The national need for an expanded R&D program in EGR is
underscored by the combination of this projected decline in
conventional gas supply and the growing demand for natural

gas. This demand has been increasing at a significant rate
since the early 1970s.

2. CLASSIFICATION AND ASSESSMENT OF THE POTENTIAL
(GAS-IN-PLACE) OF THE DISCOVERED AND UNDISCOVERED,
UNCONVENTIONAL RESOURCES

Discovered (probable), unconventional resources are
presently contributing 1 Tcf per year to the domestic gas
supply (production from wells in the most favorable areas of
the tight gas sands and Devonian shales). It has been
estimated that this level could increase to over 2 Tcf
annually by 1990. Undiscovered, unconventional resources
are traditionally classified into three groupings':

(1) probable, (2) possible, and (3) speculative areas. The
probable areas are those in which new supplies of gas are
most assured of growing. The classification pertains to
the growth or expansion of existing producing fields and
includes new pools in productive discovered reservoirs and
shallow or deeper new pool discoveries within existing for-
mations. In addition, this classification also represents
the resource areas where significant data are abundant and
readily accessible.

The possible resource areas consist of new field dis-
coveries in geological formations that have proved productive
over the years. These new field discoveries are treated as
distinct from existing producing formations. The data that
exist in this classification were less specific and abundant
than the data for the probable classification. The esti-
mated gas-in-place assoclated with the probable and possible
areas is 864 Tcf.?

The speculative resource areas consist of previously
unproductive formations or provinces. New supplies from
these areas would be directly attributable to new and

Potential Gas Committee, Potential Supply of Natural Gas in the
United States, December 31, 1976, p. 1.

This estimate was derived from the Lewin Associates report,
Enhanced Recovery of Unconventional Gas-Volume II, February 1978,
and from the Federal Power Commission report, Subtask Force IV-Gas
in Tight Formations, March 1977.
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advanced exploration and production techniques. The specu-
lative resource areas are also characterized by a lack of
the engineering and geologic data necessary to assess re-
liably the recovery potential of the resources. Estimates

of gas~in-place are widely divergent and range from 1,000 to
6,000 Tcf.

The probable area of the discovered and the probable
and possible areas of the undiscovered, unconventional
resources were identified as the principal targets for the
development and application of improved EGR technology.
These resource areas were called Group I resources for the
purpose of the strategic analysis. The speculative areas
of the undiscovered unconventional resources, called Group
II resources for purposes of the strategic analysis, were
identified as the primary target for in-depth resource
characterization. Exhibit I-2 highlights the salient char-
acteristics of Groups I and II resource areas.

3. COLLECTION OF ENGINEERING AND GEOLOGIC DATA

(1) Group I Resources

An extensive data collection and analysis effort
was conducted to obtain the necessary geologic and
engineering data to assess reliably the recovery po-
tential of the possible and probable areas and to
serve subsequently as the primary basis for selecting
high-potential targets for the application of improved
EGR technology. The major kinds of data collected

. and analyzed for each of the four unconventional re-
source areas are summarized below.!

. Tight gas sands and Devonian shales

- Location/identification of possible and
probable areas with production potential
by basin, sub-basin or reservoir

- Geology/lithology, including formation
name, rock type, trap type, general
stratigraphy, and tectonics

Appendix B contains a more detailed description of the data col-
lected and the principal sources utilized in this effort.
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- Reservoir parameters, including depth,
thickness, number of zones, productive.
acres, porosity, permeability, and
initial reservoir pressure

- Water saturation

- Gas characteristics, including gas type
and reservoir gas gravity

- Development history (if available) of
the area and surrounding areas

- Gas volumes, including initial wet gas
in place and cumulative wet gas pro-
duction

. Methane from coal seams!

- Estimates of the unminable coal from
which methane can potentially be re-
covered encompass coal which is too
thin or too deep to be mined and is
subbituminous or higher in rank. There-
fore, these estimates included thin
coals averaging 15 inches but not ex-
ceeding 24 inches, and coals occurring
at depths between 3,000 to 6,000 feet.

- Estimates for methane recovery from
minable coal were based on the rate of
present and projected mining as opposed
to actual coal deposits that would be
drained. These estimates were therefore
derived from collected data on the number
of existing mines and the projected
mine openings required to meet projected
coal demand, on emission rates as deter-
mined from existing bituminous coal
mines, and on regional variations of
the first two factors.

The vastness of the coal resources in the United States pre-
cluded the type of basin/reservoir analysis that was employed
for the tight gas sands and the Devonian shales.
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. Geopressured aquifers!

- Identification of the major geothermal/
geopressured fairways in the onshore
Gulf Coast area (six prospective areas
in Texas and eight in Louisiana)

- Collection for each fairway of relevant
data on temperature, pressure, dissolved
solids, permeability, net pay, and areal
extent.

(2) Group II Resources

The Group II resources are characterized by lack
of sufficient engineering and geologic data to assess
reliably their potential. In most cases, little or no
drilling data exist, and only general geologic infor-
mation is available. Relying extensively on published
research and a minimum of new investigation, the EGR
Working Group? developed basic data on three broad
characteristics of the speculative areas of the four
unconventional resource areas as follows:

. Size of the speculative areas in terms of

square miles

. Estimated thickness of productive zones/
formations and gas concentration per unit
volume

. Volumes of gas-in-place and technically re-

coverable gas.

1 The data collection and analysis approach was essentially the
same as the approach pursued in the methane from ¢tbal resource
area.

2 The EGR Working Group consisted of representatives from DOE Head~

quarters; Federal Research Labs, including MERC, BERC, LLL, and
Sandia; and contractor organizations, including Booz, Allen &
Hamilton Inc., and Lewin and Associates. A complete list of the
working group representatives is available in Appendix C.
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As depicted in Exhibit 10 of the executive summary, the
basic geologic and engineering data were subsequently com-
bined with economic and cost information to develop estimates
of supply potential for the four unconventional resource
areas. Chapter II presents the details of this economic
evaluation of the unconventional resources.
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II. ECONOMIC EVALUATION OF RESQURCE

1. INTRODUCTION

The primary objective of this phase of the strategic
analysis was to assess the supply potential from the uncon-
ventional resources at various natural gas prices and under
different assumptions concerning the state of development of
EGR technology. There were four principal steps taken to
achieve this objective as follows:

Development of analytical recovery models

. Definition of a Base Case and Advanced (technology)
Case

Collection of necessary economic, financial, and
cost data to assess potential economic recovery

Exercising of the - analytical recovery models using y
as inputs the data from the previous two steps and “
projecting production levels and ultimate recovery

(for each unconventional resource) in the Base and
Advanced Cases at natural gas prices of $l 75,

$3.00, and $4.50 per Mcf.

2. DATA SOURCES

An extensive survey! of the natural gas industry pro-
vided the major data inputs used to assess the current
status of private sector EGR R&D and structure the project
economics model.? The survey encompassed 75 firms in the
production, transmission, and distribution sectors of the
natural gas industry and 13 major coal mining companies.

1 Refer to Appendix D for a comprehensive description of the indus-
try survey.

2 Booz, Allen & Hamilton Inc., Empirical Study of the Natural Gas
Industry, August 1977,
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The survey focused on corporate executives responsible for
the initiation, development, funding, and management of EGR
R&D in their respective firms. Additional inputs were ob-
tained by a significant expansion of the current DOE/Energy
Technology (ET) interface with the natural gas and coal min-
ing industries.

3. DEVELOPMENT OF ANALYTICAL RECOVERY MODELS

The assessment of the economic supply potential of the
tight gas sands and Devonian shales was conducted through
the exercise of three analytical models developed during
the course of the strategic analysis.! As depicted in
Exhibit II-1, Base Case and Advanced Case projections of
production rates and ultimate recovery at various gas prices
were developed from the reservoir simulation, project econom-
ics, and extrapolation/timing models. Exhibit II-2 pre-
sents the salient characteristics of these models as they
were applied to the analysis of the tight gas sands and
Devonian shales.

The models developed to assess the economic potential
of the geopressured aguifers and methane recovery from coal
seams were significantly less detailed than the analytical
recovery models for the other two unconventional resource
areas. The economic recovery model -for minable and unminable
coal seams was based on two important assumptions: (1)
thickness of the coal seam as the controlling variable and
(2) favorable levels for all other relevant geological param-
eters. Thus, the ultimate feasibility of significant econom-
ic recovery depended on finding coal deposits of sufficient
thickness. Exhibit II-3 delineates the other major assump-
tions employed in the methane recovery model.

In the case of the geopressured aquifers, the economic
recovery potential was assessed on the basis of a simple
investment payback model. The three principal steps in
this analysis included:

Refer to Appendix E for detailed descriptions of the analytical
models.
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EXHIBIT II-1
Analytical Framework Used to Assess the Economic Recovery
Potential of the Tight Gas Sands and Devonian Shales

RESERVOIR

Y

RESERVOIR CHARACTERISTICS

SIMULATION
> MODEL

TECHNOLOGY SPECIFICATION:

e BASE CASE
e ADVANCED CASE

l OUTPUT

PRODUCTION PROFILE PER FORMATION:

e BASE CASE
e ADVANCED CASE

\

ECONOMICS, FINANCIAL,

PROJECT ECONOMICS

Y

AND COST DATA

MODEL

ALTERNATIVE GAS
PRICES

AREAL EXTENT AND SUCCESS
RATE DATA

OUTPUT

ECONOMIC PRODUCTION PER WELL FOR:
o ALL GASPRICES '
e BASE CASE
o ADVANCED CASE

EXTRAPOLATION AND

- TIMING MODEL

OUTPUT

ULTIMATE RECOVERY AND PRODUCTION

FOR:
e ALL GASPRICES
e BASE CASE
e ADVANCED CASE
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EXHIBIT II-3
Major Assumptions Employed in the Assessment
of Economic Recovery Potential of Methane From Coal Seams

Parameter/Element Assumption

. Controlling Factors In . Thickness of coal seam
Economic Recovery

. Ability to find coal deposits
of sufficient thickness

. Deviated Well Costs
and Drilling Strategy . Total costs of $600,000

. Two wells drilled to

4,000 feet, then 1,000 feet
into coal bed

. Deviated wells are used to
connect the natural fracture

system
. Drainage Area - |- 72 acres
Methane Content . 480 cubic feet per ton or

0.019 Mcf per cubic foot
in bituminous and higher

grades
Recovery Efficiency . 80 percent
Gas Diffusion Constant . 5x 1078 cmz/sec
.v Nataral Fractures‘ . One foot centers (both butt

and face cleats)

Recovery Rates . For minable seams, rate was
calculated relative to

pace of current mining

and the opening of new mines

Economic Evaluation
Criteria . Maximum 10-year payback

DRAET =
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. Calculating the minimum methane content required
per barrel of produced water to pay operating and
water disposal costs!

. Determining the required production rate/methane
content combination required to pay back the

initial investment under high- and low-risk in-
vestment criteria

. Applying these production rate/methane content
threshold criteria to the most clearly defined
fairways in onshore Texas (six fairways) and
Louisiana (eight fairways).

Other major assumptions in the analysis included an 85-
percent recovery efficiency of methane dissolved in the

brine, 12.5 percent royalty payments, and 8 percent severance/
other taxes.

