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Introduction

This report summarizes the efforts undertaken under the Geo-
pressure Support Contract, DE-ACO1-79ET27103. Attached are copies of
the deliverables submitted under this Support Contract.

Lewin and Associates, together with Terra Tek and the Engin-
eering and Economics Research, Inc., have provided support for 21
months for a total cost of $309,837, and a total of 7,324 direct pro-
ductive man-hours. This is within the contractual agreement which
called for 7740 person hours plus or minus 10 percent. The expendi-
ture of time and effort has been documented in the monthly cost
management reports and contract management summary reports.

The Statement of Work for this support contract is shown on
Attachment 1. Eight Task Orders were issued under this contract, as
shown on Table 1. The performance under these Task Orders is dis-
cussed in the monthly reports and is summarized below by Task Order.

Task Order 1

The purpose of Task Order 1 was to assist the Division of Geothermal
Energy, DGE, in its assessment of processes through which geopressured
methane production and geopressure-geothermal power can be 1ncréased.
Further, to evaluate alternative approaches for fmplementing proposed
Federal activities to ensure maximum possible leverage from use of
available public resources in Federal geopressure-geothermal R&D pro-
grams. Deliverables submitted under this Task Order are:

e An analysis of. geopressure-geothermal resources by Lewin
- and Associates, which evaIuates the technical and economic
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TABLE 1

SUMMARY OF GEOPRESSURE CONTRACT TASK ORDERS

Task Order

Shallow Well Analysis
General Support
HDR Review
General Support
General Support
R&D Plan
General Support
Edna Delcambre
Total

Period

11/79-1/80
10/75-2/80
11/79-12/79
8/80-11/80
3/80-4/80
5/80-7/80
12/80-6/81
4/80-6/80

Dollars Hours

Budget Actual Difference Actual
35,000 34,979 (21)* 609
25,000 16,220 (8,780) 410
5,000 4,998 (2) 123
86,092 78,884  (7,208) 1,770
25,000 21,408 (3,592) 692
42,000 41,135 (865) 1,234
91,000 90,614 8,614 2,097
22,628 21,599 (1,029) 3892
309,837 7,324

)} Indicates task performed under budget.
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potential as well as outlines the major areas of
uncertainty.

¢ Preliminary evaluation of conventional production from

eight geopressured reservoirs by Terra Tek, and

o Technical and economic feasibility of significant advances
in gas separation, hydraulic and thermal energy equipment
for use in conjunction with shallow wells and geopressured
zones by The Engineering and Economics Research, Inc.,
(EER).

These reports address two questions:

Question.1l: Should the geopressure-geothermal program evalu-

ate hydropressure and shallow geopressure resources, as well
as the deeper geopressure resources?

: In response to this question, the economics of producing
hydropressured and geoprgssured aquifers were developed and

the resources which have the potentially most favorable eco-
nomics determined. Furthermore, the power available from
kinetic and thermal energy was analyzed under current and
advanced techndlogy and the economics of these total energy
systems were discussed.

Question 2: What shou}d the duration and structure of a

‘generic well testing program be?

This'analysis’was ponducted by varying the reservoir’para-
meters to determine the economically most critical ones. The
second part of answering this question consisted of a paper

«discussing; ifn generic terms, the type and duratfon of well

tests designed to obtain the maximum information.

Lewin and Associates incorporated
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The responses to these two questions and the recommendation

submitted to DOE on geopressured aquifer drilling programs and R&D
strategy are summarized below.

‘The analysis of the design well drilling program concluded
that shallow, deep, and ultradeep geopressured aquifers can produce
methane at approximately the same cost. However, hydropressure aqui-
fers are uneconomic under natural flow conditions. The reservoirs in
Louisiana appear to be & more attractive resource target than the ones
in Texas, both in terms of cumulative gas production and economics.

The total energy system analysis concluded that electrical
power prices from thermal and hydraulic energy is comparable to those
of conventionally generated electricity. There is sufficient energy
for shallow reinjection and a surplus that could be sold commercially.

The sensitivity analysis concluded that no single parameter
will probably increase the economics significantly. As one parameter
improves, another becomes constraining and 1imits production. Methane
content was found to have the greatest impact on the economics, while
net pay had the greatest effect on production.

‘ 1f free gas can be produced, gas production can be doubled
and the cost halved. Deep reinject'iyon' into the producingk aquifer can
increase the total recoverable gas ‘twent,y-,folld ‘and could allow sus-
tained ‘produCtion‘frdm','sma'l'ler reservoirs. '

Finally, a well testing program was devised that includes two
short term pressure build-up and drav}dqm _tests to measure permeabi-
~ 1ity and po'rbs'lty, and a long term (1-2 years) test for defining

reservoir limits. e |

Lewin and Associates incorporated



Task Order 2: General Support

The purpose of this Task Order was to allow Lewin and Asso-
ciates, Terra Tek, and EER to provide immediate and informed support
when requested by the Division of Geothermal Energy. To enable us to
perform this support, we attended the Fourth United States Gulf Coast
Geopressure-Geothermal Energy Conference in Austin, 2 Hot-Dry Rock
Program Review in Washington, D.C., and a Geothermal Drilling and Com-
pletions Conference in Washington, D.C. Further, a presentation and
sUpporting graphics concerning geopressure prospects and well loca-
tions in Texas and Louisiana were prepared.