4. DEFINITION OF BASE AND ADVANCED (TECHNOLOGY) CASES

Two scenarios of EGR technology R&D (Base and Advanced
Cases) were developed in order to assess the ability of
Federally sponsored R&D to cost-effectively unlock the po-
tential of the Group I unconventional resources. The sce-
narios were important instruments which were subsequently
employed to address the trade-off between the use of market
forces (prices and taxes) and improved technology to aug—
ment domestic supplies of natural gas.

The Base Case reflects the current state-of-the-art
plus anticipated advances over the next 5 years in EGR
technology. The Advanced Case represents evolutionary
technological advances that hold reasonable promise of being
achieved through Federally sponsored, accelerated R&D. The
initial and principal step in the specification of these
two cases was a comprehensive assessment of the current
status and anticipated private sector R&D in EGR. Exten-
sive interaction with industry and the comprehensive

The analysis considered the production of methane as the primary
purpose but did not consider either the cost or the output value

of thermal or hydraulic energy recovery. This was done for two
reasons. First, the examination of thermal/hydraulic energy
recovery was specifically excluded from the scope of this effort.
Second, much of the area defined as being geopressured had tempera-
tures between 200°-300°F and thus had relatively low potential

for thermal energy output. (The thecretical thermal output at
200°F is about one-fifth of the thermal output at 325°F.)
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industry survey provided the primary basis for the assess-
ment. Exhibit II-4 delineates the more important f£indings
for each of the four unconventional resources. This data
base was then used to specify the primary geologic, engi-
neering, and economic parameters defining the Base and
Advanced Cases (Exhibits II-5 through II-7).

5. COLLECTION OF ECONOMIC, FINANCIAL, AND COST DATA

Traditional financial analysis methods were used to
estimate the portion of technically recoverable gas that
could be commercially produced at three prices. As pre-
viously discussed, the tight gas sands and Devonian shale
were analyzed using a discounted cash flow (NPV) model.
The geopressured aquifers and methane recovery from coal
seams were assessed via an investment payback model. The
core of these project economic models was the estimation
of the cash flow streams generated by the assumed levels
of capital investment. This positive cash flow stream was
{ established by multiplying the production for a year (from
: the production model of Exhibit II-2) by the appropriate
gas price and subtracting the relevant investment costs in
the initial year and operating costs, royalties, and allo-
cated costs in each yvear to the end of the well's produc-
tive life. The individual cash flows were thus derived as
a function of the following set of parameters:

Production as governed by geology and technology
. Natural gas prices ‘
. Investment costs
. Operations and maintenance costs

. Royalties, severance taxes, Federal and state
income taxes

Tangible and intangible costs

Depreciation

General and administrative costs.
The important characteristics and assumptions concerning
these data are displayed in Exhibit II-8. The primary

data itself were collected extensively from four major
sources: (1) historical records of individual companies,
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Existing Recovery Technology

EXHIBIT II-4

Unconventional
Resource Ares

Enhanced Gas
Recovery Technalogy

Major characreristics

Mistorical Effectiveness/Results

Tight Gas Sands

Massive Hydraulic
Fracturing

Creates a vertical fracture which intersecls
net pay for considerable distances (sometimes
as high as 1500-2500 feet).

Fracture is created by high pressure inlection
of fluids tkrough weli perforations.

Injection fluid also carries proppant (solid
particles) into the fracture to keep it open,

Fluid volumes rang> from 100,000 to 500,000 gal-
lons and sand volumes range from 200,000 to
1,000,000 1bs.

Fracturing of multiple intervals 1n same well
is possible.

This technology has beer effective Ln near
tight formations and in tight blanket aands.
Fracture lengtha have exceeded 1500 feet on
both eides of the wellbore.

Much remains to be learned in order to apply
MHF to lenticular sands.

Devonian Shales

"Shaoting"/Conver
tional Explosives

Creates a rubblized area around the wellbarc
and overcomes wellbore damage,

Typically improves initial open flows 4 to
6 fold.

Does not create fractures which extend a
sigrificant distance from the wellbore.

Small Hydraulic
Fracturing

Creates a vertical fracture whicl: lntersects
net pay for short distances from the wellbore
(typically 104-209 fevr).

Flumd volumes are typically 40,000 gallons and
sand volumis are typically 80,000 lbs.

Fracture typivally increases early recavery
rate by providing high perrcakility path ta
wellbore,

Fraclure places the wellbore in contact with

fracture porosity not contacted by shooting,
thus increasing ultimate recovery.
-

Recavery over shoating/conventional explosives
typically improves 40 to 53%.

Large improvements are more common ln wells
with shorter production lives.

Hethant From
Coal

vertical Borcholes
Drilled From Surface

Boreholes drilled inta coalbed from surface
with small diameter pipe (9 in. or leas)

Coal seam 15 hydraulically fractured with
fluids and sand.

Rate of methanc production depends on extent
of hydraulic fracture and methane content of
coal.

Production frum Appalachian coal seams rarely
exceeds 10D Mcf per day per well.

Deviated Holes Drilled
From Surface

Small diamerer borehole is drilled from sur-
face and deflected to parallel the coal seam.

Using this technigue maximizes the intersgction)
of the coal zleat systems.

Results to dale have been disappointing.

Recovery rates have been minimal and do not
justafy the excessive costs for deviated wells

Harizontal Boreholes
from Shaft Yottoums

A large shaft 1s drilled from the surface to
the coal sram,

Several horizontal holes are drilled into the
coal seam from the bottom of the shaft. Bore-
hole size is typically 3 inches.

Gas is collected in a manifold and piped to
the surfave.

Tests to date (Pittshburgh Coal Bed) indicate
that 100 Kcf of gas can be recovered over a
d4-year period from wach horizontal borehole.

Horizantal Boreholes
in Aective Mines

Small diometer horizontal barcholes are drilled
intu the coal scam 504 to 1000 feet as the
working face advances.

brilliny it typically performed 2 to 4 weeks
ahesd of mining,

Gas 15 collested in a mamfold and transported
by a pipeline to Lthe surface.

Praduction te date from harizontal boreholes
in advance af mining indicates an average
production of 100 #cf/day for 30 days.

Methane From
Geopressured
Aqui fers

Conventional Drilling
and Completion
Technology

Water Separation and
Reinjection
Equipment

Drilling and completion into geopressured
aquifers 1s accomplished with conventional
equipmert nclading drill riqs  casing, and
perforating.

Large Scale equipment for water separation and
reinjection has uut been developed or tested,

No commercial production has taken placa.
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state and local agencies, and industry associations; (2)
technical and economic literature; (3) comprehensive gas
industry survey; and (4) prior studies.

Three natural gas prices were employed to assess the
ability of the market mechanism to unlock the potential of
the unconventional gas resources and to assess the trade-
offs between higher gas prices and Federally sponsored R&D.
The $1.75 per Mcf price represented a deregulated estimate
of the current price, $1.43 per Mcf, while the $4.50 per
Mcf price was used as an upper level reflecting the price
at which synthetic gas becomes economically competitive.
The $3.00 per Mcf price represented the approximate price
at which gas was equivalent to imported fuel oil (account-
ing for the environmental cost advantages of gas over oil).

6. EXERCISING THE ANALYTICAL RECOVERY MODELS

Employing as inputs the geologic and engineering data
developed in the Resource Definition step of the strategic
analysis and the financial, economic, and cost data developed
in this step, the analytical recovery models were exercised
to estimate the annual production and ultimate recovery
levels for each of the four unconventional resources. These
estimates were developed for the three gas price levels and
for the Base and Advanced (technology) cases.

Exhibit II-9 demonstrates that the ultimate recovery
from the unconventional resources is approximately 70 Tcf
(Base Case) at $1.75 per Mcf. Raising the price of natural
gas increases ultimate recovery from about 70 to 110 Tcf
and raises the 1990 production rate from slightly over 2
to 3.5 Tcf. The increased price has a direct and signifi-
cant effect on gas production from the tight gas bhasins
and the Devonian shale but is insufficient to stimulate pro-
duction from geopressured aquifers and methane from coal
seams.

At a price of $3.00 per Mcf, however, an intensive
government-industry cooperative R&D program jointly insti-
tuted (Advanced Case) would increase ultimate recovery to
200-260 Tcf and raise annual production to over 8 Tcf by
1990. Thus, the greatest total production from unconven-
tional resources would accrue from a combination of improved
economic incentives and advanced technology. The higher
gas price ($3.00 per Mcf) combined with advanced technology
will enable gas producers to develop the less productive
areas of the Devonian shales in the Appalachian Basin and
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EXHIBIT 11I-8
Major Categories of the Economic, Financial,
and Cost Data Used in Assessing the
Economic Recovery Potential of the
Unconventional Resources

Category of Economic,
Financial, or Cost Data General Comments/Assumptions

Investment Costs

. Exploration Estimated by the equation,

1-P(8) Spacin g] Dry Hole

p(s) | * |23,040 Costs

where:

- P(S) is the likelihood of successful
drilling and is determined on a basin
specific basis

- Spacing is the number of acres
drained by one well

~ 23,040 acres = (36 square miles/
township) x (640 acres per square
- mile)

Drilling and Completion . Estimated by the equatién,
{e[intercept + (slope x depthn} X
{drilling and completion multiplier}

. 1975 Joint Association Survey published
data reported on a state and substate
district basis were updated by appro-
priate inflation multipliers

- Dry Hole . Dry hole costs for lenticular sands
computed by equation,

(dry hole rate) x (drilling and completion
+ stimulation costs)

where:

- 0.30 was estimated Base Case dry hole

rate
- 0.20 was estimated Advanced Case

dry hole rate
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EXHIBIT II-8

(Continued)
Category of Economic,
Financial, or Cost Data General Comments/Assumptions
(Continued) (Continued)

e

Dry hole costs for blanket formations
computed by equation,

(dxry hole rate) x (0.8) x (drilling
and completion costs)

where:

- 0.20 was estimated Base Case dry
hole rate

- 0.10 was estimated Advanced Case
dry hole rate

Stimulation . Current estimates of fracturing costs
obtained from a major service company

Linear fracture costs equations formu-
lated for tight gas sands via regres-
sion analysis

Linear fracturé cost model formula-

ted for Devonian shale based on produc-
tion company records; equation formula-
ted was,

Fracture cost = $23,500 + (3.12)x
(depth in feet) where the constant
term ($23,500) includes hauling,
cementing, CBL logs, separator, tool
rental, clean-up, and a 1,000 bbl
sand/water fracture and the variable
term [(3.12) (depth in feet)] reflects
the cost of the required 4 inch casing

Lease and Well 3
Equipment . Historical lease and well equipment costs @
on a region/basin basis were developed
through 1974 and updated to June 1977
levels by appropriate inflation multi-
pliers

Compressor Equipment . Estimated by the equation,

($440) x (108) x

[Sum of production in the first 3 years}
{3) x (3G5) x (1,700 bbl)
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Category of Economic,
Financial, or Cost Data
(Continued)

EXHIBIT II-8
(Continued)

General Comments/Assumptions
(Continued)

Operations and Maintenance
Costs

. Basic 0O&M Costs

Compressor Oﬁerating
Costs

DRAET

where:

~ $440 is investment cost of one in-
stalled horsepower

- 108 is the estimated horsepower
requirement for the compressor

. No compressor costs included for
Devonian Shales, because these costs
were expected to be included in the
rate base of the gas utilities

Estimates based on data from 2,000
wells .

Costs include normal operating expenses,

--surface repairs, maintenance expenses,
subsurface repairs and maintenance ex-
pense, field overhead, and ad valorem
taxes

. Annual costs were expressed as logarithmic
functions of depth for each region accord-
ing to the egquation,

12 x [e intercept + (slope x depth)]

Estimated according to the equation,

(annual production) x [0.024 + (0.097) x
(fuel price)]

where:;

- 0.024 is the estimated incremental
operating and maintenance costs of
a two stage compressor (estimated
at $0.012 per Mcf/per stage)

- (.097 x fuel cost) is the estimated
fuel costs for the Btu reguirements
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EXHIBIT II-8

(Continued)
Category of Economic,
Financial, or Cost Data General Comments/Assumptions
(Continued) (Continued)

Royalties . Estimated at 12.5 percent of gross-
value of production and paid in the
year produced

Severance Taxes . Estimated based on current state

severance tax rates and based on value
of production after royalty

Allocation of General anad

Administrative Costs . Estimated as 20 percent of total

operating and maintenance costs plus
10 percent of investment costs (in
the year of investment)

Tangible Costs, Intangible

Costs, and Dzpreciation . Tangible costs estimated at 30 per-

cent of drilling and completion costs

- for production wells and depreciated
using the unit of production deprecia-
tion method

Intangible costs estimated at 70 per-
cent of drilling and completion costs
for production wells

Costs of stimulation, exploration, and
dry holes are expensed

Fedéral and State Income
Taxes . Federal income tax rate of 48 percent

applied; Federal taxes reduced by
accrued investment tax credits

State income taxes calculated using
current rates

Capital Investment Criteria
and Thresholds . Net present value criteria used for
tight gas sands and Devonian Shales;
nominal discount rates of 26 percent

and 16 percent were used in the Base
and Advanced Cases respectively
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EXHIBIT II-8

(Continued)
Category of Economic,
Financial, or Cost Data General Comments/Assumptions
(Continued) (Continued)

Payback criteria used for geopressured
aquifers and methane from coal; thresh-
0ld level used was maximum 10 year
payback

Natural Gas Prices . Three price levels employed (51.75,
3.00, and 4.50 per Mcf); price stated
in 1977 dollars and assumed maintained
in constant dollars throughout analysis
period
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EXHIBIT II-9
The Potential of Gas From Unconventional Sources
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provide a threshold price for beginning production from
geopressured aguifers and methane from coal. 1In the tight
gas basins, it will enable industry to exploit the more
difficult portions of the target. As shown in Exhibits
IT-10 and II-11, the unconventional gas resources, already
providing about 1 Tcf per year, could provide (under ad-
vanced technology and acceleration) from 3 to 4 Tcf in 1985
and from 6 to 8 Tcf in 1990 (at $1.75 and $3.00 per Mcf,
respectively). Thus, unconventional sources of natural gas
could be an important and economically attractive source for
additional domestic gas supplies. The results of the apal-
ysis (summarized above) are presented below for each of the
four unconventional resource areas.

(1) Tight Gas Sands

Production from the tight gas basins was found to
be sensitive to increases in gas price and to advances
in technology (Exhibits II-12 and II-13). Under cur-
rent and near-term (Base Case) technology, industry is
expected to produce substantial quantities of natural
gas from these basins. At $1.75 per Mcf, nearly 70 Tcf
will ultimately be recovered; annual production by 1990
is expected to exceed-2 Tcf. Improvements in the
technology (Advanced Case) further increase recovery to
150 Tcf at $1.75 per Mcf and to 180 Tcf at $3.00 Tcf.
Ultimate recovery then becomes relatively insensitive
to price after this point. Technological advances also
increase the annual rate of production by 1990 to 6.3
Tcf ($1.75 per Mcf) and to 7.7 Tcf ($3.00 per Mcf).
Higher prices beyond $3.00 per Mcf add little to the
1990 production rate.

(2) Devonian Shales

As in the tight gas basins, ultimate recovery and
production appear sensitive to gas price and technology
(Exhibits II-14 and II-15). As shown in the exhibits,
additions to ultimate recovery range from less than 2
Tcf ($1.75 per Mcf) to about 8 Tcf. At $4.50 per Mcf,
ultimate recovery increases to 10.5 Tcf in the Base
Case. Base Case annual production in 1990 increases
from 0.1 Tcf at $1.75 per Mcf to about 0.3 Tcf at $3.00
per Mcf.

Under the Advanced Case assumptions, ultimate re-

covery at $1.75 per Mcf increases from 2 Tcf to over 4
Tcf in the Base Case. At $3.00 per Mcf, ultimate

DRAFT =
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ADDITIONS TO ULTIMATE RECOVERY [TCF}
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EXBIBIT II-12

Base and Advanced Case Ultimate Recovery
From the Tight Gas Basins at Three Prices
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EXHIBIT II-13

Annual Production From the Tight Gas Basins to the
Year 2000 (At $1.75 and $3.00 Per Mcf)
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Devonian Shale Ultimate Recovery (at Three Gas Prices)
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EXHIBIT II-14
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Annual Production From the Devonlian Shale
to the Year 2000 (at $1.75 and $3.00 per Mcf)
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recovery rises to 16 Tcf (versus about 8 Tcf in the
Base Case). At $4.50 per Mcf, ultimate recovery would
range from 18 to 40 Tcf. This range reflects geolog-
ical uncertainties in the possible areas where little
is known about the intensity of the natural fracture
system. Advanced Case annual production in 1990 is
estimated at 0.2 to 0.3 Tcf ($1.75 per Mcf). Increased
price ($3.00 per Mcf) is estimated to increase annual
production in 1990 to approximately 0.6 to 1.0 Tcf.

(3) Methane From Coal Seams

In general, the Appalachian Basin coal seams are
too thin and too lean in methane content to support
methane recovery economically on their own. Any esti-
mates of recovery need to parallel closely the pace of
mining and the opening of new mines. Assuming a vig-
orous installation of methane emissions recovery facil-
ities in the "gassy" coal mines, the following pro-
duction benefits could accrue:

Price Per Mcf
Recovery/Production 51.75 $3.00 $4.50

Ultimate (30 Year) Recovery,

in Tcf 1.1 1.6 1.6

Annual Production Rates, in

Tcf/Year :
1985 0.02 0.02 0.02
1990 0.04 0.05 0.05
1995 0.04 0.07 0.07

Cumulative Recoverxy by the
Year 1990, in Tcf 0.2 0.2 0.2

The analysis of methane recovery from deep, un-
minable coal seams using deviated wells provides the
following estimates of recoverable methane as a func-
tion of natural gas price:

Recoverable
Price/Mcf Methane (Tcf)
$1.75 , 0-10
$3.00 0-20
$4.50 0-25
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Because of the speculative nature of the resource
base and the uncertain capacity of existing technology
to exploit it economically, only a range of estimated
recovery can be made at this time. No estimates have
been made of production rates. All of the recovery is
assumed to accrue from a joint public-private research
and development program since there is little evidence
of Base Case activity.

(4) Geopressured Aquifers

Although estimates of the gas-in-place in these
reservoirs have been large, the essential gquestion was
not the total size of the resource but the portion that
may be technically and economically recoverable. The
analysis of the available data on the geopressured
resources base! provided the following estimates of
economic potential as a function of gas price:

Recoverable Gas Total

Technically Recoverable Gas-in- 60
Place (Tcf)

Economically Recoverable Gas at:

$1.75/Mcf 0
$3.00/Mcf . 1.0-28.0
$4.50/Mcf 5.0-43.0

Beyond the gquantities estimated from using available resource data,
still greater potential may exist in Texas and central Louisiana.
Further, the research work on geopressured methane has intimated a
second resource target that may be associated with geopressured
aquifers—free methane in excess of that in the saturated reservoir
brines. Should either of these conditions be proved by further
research, the economic potential of geopressured aguifers may
substantially increase.
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Because of the very preliminary state of develop-
ment of this resource, no producticn rates have been
projected. It is unlikely that these resources will
be developed without continued, active collaborative
government-industry research and development.

As indicated in Exhibit 10 of the Executive Summary,
the next step in the strategic analysis was the development
of the specific R&D strategy and candidate projects which
could unlock cost-effectively the estimated potential of
the unconventional gas resources. Chapter III focuses on
this step of the analysis.
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III. STRATEGY FORMULATION AND CANDIDATE
PROJECT SET DEVELOPMENT

1. INTRODUCTION

The purpose of the strategy formulation and project
development section was to identify specifically and char-
acterize a set of feasible EGR projects that have the
greatest likelihood for realizing the potential of the un-
conventional gas resources. As shown in Exhibit 10‘of the
Executive Summary, there were four steps to accomplish the
objective as follows:

. Identify major constraints to development
Formulate strategies to overcome the constraints
. Determine a set of high-potential projects

. Completely characterize projects in terms of

their primary attributes.

2. IDENTIFICATION OF MAJOR CONSTRAINTS TO FULL-SCALE
EXPLOITATION OF UNCONVENTIONAL -RESOURCES

The survey of the natural gas industry proyided the
primary input into the identification of the major con-
straints to full-scale exploitation of the unqopvenFlonal
resources. The industry survey focused on utlllzat}on and
expansion of the current DOE/Bureau of Mines (BOM) inter-
face with the natural gas and coal mining industries.
Senior administrative, financial, and technlcal_exgcutlvesy
representing 92 firms in the production, transmlsS}on, .
distribution, and mining segments of gas and coal 1ndu§tr1es,
were interviewed. These executives were instrumental in
monitoring their companies' interface with the Fe@eral .
Government concerning enhanced gas recovery, shaping their
firm's capital investment strategy, and formulating ap-
propriate programs.

Open-ended discussions with a wide variety.oﬁ thgse
corporate representatives resulted in the identlf}catlon
of the following five major categories of constraln?s or
barriers to increased exploitation of the unconventional
resources:
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. Technical risks
. Economic/capital market constraints

. Materials and equipment availability
. Environmental constraints
. Institutional and other external constraints.

In general, institutional and other external factors
were stressed as most seriously constraining full exploita-
tion of the unconventional resources. Price regulation,
lack of stable national energy policy, and uncertainties
over future Federal regulatory and environmental policies
were identified as major problem areas. Technical risks
were also identified as possible major constraints but did
not approach the level of priority assigned to the institu-
tional factors. Economic and capital market constraints
and environmental constraints were given equal significance
but less important when compared to technical constraints.
Materials and equipment availability were identified as
least significant and were stressed as near-term impacts.
These detailed results of the identification and assessment
focus of constraints are described below for each of the
four unconventional resource areas.

-

(1) Geopressured Aéuifers

Geopressured aquifers were singled out by industry
as the unconventional resource possessing the greatest
constraints to full-scale commercialization. The
institutional, technical, and environmental risks and
constraints were considered by industry as being com-
parable in severity. The most important individual
problems identified included:

Corrosion, subsidence, and reinjection

Insufficient reservoir sizes to generate
favorable economics

Water disposal

Artificially depressed prices for natural
gas.

The other categories of constraints were con-
sidered much less important.
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(2) Methane From Coal Seams

This unconventional resource area was identified
by industry as the second most difficult area in terms
of the existence of significant constraints and bar-
riers to full-scale exploitation. In total, the con-
straints were considered as being much more signifi-
cant than those incurred in the Devonian shales and
tight gas sands. Economic/capital market and insti-
tutional constraints were considered more significant
than technical and environmental constraints. Major
problem areas and uncertainties identified by industry

included the following:
Gas ownership problem

. Stringency of Mine Safety & Health Adminis-
tration and state safety regulations

. Marginal economics in all but very "hot'
mines

. Limited markets—lack of nearby pipelines
or internal_use.

(3) Devonian Shales

The Devonian shales ranked next in terms of the
severity of identified barriers to full-scale exploi-
tation of the resource. Institutional constraints,
particularly regulated price, were stressed as being
significantly more important than any of the other
classes of constraints, risks, or obstacles. These
institutional constraints included:

. Marginal economics (based on current price),
rather than technology, was considered the
major obstacle to development.

. Many firms stated that an increase in gas
prices to the $2.00-2.50/Mcf range would
lead them either to initiate or to increase

their activity significantly in the Devonian
shales.




Technical risks were cited as the second most
important set of constraints and were followed by
economic and capital market constraints. Examples of
specific technical risks are as follows:

. Uncertainty over the size of the resource
base and suspicion that the recoverable
reserves are much lower than currently esti-
mated were considered to be the major tech-
nical risks.

Problems caused by hydraulic fracturing in
shale because of the effects of water on
the clay were also cited as major technical
problems.

The remaining categories of constraints were
identified as approximately comparable in severity.

(4) Tight Gas Sands

This unconventional resource area was identified
by industry as having the least severe constraints
to full-scale exploitation. Institutional constraints
were stressed as the most significant. Lack of trained
manpower and insufficient price for gas were identified
as two general constraints.

Technical risks and environmental constraints
were identified as comparable in severity. Major
technical problems included the following:

. Heterogeneous reservoirs with different
lateral and vertical conditions

Uncertainty over the resource base—reservoir
locations and gas-in-place

. Inability to keep the fracture in the pay
zone.

Environmental issues, equipment/materials avail-

ability, and economic/capital market constraints were i
not seen as major or insurmountable problems.
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3. SPECIFICATION OF R&D STRATEGIES/ACTIVITIES TO OVERCOME
OR SUFFICIENTLY MITIGATE THE CONSTRAINTS

Six major categories of strategies! were developed to
overcome or sufficiently mitigate the 51gn1f1cant commer-
cialization constraints identified in the prev1ous step.
These categories included the following:

Resource characterization and appraisal

. Development of improved diagnostic tools

Development and improvement of enhanced gas
recovery technology

Testing the demonstration of improved enhanced
gas recovery technology

Overcoming -enhanced gas recovery nonprocess
constraints

Stimulation of technology transfer.

4. COMBINING STRATEGIES WITH HIGH-POTENTIAL TARGETS TO
PROVIDE CANDIDATE R&D PROJECT SET

The geologic, engineering, and production data from
the "Resource Definition" and "Economic Evaluation of the
Resource" steps of the strategic analysis were analyzed in
more detail to identify a smaller set of high-potential
target areas from each of the four unconventional resource
areas.

The developed strategies were then "applied" to these
high-potential target areas to formulate a specific set of
candidate EGR projects. 1In this process, high-potential
targets that were hindered by constraints that could not
be sufficiently mitigated by the strategies were eliminated
from further consideration. The resultant set of 21 candi-
date projects consisted of two primary categories, Group I
projects and Group II projects. The 17 Group I projects

Six major categories were originally identified. During the
development of the candidate set of projects, however, the six
categories were condensed into four categories that were directly
applicable to the high-potential targets.
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consisted of the application of improved EGR technology to

the possible and probable areas of the unconventional re-
sources. The four Group II projects entailed the engineering/
geologic characterization of the speculative portions of the
unconventional resources. The primary objectives of the

Group II projects are to obtain the necessary engineering

and geologic data to assess reliably the economic potential

of these speculative areas. The Group I and Group II proj-
ects are described in Exhibits III-1 and III-2.

5. COMPLETE SPECIFICATION AND CHARACTERIZATION OF CANDIDATE
PROJECTS

After selection, the candidate projects were comprehen-
sively characterized by two main factors: (1) the principal
classes of R&D activities and (2) a homogeneous set of per-
formance parameters (major costs, benefits, and impacts)
which DOE program managers used as the primary basis for
the allocation of Federal R&D dollars. For the Group I proj-
ects, these R&D activities included the following:

Developing and implementing technology for re-
source characterization

Conducting field tests to improve various EGR
technologies

Conducting recovery tests and performing economic
studies to verify economic feasibility

Disseminating all findings of the above activities
to industry.

For Group II projects, the R&D activities were all related
to in-depth characterization of the unconventional resource
base. They included: ’

Extensive review of published geologic and tech-
nical literature

Collection of pertinent geologic and engineering
data '

Resource characterization drilling.
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EXHIBIT III-1

Group I Project Descriptionsl

Unconventional
Resource Area

Project Name

Target Area

Tight Gas Sands .
(See Exhibit ITI-3
for geographic
locations)

Tight, Blanket Gas Formations

Greater Green River Basin,

Full Program
Uinta Basin, Full Program

Piceance Basin, Full Program

Other Tight Lenticular Sands

Low Permeability, Shallow
Gas Sands

Tight, Shallow Gas Sands

-

Shallow Near Conventional
Gas Sands

Other Low Permeability
Reservoirs

Cotton Valley Trend (southern
Arkansas, eastern Texas,
northern Colorado

Denver Basin {eastern Colorado)

San Juan Basin (western
Colorado and northwestern
New Mexico)

wWind River Basin (Wyoming)

Quachita Mountains Province
(central Arkansas and eastermn

Oklahoma)

Greater Green River Basin
(Wyoming)

Uinta Basin (Utah)
Piceance Basin (Colorado)

Sonora Basin (west Texas)

Douglas Creek Arch {western
Colorado}

Big Horn Basin (northern
Wyoming)

Williston Basin of the Northern
Great Plains Province
(Montana)

Williston Basin of the Northern
Great Plains Province
(Montana)

Williston Basin of the Northern
Great Plains Province
{Montana)

Bruckner-Smackover Limestone of
the Cotton Valley Trend
(ecastern Texas and northern
Louisiana)

Devonian Shales .
(See Exhibit III-4
for geographic
locations)

Dual Completion of Marginal

Devonian Shales - Chio

Deep Appalachian Front Area

Define Potential of Deep
Devonian Shales

Improve Recovery Efficiency
in Productive Devonian Shale

Other Devonian Shale Basins

Brown shale sequences of the
Ohio Shale Formation (Ohio)

Middle Devonian brown/black
shales (W. Virginia, Penna.)

Harrell and Marcellus Formations
{Pennsylvania and New York)

Upper Devonian brown/black
shales (eastern Kentucky and
western West Virginia)

Illinois Basin (western Kentucky|
southwestern Indiana and south
central Illinois)

Michigan Basin (Michigan, north-
ern Indiana and Ohio)

Methane From Coal .

{See Exhibit TII-5
for geographic
locations)

Geopressured Aquifers .

(See Exhibit ITI-6
for geographic
locations)

Methane From Minable Coal -

Appalachian Basins

Methane From Unminable Coal

Geopressured Aquifers, Full

Program

Pittsburgh, Pocahontas No. 3,
Pratt, and Kittanning Coalbedq
(Appalachia)

Deep Coal Deposits (Colorade,
Wyoming, ULah, and New Mexrico)

Tertiary Age Formations
Gulf Coast)

(Texas

Miocene and Upper Cretacecous
Formations (Louisiana and
Mississippi Gulf Coast)

1

Refer to Appendix F for more thorough and detailed descriptions

of Group I projects.
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. EXHIBIT III-5
Coal Deposits of the Continental United States

200 400 600 MILES

o ANTHRACITE AND SEMI |
ANTHRACITE
B2 BITUMINOUS (UNDIFF.)

LOW-VOLATILE BITUMINOUS, .
B MEDIUM. AND HIGH-VOLATILE BITUMINOUS
SUBBITUMINOUS AND LIGNITE {UNDIFF.)
SUBBITUMINOUS

EJ LIGNITE
* ISOLATED OCCURRENCE OF COAL OF UNKNOWN EXTENT
A — ANTHRACITE B — BITUMINOUS

S —SUBBITUMINOUS L — LIGNITE

Source: TIllinois State Geological Survey, Place of Coal in the Total
Energy Needs of the United States, p. 4.
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EXHIBIT I1I-6
Locations of Possible Geopressured Zones

EXPLANATION . v . y
DEPTH OF OCCURRENCE IN 94°‘""‘“—“-{ 900 : g6c \
METERS BELOW MEAN SEA LEVEL | J ! '
N :
: &\\ 1500 \ LOUISIANA ‘,(\'005‘“‘& DEpO'SIT ALABAMA > .
s :
3000 2 )

- 300

4500 — —— -
\FLORIDA
]

OF  CONTINENTAL
‘1‘ ’
' GULF OF MEXICO 0 100 200
' * Kilometers
- 269 260~
MEXICO
- 1 1 1
SOURCE: D.G. BEBOUT, PROCEEDINGS OF SECOND GEOPRESSURED GEQTHERMAL ENERGY i
CONFERENCE, VOL. |, SUMMARY AND FUTURE PROJECTIONS, p. 6.
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(1) Group I Performance Parameters

The homogeneous set of performance parameters
used to characterize the Group I projects was develop]
on the basis of significant feedback from public sectier
managers involved in the formulation, management, ang
assessment of the EGR R&D program. The objective of
this process was to select carefully those parametersg
which clearly depict the projects in terms of their
ability to meet overall program objectives as well ag
to contribute to the realization of national goals ip
the natural gas area. Consequently, each of the candj-
date Group I projects was characterized in terms of
six major performance parameters:

. Environmental impacts
Socioeconomic impacts
. Incremental production

Incremental ultimate recovery
Direct DOE funding - 5-year budget
Industry Base Case cumulative production,

These parameters are defined and described in
detail in the ensuing paragraphs. In addition, the
specific values of these performance parameters for
each of the candidate Group I projects is presented
in Exhibit III-7.

1. Environmental Impacts

Virtually all of the candidate Group I proj--
ects had associated environmental impacts of
varying degrees. For purposes of the strategic
analysis, it was impossible to quantify accurately
all of the potential environmental impacts and estj-
mate the costs required to overcome or mitigate
the negative impacts potentially associated with
full commercial-scale versions of the projects.
Thus, the costs were represented in terms of a
gualitative scale which reflected the ease (and
thus the cost) of technology implementation from
an environmental standpoint. The qualitative
scale consisted of the following five broad clasge:
of measurement:!

Appendix G presents a description of the process by which the
qualitative scale for environmental impacts was developed.
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. Class I - Most Favorable: The proposed
project will result in positive environ-
mental benefits to the region affected.

Class I1 - Favorable: The proposed proj-
ect will not adversely impact regional
environmental conditions.

Class III - Slightly Unfavorable: The
proposed project will result in temporary
adverse environmental impacts.

. Class IV - Unfavorable: The proposed
project will result in certain adverse
but controllable environmental impacts.
Special efforts will be required to reduce
these impacts.

Class V - Unachievable: The proposed
project cannot be conducted because of
the severity of environmental impacts
or the strict regulations prohibiting
such activity. (None of the Group I
projects fell into this category.)

It was impossible to guantify the costs re-
guired to reduce the environmental impacts which
may result with projects falling into Categories
III and IV (no projects fall into Category V).
Additional insight is provided, however, in col-
umn 2 of Exhibit III~7 by a listing (in the form
of an alphabetic code) of the environmental fac-
tors which potentially may have the most severe
impact on the full-scale commercialization of each
project. The alphabetic code used is defined as
follows:

Water Regquirement

Water Disposal

Gaseous Emissions
Hazardous Substances
Noise Levels :
Geohydrological Impacts
Land Modifications
Ecosystem Impacts
Aesthetic Degradation

HEiaaHEOO oY
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| (@ (3)
Incremen
Environ- Bocioeco~
Pro- [mental  homic S1.75/Maf
Unconventional ject fmpact  [Impact (4a) (4b) (
A Project Name Class* lass* :
Resource Area ] No. 1985 1990 1
. ow-Permeabilit Shallow ‘
Tight Gas Sands QWw-ESHNE ¥ 1 |111 C IV A,B 0.0 0.0 (
Methane from Mineable Coal
Methane from Coal | Appalachian Basins 2 |III B IIT F <0.05 <0.05 <y
Tight Gas Sands Tight Blanket Gas Formationg 3 |IITI C III A 0.6 1.5 :
- 4 | 11 III A 0.0 0.1 |
Geopressured Geopressured Aquifer, Full :
Aguifers Program 5 IV G,H I NA** NA ]
. Other Low Permeability {
Tight Gas Sands Reservoirs 6 II II 0.0 0.1
Tight Gas Sands Tight, Shallow Gas Sands 7 |IITI C 1V A,B 0.0 0.0
, Dual Completion of Marginal ‘
Devonian Shale Devonian Shales Ohio 8 IV B,C |III G 0.1 0.2 |
i Greater Green River Basin
Tight Gas fands Full Program 9 [II1 A IV A,B 0.4 0.8 !
) Piceance Basin, Full
Tight Gas Sands Program 10 |IIT A IV A,B 0.1 0.2
Methane from Unminable
Methane from Coal | Coal 11 III A IV A,B NA#** NA
Devonian Shale RgeR Appalachian Front 12 |111 B IV F,G | 0.0-<05| 0.0-0.1 |0.
) Define Potential of Deep
Devonian Shale Devonian Shalesg 13 |II1I B III F 0.0 0.0 '
) Shallow, Near Conventional
Tight Gas Sands Gas Sands 14 |IITI C IV A,B 0.1 0.2 <1
Tight Gas Sands Other Tight Lenticular Sandz 15 II JIT A 0.1 0.4 i
mprove Recovery Efficienc .
Devonian Shale iinroguctgve ngonian Shales lo |III B IIT F 0.0 0.0
Tight Gas Sands Uinta Basin, Full Program 17 |IITI A IV A,B 0.5 0.8
Devonian Shale Other Devonian Shale Basins 13 1IT B TI 0.0-0.5 0.0-0.2 |0.
*Class - I Most Favorable **NA = Not Availab]
11 Favorable :
IIT Slightly Unfavorable i
IV Unfavorable

V Unachievable



Performance Parameters for Group I Projects

EXHIBIT III-7

SURVEY FORM
Performance Parameters
(4) (5) (6) (7)
ental Annual Production Incremental Ultimate Recovery Industry
(Tef) Direct DOE (Tcf) Base Case
Panding - 5 Cumulative
$3.00/Mcf Year Budget Production

I T R B

1995 1985 19290 1995 1977 $) 51.75/Mcf $3.00/Mcf $4.50/Mcf $1.75/Mcf

0.2 0.0 0.0 0.2 6.2 1.3 1.3 1.3 0.2
- 0.05 <0.05 0.1 0.1 26.2 1.1 1.6 1.6 0.0

1.2 0.4 1.2 0.8 25.0 27.4 15.2 15.5 5.9

0.1 0.1 0.1 0.1 68.0 1.5 2.6 3.8 1.1

NA NA MA NA 100.9 - 0.0 1.0 - 28.0| 6.0 - 37.0 0.0

0.0 0.1 0.3 0.2 6.5 0.9 5.1 1.6 1.0

0.0 <0.05 0.1 0.2 9.3 0.0 7.6 10.0 0.0

0.1 0.1 0.3 0.3 29.3 2.6 6.0 6.0 - 8.8 |<0.05

0.6 0.4 0.9 0.7 44.7 14.8 16.7 16.3 0.8

0.2 0.2 0.5 0.3 29.8 5.0 8.6 10.3 0.1

NA NA NA NA 24.1 0.0-10.0 0.0-20.0 0.0-25.0 0.0
2.0-0.1 0.0-0.1 0.0-0.2 0.0-0.2 6.5 0.0-1.8 0.0-4.5 0.0-4.5 0.0

0.0 0.0 0.0 0.0 25.1 0.0 0.0 0.0-6.7 0.0
< 0.05 0.1 0.3 <0.05 5.5 0.8 2.3 1.7 4.0

0.6 < 0.05 0.2 0.3 17.8 15.5 8.9 8.3 1.5

0.0 0.1 0.2 0.1 10.0 0.0 1.7 2.1 0.0

0.5 0.5 1.0 0.6 44.8 13.9 15.5 15.3 0.4
3.0-0.2 0.0-0.1 0.0-0.4 0.0-0.3 22.4 0.0-3.7 0.0-7.6 0.0-7.6 0.0
ble (could not be estimated due to significant uncertainties in the resource base and its

technological development)
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2. Socioeconomic Impacts

As in the case of environmental factors,
the candidate Group I projects have associated
with their commercial-scale development a wide
variety of socioeconomic effects which poten-
tially impact directly on their development and
full-scale commercialization., While the DOE pro-
gram in EGR cannot be expected to mitigate di-
rectly or overcome negative socioeconomic impacts
only through technology development funding, the
internal allocation of these dollar resources
must take full cognizance of the level of these
potential socioeconomic effects and potential
impacts on commercialization of the EGR technology.

The socioeconomic parameter was specified
as a gqualitative scale which consists of the
following five broad categories of measurement:!

. Class I - Most Favorable: The proposed
project will result in positive socio-
economic benefits to the region affected.

. Class ITI - Favorable: The proposed proj-
ect will not adversely impact regional
socioeconomic conditions.

. Class III - Slightly Unfavorable: The
proposed project will result in temporary
adverse socioeconomic impacts.

. Class IV - Unfavorable: The proposed
project will result in certain adverse
but controllable socioeconomic impacts.
Special efforts will be required to
reduce these impacts.

. Class V - Unachievable: The proposed
program cannot be conducted due to the
severity of socioeconomic impacts or
to strict regulation prohibiting such
activity. (None of the Group I projects
fell into this category.)

See Appendix G for a description of the process by which the
qualitative scale for socioeconomic impacts was developed.
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As in the case of the environmental impacts,
it was impossible to quantify the public sector
costs which may be regquired to mitigate some of
the more adverse socioeconomic impacts which may
result with projects falling into Categories III
and IV (no projects fell into Category V). Addi-
tional insight, however, is provided in column 3
of Exhibit III-7 by a listing (in the form of an
alphabetic code) of the socioeconomic factors
which may potentially have the most severe impact
on the full-scale commercialization of each proj-
ect. The alphabetic code used is defined as
follows:

Labor Force Requirements
Population Impacts

Income Level

Housing

Commercial and Service Facilities
Local Government

Community Services

Transportation

Land Use ‘

Infrastructure

gHTDTOERH-UOOD P

3. Incremental Production

Production benefits are industry's antici-
pated exploitation of the resource, given the
increased geologic understanding and advancement
of the technology that would result from accom-
plishing the goals of the respective projects.
The estimates are incremental in that they are
over and above the Base Case levels of exploita-
tion expected to be accomplished by industry in
the absence of a Federal technology development
program.

The numbers in columns 4a-4f of Exhibit
III-7 are point estimates (and, in some cases,
ranges) of the annual incremental production
at three key dates (1985, 1990, and 1995) re-
sulting from DOE-sponsored technology develop-
ment. The numbers are expressed in trillions of
standard cubic feet (Tcf)! and are presented for
two price levels [$1.75 per thousand cubic feet
(Mcf) and $3.00 per Mcf].

One Tcf is approximately equivalent to one quad.
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4, Incremental Ultimate Recovery

Incremental ultimate recovery is the total
anticipated incremental reserve additions from
a target resource that would result from accom-
plishment of the goals of the respective projects.
As such, it is a suitable measure of maximum po-
tential benefits of a particular technology de-
velopment project.

The numbers in column 6 of Exhibit III-7
represent point estimates (in some cases, ranges)
of the anticipated incremental recovery result-
ing from DOE-sponsored technology development.
Again, they represent recovery (expressed in Tcf)
above and beyond that expected from industry's
efforts (Base Case), excluding any DOE technology
development funding.

5. Direct DOE Funding - 5-Year Budget

The number in column 5 of Exhibit ITII-7
represents the total 5-year DOE budget required
for each candidate EGR project. The numbers are
expressed in terms of millions of 1977 constant
dollars and do not include the industry portion

of those candidate projects which are cost-shared.

As discussed previously, these DOE funding levels
do not include the costs to reduce the environ-
mental impacts (if any) which may result in some
projects, nor do they address the public sector
costs which may be required to mitigate some of
the more adverse socioeconomic impacts which

may result.

6. Industry Base Case Cumulative Production

This performance parameter represents the
cumulative production (from now until 1990) antic-
ipated to be realized on the basis of private
sector activity in the absence of a Federal tech-
nology development program. The parameter is an
indicator of anticipated industry (Base Case)
exploitation of the resource.

DRAFT =



7. Other Project Impacts

The set of performance parameters previously
described are important from a standpoint of proj-
ect characterization and differentiation. The
set, however, is recognized as not being compre-
hensive. Other potential benefits of these proj-
ects, such as increased technical knowledge,
could not be easily measured and then translated
into manageable terms. The majority of the param-
eters excluded from direct measurement tended to
be qualitative in nature and were thus considered
when arriving at a final recommended EGR program.

(2) Group II Performance Parameters

The Group II projects were characterized on the
basis of four performance parameters as shown in
Exhibit III-8:

Gas-in-place
. Technically recoverable gas
. Speculative area
. Direct DOE funding -~ 5-year budget.

The parameters are described in the followihg sections.

1. Gas~in-Place

These estimates were based on a simple volu-
metric analysis—gas content per unit volume multi-
plied by volume of material. This parameter
presented "upper bound" estimates of the overall
potential of the speculative portions of the
unconventional resources but did not address the
technical and economic feasibility of recovery.

2. Technically Recoverable Gas

The amount of technically recoverable gas
was determined by applying the ratio of cumulative
production/gas—-in-place values for each Group I
area to the range of gas-in-place for each Group
IT area. The parameter thus presents (by analogy)
very rough estimates of the volume of gas recover-
able with current technology but did not consider
the economics of such potential recovery.

DRAFT ==
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3. Speculative Area

Square miles of speculative area in each
resource type were estimated from a variety of
sources including USGS resource data; Bureau of
Mines data; and data from the University of Texas,
DOE/Headguarters, MERC, and BERC/Las Vegas. This
parameter presented another rough estimate of
the size of the speculative portions of the un-
conventional resources and also served to focus
the magnitude of the resource characterization
efforts required.

4. Direct DOE Funding - 5-Year-Budget

This parameter represented the DOE funding
reguirement for the first 5 years of the Group IT
projects. The funding levels encompassed two
major project components—base geology and a
drilling program. Base geology costs encompass
the collection of basic geologic data in the.
speculative areas. Among others, activities in-
clude well 1log studies, mapping, and outcrop
sampling. The drilling program costs primarily
encompass resource characterization drilling,
principally core collection. The cost estimate
for the drilling component only includes activities
which will be performed within the 5-year time
frame of the overall program. A more comprehensive
and aggressive rescurce characterization effort,
which would significantly increase the total por-

" tion of the speculative resources addressed, would
encompass drilling activity extending over an 8-
to 1l0-year time frame at a moderately higher level
of total funding than the 5-year budget require-
ment.

Chapter IV presents the important features of the next
step in the strategic analysis—establishment of priorities
among the 21 candidate EGR projects.
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IVv. ESTABLISHMENT OF CANDIDATE PROJECT PRIORITIES

1. INTRODUCTION

Establishment of priorities among the 21 candidate
programs (as depicted in Exhibit 10 of the Executive Sum-
mary) was the next major step of the strategic analysis.
The objective of this prioritization was to provide EGR
program managers with specific insights concerning the
potential impacts of constrained budget levels on the tim-

ing, composition, and amount of benefits associated with the
recommended EGR program.

In accomplishing this objective, two steps were employed:

. Performance of an analytical survey to establish
priorities among Group I projects

. Conduct of in-depth interviews to determine pri-
orities among Group II projects and also between
Group I and Group II projects as a whole.

Both the analytical survey and personal interviews were
addressed to a select group of 11 key DOE/ET decisionmakers

who were responsible for planning and implementing the EGR
R&D program.

2. FORMULATION AND RESULTS OF THE ANALYTICAL SURVEY

The analytical survey was constructed to provide in-
sights as to the preferences of the key DOE/ET managers
among the Group I projects and to obtain specific recommen-
dations as to how trade-offs among the various project
benefits, costs, and impacts should be made.

The survey participants (1l key DOE/ET decisionmakers)
were given a list of the Group I projects (unidentified by
name) and the estimates for the key performance parameters
(see Exhibit III-7). Based upon the information presented,
the decisionmakers ranked and scored each of the candidate
Group I projects.?

1 Appendix H contains the analytical survey form and set of instruc-
tions which were given to each of the 11 key DOE/ET participants.
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Once the surveys were completed, a detailed statistical
analysis was performed.! The analysis revealed that the
Group I projects fell into five priority groupings (see
Exhibit IV-1l). The analysis identified two important
methodological findings, as follows:

Priorities among these Group I projects could
statistically be determined only on the basis of
groups of projects (Category I implies highest
priority and Category V implies lowest priority).

. Within each grouping, the projects were equal in
terms of priority.

As depicted in Exhibit IV-2, the three performance
parameters which were used most frequently by the survey
participants as the single most important factor in estab-
lishing Group I project priorities included:

Incremental annual production of gas in 1985 at a
price of $3.00 per MCF

Incremental annual production of gas in 1985 at a
price of $1.7 per MCF

Incremental ultimate recovery of gas at a price of
$3.00 per MCF.

In addition, Exhibit IV-3 shows that the following two per-
formance parameters were among the top three most frequently
used by survey participants to prioritize the Group I proj-
ects:

. 5-Year DOE budget required for each project, and

Incremental ultimate recovery of gas at a price of
$3.00 per MCF.

The results of the statistical analysis of the Group I
analytical survey then served as a major input to the second
step of the analytical methodology.

1 Appendix I presents the details of the statistical analysis of the
analytical survey results. The major results of that analysis are
presented here in the text.
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EXHIBIT IV-2

Frequency of Single Most Important Performance
Parameter Used in Ranking Group I Projects
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PERFORMANCE PARAMETER NUMBER*

Legand*
1. Environmental Impact
2. Socioceconomic Impact
3. Incrementa! Annual Production (Tef) 1985 @ $1.75/Mcf
4, Incremental Annual Production (Tcf) 1990 @ $1.75/Mcf
5. Incremental Annual Production (Tcf) 1995 @ $1.75/Mcf
6. incremental Annual Production (Tcf) 1985 @ $3.00/Mcf
7. incremental Annual Production (Tcf) 1990 @ $3.00/Mcf
8. Incramental Annual Production (Tef) 1995 @ $3.00/Mcf
9. DOE Funding- 5 Year Budget

10, Incrementsl Uitimate Recovery (Tcf) @ $1.75/Mcf
11. Incremental Ultimate Recovery (Tcf} @ $3.00/Mcf
12, Incrementsal Ultimate Recovery (Tcfl @ $4,50/Mcf
13. Industrial Base Case Cumulative Production by 1990 @ $1.75/Mcf

Note: In two cases where participants employed ratios to derive their project
evaluation parameters, each of the ratio components was counted in the
determination of the frequency of parameter used.
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EXHIBIT IV-3
Performance Parameters Most Frequently
Among the Top Three Used to Rank Group I Projects
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PERFORMANCE PARAMETER NUMBER*

* LEGEND

1. Environmental Impact

2. Socioeconomic Impact

3. Incremental Annual Production (Tcf) 19856 @ $1.75/Mcf
3 4, Incremental Annual Production (Tcf) 1990 @ $1.75/Mcf

5. Incremental Annual Production (Tcf) 1995 @ $1.75/Mcf

6. Incremental Annual Production (Tcf) 1985 @ $3.00/Mcf

7. Incremental Annua! Production (Tcf) 1990 @ $3.00/Mcf

8. Incremental Annual Production (Tcf) 1995 @ $3.00/Mcf

9, DOE Funding - 5 Year Budget

10. Incremental Ultimate Recovery (Tcf) @ $1.75/Mcf
11, Incremental Ultimate Recovery (Tcf) @ $3.00/Mcf
12, Incremental Uitimate Recovery (Tcf) @ $4.50/Mcf
13. Industrial Base Case Cumulative Production by 1990 @ $1.75/Mcf

Note: In two cases where participants employed ratios to derive their project

evaluation parameters, each of the ratio components was counted in the
determination of the frequency of parameter used.
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3. FORMULATION AND RESULTS OF INTERVIEWS

A set of structured interviews was constructed to
provide insights as to the preferences of the 11 key DOE/ET
decisionmakers between Group I and Group II projects and
among the Group II projects.! 1In the interviews, the
decisionmakers provided specific recommendations as to how
trade-offs (at alternate budget levels) between the two

group§ of projects and among the Group II projects should be
made,

Prior to the interviews, the participants were supplied
with the following data:

. Results of the Group I project prioritization

. Description of each of the four Group II projects
(identified by resource base)

. Estimates of gas-in-place, technically recoverable
gas, speculative acreage, and budget

. Discussion of the differences between Group I and
II projects. '

Based on this previously supplied information, the partici-
pants were then asked to first allocate five specific 5-year
budget levels ($100, $200, $300, $400, and $500 million)
between Groups I and II, and second to allocate five speci-

fic budget levels ($25, $50, $100, $150, and $200 million)
among the four Group II projects.

The detailed statistical analysis of the interview
results indicated a strong preference by the decisionmakers
for Group I projects over Group II projects at all five
budget levels.3 The proportion of total budget allocated to
Group I projects varied insignificantly (77.3 to 77.9 percent)

Appendix J contains a thorough description of the process and forms
utilized to conduct the personal interviews.

Nine of the eleven decisionmakers interviewed provided specific

gquantitative data concerning their trade-offs at alternate budget
levels.

Appendix I contains the details of the statistical analysis. The
major results are presented here in the text.
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over the five budget levels (see Exhibit IV-4). The esti~
mated production and recovery benefits associated with the
five budget levels are illustrated in Exhibit IV-5. These
figures were derived by mechanically applying the Group I
budget allocations (indicated by the DOE/ET decisionmakers
and previously presented in Exhibit IV-4) to the Group I
projects in descending order of project priority until the
budget allocation was exhausted.

In addition, a detailed analysis of the interview
results pertaining to the allocation of Group II funding (at
each of the five budget levels) among the four unconven-

tional resources indicated the lack of any consistent
pattern.

At each budget level, the allocations among the four
resource areas were statistically indistinguishable. Thus,
for example, at the $300 million budget level, the alloca-
tion of the Group II component ($60.6 million) was on the
average divided equally among the Devonian shale, tight gas
sand, geopressured agquifers, and methane from coal seams
projects. This result occurred because of the wide diver-
gence of opinion among the DOE decisionmakers concerning
allocations among Group II projects. The potential benefits
by resource area of these Group II budget allocations, as
measured in terms of percentage of speculative resources
characterized, are presented in Exhibit IV-6.

As depicted in Exhibit 10 of the Executive Summary, the
last step in the strategic analysis consisted of final
program selection. Chapter V presents the detailed results
and important highlights of this step.
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DOE 5 YEAR FUNDING LEVELS FOR GROUP | & GROUP |1 PROJECTS
(1IN MILLIONS OF CONSTANT 1977 DOLLARS

DRAE

EXHIBIT IV-4

Average Total Dollar Allocation to

Group I and Group II Projects!

GROUP
I
{$393.1)
400 ~ 7_§._6%
GROUP
350 1
($316.3)
79.1%
300 -
GROUP
I
250 (230.4)
7g§T
2001 GROUP
1
~($154.4)
77.3%
150 - ——
GROUP
1
GROUP GROUP {$106.9)
1
100 - b
($79.9)% GRICI’-U" ($83.7)
9.5% GROUP ($60.6)
1
50 -~ GROUP ($45.5)
1
($20.1)
' NN i W
100 200 300 400 500

TOTAL DOE 5 YEAR BUDGET LEVELS
(IN MILLIONS OF CONSTANT 1977 DOLLARS}

1The budget aliocations between Group | and Group |l projects displayed in this

Exhibit represent the averages derived from the interviews conducted with

11 keay DOE/Energy Technology managers responsible for the planning and management

of the EGR program.

2Flepresants the proportion of total DOE 5-yesr budget allocated to Group | projects.
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EXHIBIT IV-5
Incremental Annual Production of Group I
Projects at Alternative 5-Year Budget Levels

6.0 1990 AT $3.00/Mcf

5,0{ P

o

4.0 —

3.0 +

2,0 1985 AT $3.00/Mcf

INCREMENTAL ANNUAL PRODUCTION (Tcf)

0.0 T T T T 1
GROUP | 5 YEAR BUDGET 79.9 164.5 239.4 316.3 393.1

(TOTAL DOE 5 YEAR BUDGET) (1000 (200.0) (300.0} (400.0) (600.0)

-

150.0 .
140.0 ]
130.0 T
120,0 —
110.0 —
100.0 —
80,0 —

80.0 -J
70.0 -—l
60.0 —
§0.0 —
40,0 —

INCREMENTAL ULTIMATE RECOVERY (Tcf)

30.0 o

0.0 T T l T 1
GROUP | 5§ YEAR BUDGET 78.8 154.5 2394 316.3 393.1

(TOTAL DOE 5§ YEAR BUDGET) {100.0) {200.0) {300.0) {400.0 {500.0)

1The production and recovery estimates for each budget lave! were derived by mechanically
applying the Group | funding allocations to the 17 Group | projects {Exhibit 1.2) In
descendIng order of priority, The actusl recommended program at any of these five budget
tavels will depend, of course, upon & sat of key qualitative and programmatic factors
which have not yet been explicitly considered in the strategic analysis,
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Percentage of Speculative Resource Characterized
for the Five Budget Levels of Group II Projectsl

EXHIBIT IV-6
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. ($10.2) I 1691 \;

E {$12.5) q \

O . §

i ($6.1)2 \ \

& r"'""l SSS & R \\ RX
GROUP || BYR BUDGET® 20.13 45.54 60.6 83.7 106.9
(TOTAL BYR DOE {100) (200) (300} {400) {500}
FUNDING) MILLIONS OF CONSTANT 1977 DOLLARS

DEVONIAN \\< TIGHT GAS GEOPRESSURED [T i METHANE FROM UNMINABLE
SHALE & SANDS ~{AQUIFERS H COAL SEAMS

The Group |l project for aach nonconventional resource ares consists of two components: basic geologic studies

and drilling. The basic geologic component for each project represents a fixed cost which must be funded before
any drilling can be initiated. The funding requirements (basic geologic component) are: $10 miliion sach for tight

ges sands, Devontlan shale, and coal seams; $5 million for geopressured aquifers,

area.

The numbers in parentheses are the average dollars {in millions} allocated to each Group || project by resource

A total of $14.7 milllon of the $20.1 million was allocated, on average, to basic geologic studies in the Devonian

shales, tight gas sands, and methane from coal seams. Only in the case of the geopressured resource was the
allocation sufficient to cover the fixed cost for basic gaologicel studies and also provide funding for drilling.
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This total Includes $9.2 million for basic geologlc studies in the methane from coal seams area,
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V. FINAL PROGRAM SELECTION

1. INTRODUCTION

The objective of the final phase of the strategic plan
was to refine the 21 high-potential Group I and Group II
projects into a final 5-year DOE EGR R&D program. Three
steps are involved in this refinement process as follows:

Conduct trade-off analysis to assess the ability
of the set of high-potential R&D projects, higher
gas prices, and a combination of R&D and higher
gas prices to significantly increase gas produc-
tion from unconventional sources.

Perform a profile analysis (by comparing the ten-
tative recommended program with current DOE EGR
program) to identify and review indicated new
program thrusts.

Incorporate key gualitative and programmatic fac-
tors which were not explicitly included in the
analysis and prioritization of the set of 21 high-
potential R&D projects.

2. TRADE-OFF ANALYSIS

The trade-off analysis took into consideration the
relative merits of the proposed EGR R&D program versus non-
R&D incentives and R&D in other related energy areas.

Numerous non=-R&D incentives, such as the following,
could have an effect on the rate of unconventional resource
development:

Increase prices to a level which is high enough
to bring on a new threshold of resources

Promote deregulation of gas in general or of
specific gas resource areas to promote develop-
ment of unconventional resources

- DRAFT



. Provide limited tax incentives, such as depletion
allowances and higher investment tax credits, to
industry for developing unconventional gas resourt

. Implement loan guarantees for the commercial de-
velopment of unconventional gas resources.

Since technical problems associated with unconventiona:
recovery represent a significant barrier to the rapid de-
velopment of these resources, the above incentives are
viewed to a large extent as having only a limited effect on
accelerating the recovery of EGR resources in the short
term. For the unconventional gas sources, higher prices
(or other improvements in economic incentives) can substi-
tute for improved technology but only up to a limit. Using
economic incentives alone, however, appears to provide less
than the optimum public policy choice. 2an advanced tech-
nology strategy (Advanced Case), at either §1.75 per Mcf or
$3.00 per Mcf, is the preferred choice. As indicated in th
following table, the Advanced Case provides substantially
more gas than the current Base Case at all examined gas

prices.
Base Case Advanced Case
Ultimate 1290 Production Ultimate 1990 Production
Price/Mcf | Recovery Rate Recovery Rate
(Tcf) (Tcf/Year) {Tcf) (Tcf/Year)
$1.75 70 2.3 155-170 6.6 .
$3.00 110 3.5 200-260 8.3
$4.50 120 3.8 210~240 B.5

An advanced technology strategy in combination with a
gas price of up to $3.00 per Mcf offers a large amount of
gas at a relatively low cost to the public. Under the Base
Case, 3.5 Tcf per year would be produced in 1990. Ultimate
recovery would be 110 Tcf, with 22 Tcf produced by 1990.
Under the Advanced Case, the production rate from uncon-
ventional sources could reach 8 Tcf per year in 1990.
Ultimate recovery would be 200 to 220 Tcf; with nearly 50
Tcf being produced by 1990. The energy cost to the public
would be $600 to $660 billion ultimately.
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Obtaining comparable quantities of gas from other
sources would impose a higher energy cost on the public
and place additional pressure on the balance of payments.
Even assuming comparable quantities could be obtained at
$4.00 to $5.00 per Mcf,l the energy cost to the public

would be $800 to $1,100 billion ultimately, with signifi-

cant portions being paid to other governments, at least

in the initial year. These findings are shown on the fol-

lowing table.

Additions to Energy Cost
Economic Domestic Gas Supply to the Public
Considerations By 1990 Ultimate By 1990 Ultimate
(Tcf) (Billions)
Advanced Case Enhanced
Gas Recovery (at $3.00
per Mcf) 50 200-260 150.4 600-780
Substitute Energy Case
(at $4.00 to $5.00 per
Mcf) 50 210-240 200-250 840-1200

The Advanced Case strategy is also more cost effective

than using economic subsidies in excess of real market
prices. The analysis in the preceding section was bounded
by market-level prices for natural gas of up to $3.00 per

McfE.
gas

However, as in the case of imported liquefied natural
(LNG), the Government could consider a price of $4.50,

and thus a subsidy of up to $1.50 per Mcf,? to stimulate
production from unconventional gas sources. The analysis

Assuming the cost of imported gas is at $2.50 to $3.00 per Mcf,
Alaskan gas at $3.00 to $5.50 per Mcf (including transportation),
liquefied natural gas (LNG) imports at $4.50 per Mcf, and coal
gasification at $4.50 to $5.50 per Mcf. The analysis of supplies
from conventional gas resources due to higher prices was beyond
the scope of this strategic analysis.

Again, the price of gas {or its economic equivalent) is expressed
in 1977 dollars and held constant for the period of analysis; a
$4.50 price in 1977, held constant with respect to 6 percent in-
flation, would be $7.20 in 1985 dollars and the $1.50 subsidy
would be $2.40.
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under the Base Case shows only very limited price elastic-
ity between $3.00 to $4.50 per Mcf—total supply increases
by 10 Tcf, from 110 to 120 Tcf-—and at a high cost to the
public. In addition, the analysis of the Base Case is
based on empirical evidence and projections that have been
built on evolutionary changes in gas prices up to about
$3.00 per Mcf. At higher gas prices (particularly if they
are guaranteed or subsidized), it is likely that industry
will increase its near-term investment in R&D, and thus
accelerate the production of the unconventional sources.
In this case, one can defer public investment in R&D. 1In
return, however, this will impose a considerable cost
(from $180 to $360 billion) to the public. At these prices,
gas recovery could range from 120 to 240 Tcf, depending on

how industry's R&D initiatives respond to the price incen-
tives.

Stimulating a $0.4 billion investment in R&D to attain
200 to 220 Tcf (assuming a market price of $3.00 per Mcf)
is more cost effective and certain than spending $180 to
$360 billion in public subsidies to obtain 120 to 240 Tcf

(assuming a subsidy of $1.50 per Mcf over the same market
price of $3.00 per Mcf)

. These findings are shown in the
following table. o
Ultimate Additional Cost
‘ Recovery to the Public

Economic Considerations (Tcf) (Rillions)
R&D with a $3.00/Mcf Market Price 200~220 . 0.4t
Public Economic Subsidy of
$1.50/Mcf Over a $3.00/Mcf Market
Price 120~240 180~-360

Constant 1977 dollars
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3. RECOMMENDED 5~YEAR EGR R&D PROGRAM

Exhibit V-1 presents the recommended, unconstrained
5-year DOE EGR R&D program. Implementation of the full
program requires $596.9 million. This program consists
of three major components:

Group I projects
Group II projects
Environmental and Support Activities.

The Group I projects consist of the application of
improved technology to the possible and probable areas of
the unconventional resources. The majority of the 17
Group I projects entail cost-sharing with the private sec-
tor. The total DOE cost to implement these projects is
$434.1 million over a 5-year period. The corresponding
industry costs total $135.9 million. The four Group II
projects entail the engineering—-geologic characterization
of the speculative portions of the unconventional resources.
The primary objective of these projects is to obtain the
necessary engineering and geologic data to realistically
assess the economic recovery potential of such speculative
areas. The Group II projects require $108.52 million to
implement, and entail 100-percent funding by DOE.

The environmental and support activities require §$54.3
million over a 5-year period and generally fall into the
following four areas:

Environmental studies and mandated program docu-
ments (e.g., Environmental Development Plan)

Technology transfer!

! Each of the individual Group I projects already contains specific
technology transfer activities. The technology transfer activities
specified here under the heading of "Environmental and Support
Activities," relate specifically to DOE Headquarters functions and

planning.
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EXHIBIT

v-1

Department of Energy Comprehensive Research and

Development, Enhanced Gas Recovery Program
GROUP I PROJECTS
DOE Funding DOE Annual Funding Incrementa’ Incremental Incremental Incremental
5 Year Budger [ (Millions of Constant 3977 5) [ Ultimate Annual Mnual Annual
Rhenource Area Hame (Millions of Year | Year [Year [Year [ Year | Recovery Production Production Production
Lonatant. 1377 §) i 2 3 4 5 |(Tef@§I/Mcf) {(Tcf in 1985 {(Tcf in_1990) (Tcf in 1995)
$1.75/Mcf  $3.00/Mct B1.75/mcf  $3.00/Mcf]$1.75/Kct 3. MC 2
Tight Gas Sands| Tight, Blanket Gas 25.0 5.5 5.5 5.5 5.5 l.0 15.1 0.6 0.4 1.5 1.2 1.2 0,8 '
Formations
Tight Gas Sands| Greater Gresn River Basin, 44.7 7.6| 9.0 9.0| 9.0]10.1 16.7 0.4 0.4 0.8 0.9 0.6 Q.7 ;
Full Program
Tight Gas Sands| Other Tight, lLenticular 17.8 3.4 4.1 4.1 4.1 2.1 8.9 0.1 0.0% 0.4 0.2 0.6 0,3
Sands
Tight Gas Sands| vinta Basin, Pull Program 44.8 7.6 9.0 9.0 9 10.2 15.5 [ -1 0.5 0.8 ] 0.5 0.6
Tight Gas Samds| Piceance Basgin, Full 29.8 50| €.0| 6.,0] 6.0| 6.8 8.6 0.1 0.2 0.2 0.5 0.2 0,3 ¢
Program
Tight Gam Sands| Other Low-Permeability 6.5 2.2 2.0| o,3| 0.9| 0.5 §.1 0.0 0.1 0.1 0.1 0.0 0,2
Maservoirs
Tight Gas Sands| Shallow, Near Conventional 5.5 1.1 1.2] 1.2 1.0] 1.0 2.) 0.1 0.1 0,2 0.3 0.95 0.05
Gas Sands .
Tight Gas Sands| Tight, Shallow Gas Sands 2.0 2.0 2.0 1.7 1.6 7.6 0.05 0.0 0.1 0.0 0.2
Tight Gas Sands| lLow Permeability, Shallow 6.2 1] 1. 1.4 1.3 l.0 1.3 . 0.0 9.0 0.0 0.2 0.2
Gas Sands
Devonian shale | Dual Completion of 29,3 5.9] 7.0| 6.4| 5.3 4.7 6.0 0.1 a.l 0.2 0.3 0.1 0.3
Marginal Devonian
Shales, Ohio
Devonlan Shale | Other Devonian Shale 22.4 4.5] 5.4 4.9| 4d.0] 2.6 0.0-7.6 0.0-0.% 0.0-0.1 | 0.,0-0.2 0.0-0.4 | 0,0-0.2 0,0-0,3
Baxins
Devonian Shale Deep Appslachian Front €.5 1.5 1.8 1.5 1.0 0.7 0.0-4.5 0,0- 0.05 0.0-0.1 0.0-0.1 G.0-0.2 | 0,0-0,1 0,0-0.2
Ares
Devonian Shale | Improve Recovery Effa- 10.0 2.4 2.4 1.9 1.9 1.4 1.7 0.0 0.1 0.0 0.2 a.0 0.1
ciency in Productive .
Devonian Shales
Devonian Shale | Define Potentia) of Deep 25.1 5.8 7.0 5.4 4.0 z.% a.p 0.0 0.0 0.0 0.0 0.0 0.0
Devonian Shales
Hethane From Methane From Minable 26,2 2.1 4.4 6.5 6.6 6.9 1.6 0.05 0.05 0.05 a.l 0.05 0.1
Coal Cosal-Appalachian Basins
HMethane From Hethane From Unminable 24,1 1.1] 4.1 6.2 7.2| 5.5 0.0-20.0 NA NA NA NA NA NA
Coal ! Coal-Western Basins
Geopressured Geopressured Aqurfers, 100.9 23,3 | es.e| 2303 61| 1220 1.0-28.0 NA NA RA NA NA HA
Muifers .Full Program
GROUP 1 TOTALS 434,1 82,83 97.9( 95.6( 84.4|73.3( 9U1.%-1%0,0 | 1.90-2,50 1_.90-2.25 4.25-4.55 5.1-5,7 | 3.5-3.8 3,85-4,35
GROUP II PROJECTS
DOE Funding DOL Annual Fundaing Technically
. S Year Budget | t{Millions of Constant 1977 5) Speiulative Area Gas In Place Recaverable
Resource Area Name {M1llions of Yuar | Year [ Year| Year] vuar {8quare M.lcs) {Tef) Gar
Constant 1577 S 1 2 k] 4 kl {Tcf)
Devonian Characterization of the 27.11 q.43| 5.43] 5.4 G40 S04 150,000 200-300 40-450
Shales Speculative Areas of the
Devonian Shales
Tight Gas Sands Kharacterization of the 27.11 SLAN[ Y.at| 9.4 48] wadn 132,364 290-700 100~35%0
Speculative Areas of
Tight Gas Sands Formation
Geopressured Charactarization of the 27.11 9.4 5.43 ) 5.4 S A4 61,000 320-4800 10-500
Aguifers Speculatlve Areas of the
L Geopressured Aguifers
Hethane From haracterization of the 27,13 S4Y] b, a0 | S.4Y L.Q4] Boay W00 $Q0-500 . 20-250
Coal Speculative Areas of
Deep Coal Seams ol g
GROUP IT TOTALS 108,92 21,7 | 21.7 [21.7 |2Y.7 | 21,7 670,369 1010-6970 210-15%0
st
DoL Funding DOE Annual Funding 3
5 Year Budget | (Millions of Constont 1977 §) '
(Killions of [ Yeas | Year | Year] Yea:[ Year '
Congtant 1977 § 1 3 a 4 K
Environmental and Support Services 54,2 10.8| 10.8 | 10.8] 10.8] 10.6
EGR FPROGRAM TOTALS 596.92 115.4(130,4 [128.1|116.5[105,0
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. Expansion of the knowledge basel

. General contractor support.

Exhibits V~2 and V-3 depict the target levels of pro-
duction and ultimate recovery (at various gas prices). As
delineated previously, these goals include an increase in
ultimate recoverable gas of from 82 to 97 Tcf (at $1.75),
and from 92 to 152 Tcf (at $3.00) above the Base Case.

This represents an increase in annual gas production of
2 Tcf above the Base Case by 1985. It is important to
emphasize several of the more prominent factors and assump-

tions upon which the program is based. These include the
following:

. The methodology employed to develop the proposed
program depends on the various estimates of major
engineering, geologic, and economic variables
which characterize specific unconventional re-
source areas and individual projects. Such esti-
mates, while consistently derived, are subject to
judgment and change as more is learned about the
technical, economic, and institutional aspects of
EGR. While widely divergent opinions and esti-
mates concerning these major variables abound,
the strategic analysis serving as the foundation
for the recommended,unconstrained program took
into consideration and utilized only those data
which were fully supported by empirical evidence,
historical precedent, and/or sound geologic-
engineering theory. The recommended program con-
tains a set of activities ("expanding the knowledge
base") which focus on a detailed and continuous
review, reevaluation, and additional investiga-
tion of the comprehensive analysis from which the
recommended program was derived. As significant
new insights are obtained, these will be incor-
porated into the EGR program strategy in the course
of the anticipatgd regular reviews.

During the course of the strategic plan development, significant
differences of opinion surfaced concerning the potential of certain
unconventional resource areas and the ability of alternative tech-
nology approaches to economically unlock the resources. The tech-
nical uncertainties clearly demonstrated the need for continuing
refinement, review, and further investigation in the development

of the recommended program. Thus, the recommended 5-year program
contains funding for these "knowledge base expansion" activities.
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. The recommended program stresses a balance between
near-term production goals and the need to assess
more carefully the total economic potential of

the speculative portions of the unconventional
resources.

. The individual projects delineated in Exhibit V-1
represent broad classes of focused R&D activities.
They are not, however, so finely defined as to be
field or reservoir specific. The final definition
of these projects will be the major focus of sub-
sequent implementation planning.

. Major environmental and socioeconomic factors
bearing on the rate of commercialization were
explicitly considered in program development.
These factors were incorporated into a set of
aggregate indices which described their poten-
tial impacts on the development and commerciali-
zation of individual projects.! In-depth assess-
ment of the environmental and socioeconomic im-
pacts, realistic estimates of the costs to miti-
gate the more significant factors, and the devel-
opment of the overall strategy for environmental
and socioeconomic guality assurance are major
elements of the subsequent implementation plan
phase.

As depicted in Exhibit V-4, the. recommended, uncon-
strained 5-year program contains R&D projects in each of
the four major unconventional resources. DOE funding re-
quirements and percentages are as follows:

. Tight Gas Sands - $216.7 million (36 percent of
the total program)

Devonian Shale - $120.4 million (20 percent of
the total program

. Methane from Coal Seams - $77.4 million (13 per-
cent of the total program)

. Geopressured Aquifers - $128.0 million (22 per-
cent of the total program).

The remaining $54.3 million (9 percent of the total program)

. consists of the environmental and program support activities.
" _

Refer to Appendix G for complete details on the environmental and
socioeconomic factors.
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4. PROFILE ANALYSIS

The recommended, unconstrained program represents a
significant increase in annual DOE EGR funding requirements
($119.3 million on the average versus $25.6 million for the
current program in FY 78). As shown in Exhibit V-4, there
are significant funding increases for each of the uncon-
ventional resource areas and engineering and support acti-
vities. The annualized costs for the tight gas sands
represent an eightfold increase above the current level.
For. the other three unconventional resources, the annualized
funding requirements associated with this program range
from 35 percent (Geopressured Agquifers) to 100 percent
(Devonian Shales) above FY 78 levels.

In terms of relative funding levels, this program
represents a significant shift in emphasis toward the tight
gas sands resource areas, which comprise 36 percent of the
total funding requirements, as opposed to the ll-percent
figure under the FY 78 budget. Devonian Shales, while
significantly increased under this program in terms of
annual funding levels, represent approximately 20 percent of

the total program, as opposed to 26 percent under the FY 78
budget. -

The relative shift in emphasis reflects the importance
attached by key DOE managers to the significant near-term
production potential associated with the tight gas sands.
As indicated in Exhibit V-1, the incremental ultimate
recovery for the tight gas sands, which could be unlocked
by a combination of high gas prices ($§3.00 per Mcf) and
federally sponsored R&D, is significantly greater than the
economic recovery potential for Devonian shales. Also,
the program shows significant annual increases in funding
for methane from coal and geopressured aquifers. These
increases were not as large as those for the tight gas
sands and Devonian shales, but still reflect the importance
of a more accelerated effort to solve technology and re-
source characterization problems associated with methane
drainage from coal seams and production from geopressured
agquifers.
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5. INCORPORATION OF KEY QUALITATIVE AND PROGRAMMATIC
FACTORS

To make the transition from the recommended, uncon-
strained EGR program to a final EGR program, specific bud-
get, qualitative, and programmatic factors must be incor-
porated into the analysis. Presently, the analysis is
continuing to evaluate and incorporate the following factors.

Historical and Anticipated Budget Levels. This
unconstrained, recommended 5-year plan reflects
but does not duplicate the DOE-funded R&D activ-
ities in certain areas in recent years. The
recommended plan attempts to carry on signifi-
cant work that has already begun and tends to
emphasize those projects which have met with

some success and deemphasize those which were

not effective. Budget levels designed for tech-
nology and resource type must be implemented

to reflect these concerns. Since this recommended
5-year program was constructed on an unconstrained
basis, development of a final program will have

to conform to real budget limitations.

Program Diversification Requirements. The DOE/ET
mission includes development of a variety of tech-
nologies and resource types in EGR. This mission
requires that the greatest emphasis be placed on
the most promising resources. It also calls for
significant R&D in marginal areas as well. This
emphasis is, to a great extent, already reflected
in the wide range of projects which are included
in the candidate set of 21 projects.

Time and Risk Preferences. The emphasis on cer-
tain resource types is determined by DOE's con-
cern for improving the gas supply situation in
the near-term. Thus, those technologies and re-
sources which are closest to commercialization

in terms of industry risk preference are the

ones which must be given highest priority in the
final 5-year plan. This is currently reflected
in the higher priorities given to tight gas sands
and Devonian shales.
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. Regional Market Considerations. Regional markets,
pipeline infrastructures, and recent gas curtail-
ments, have all influenced the development of
unconventional resources in certain areas. A
final 5-year plan must reflect R&D activities
in areas where industry sees the development of
unconventional resources as a solution to local/
regional gas supply problems.

. Program Phasing Requirements. Since individual
programs in the recommended 5-year plan will re-
guire very large volumes of start-up funding, it
is unreasonable to assume that funds already
allocated to EGR for FY 79 would be adequate.
Thus, funding levels in the 5-year plan reflect
budget needs for FY B0 to FY 84. This budgetary
program phasing problem must be reflected in the
final EGR program. Suggested annual budget levels
will promote the complete and phased development
of each project.

Knowledge Base Activities. Other types of activ-
ities are necessary to augment and/or assess the
effectiveness of the DOE EGR program. These
include numerous energy research laboratory proj-
ects, research efforts by several universities,
and contractor support in several areas, including
simulation modeling, economic analyses, technology
cost/benefit analyses, market studies, and other
types of studies. 1In addition, considerable work
is necessary to assess and develop management
plans for environmental problems associated with
EGR development. These knowledge base activities
will have to be adequately accounted for and
funded in the 5-year plan.

6. STRATEGY IMPLEMENTATION

Implementation of the final 5-year program will be
guided by a subsequent Technology Implementation Plan (TIP).
The TIP will set forth in greater detail the specific proj-
ect activities and time phasing required to implement the
program strategy. Projected completion of the TIP is
scheduled for December, 1978.
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