Task Order 3: Hot-Dry Rock Review

The purpose of this Task Order was to comment on a draft Pro-
gram Plan for development of updated plans with the goals, objectives,
strategy, program elements, and schedules for the Hot Dry Rock program.

Our comments to this program plan are presented in the
attached report, “Comments to Hot Dry Rock Program Plan," which is a
page by page review of the draft plan together with an overall assess-
ment, by Lewin and Associates in association with Terra Tek and Engin-
‘eering and Economic Research Inc.

Task Order 4: Genera1 Support

The purpose of this Task Order was to:
o develop updated plans including goals, objectives, stra-

tegy, program elements, and schedules for the geopres-
‘sure-geothermal program, T

Lewin and Associates incorporated
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e assess novel techniques by which amounts of geopressured
methane production and geopressure-geothermal  power
“on-1ine" can be increased, and

o evaluate alternative approaches for ensuring maximum
possible leverage from the Design Well program.

Four supporting efforts were initiated under Task Order 4:

e The Research and Development Plan for geopressure-geother-
mal resources initiated under Task Order 6 was completed.

e By special invitation, Lewin and Associates presented a
paper at the Geothermal Resources Council meeting in Salt
Lake City in September of 1980, titled "Economics of Total
Energy Systems for Geopressured Aquifers." This paper is
attached.

e The above paper generated interest in the reinjection of
produced fluids into geopressured aquifers and Lewin and
Associates and Terra Tek were asked for a more detailed
analysis evaluating the pressure characteristics of the

production and injection wells, as well as the net energy
available from methane, thermal, and kinetic sources.
These studies are attached and are summarized later.

o The fourth ftem was a study requested by DGE to determine
the equipment items most 1ikely to 1nh1b1t the drilling of
Design Wells and to suggest ways of overconﬁng any
problems.

‘In_addition‘to‘aﬁ initial report, (attached) this entailed
monitofing-the equipment markets and reporting on develop-
ments as described in the monthly reports.

Lewin and Assoclates incorporated
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In addition to the above four studies, other supporting acti-
vities were conducted for DGE, including the preparation of background
papers that illustrated various aspects of the geopressure-geothermal
Wells of Opportunity and Design Well programs.

Task Order 5: General Support

The purpose of this Task Order was to provide a series of
analytic evaluations and assessments in the following areas:

economic analyses

institutional assessments

policy studies

technology transfer activities, and
research and development program evaluation

Under this Task Order, DGE was assisted with general support,
including papers and working notes in several areas; resource require-
ments and other plans were prepared; background information on the
unconventional gas resources in the U.S. was provided, and the R&D
programs to commercialize these resouces, in particular the Depar tment
of Ehergy's',Geopressure-GeothermaI Program, were described and
assessed. Also, work started on an outline of the Geopressure-Geo-
thermal R&D Program Plan. :

In addition, the National Petroleum Council Report (Draft) on
“Unconventional Gas Sources - Volume IV, Geopressure Brine" was
reviewed and written critiques prepared.

The major comments are:

1. The feport esseﬁtib\ly concludes that the geopressured gas
resource will not be a major contributor to the nation's

energy supplies before the year 2000, based on existing

Lewin and Associates incorporated
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preliminary data from the drilling of o0il and gas wells
into and through the geopressured zones, unless the DOE's
ongoing R&D work proves to be unexpectedly successful
(better than the best case). However, the report does
not address the major uncertainties that exist about the
resource nor the possibility that DOE's program could
achieve significant results within the next decade (in
time for an industry to develop before 2000).

The report only briefly analyzes reinjection into the
producing aquifer and concludes that the amount of energy
required to reinject would make this technique unecono-
mic. However, ‘enmergy might be available from other
sources; for example total power systems or conventional
coal or nuclear electricity plants, that would serve to,
in effect, generate gas from other energy sources.

The role of total energy systems has been down-played.
Our analysis shows that a substantial portion of the 'dee'p
reinjection energy requirements can be met from hydraulic
and thermal energy, whereas the NPC report briefly
analyzes the energy available and concludes it will
probably not be sufficient for technical development.

The report in ge;ae"r'al assumes that no R&D developments are
possible that will make this unconventional gas resource

- more vattrat:tive,. . Potent'la'l‘ technology advances are
briefly addressed, but not thoroughly assessed and

5.

analyzed.

The draft report does not address the total resource in

‘place and ft, consequently, does nmot include an estimate

Lewin and Associates incorporated
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* of the total recoverable resource that could be produced
after the year 2000 or before, if the DOE's efforts are
successful.

Task Order 6: R&D Plan

The purpose of this Task Order was the development of
detailed plans for the goals, objectives, strategy, program elements,
and schedules for the geopressure-geothermal program.

The largest effort under this support contract was prepara-
tion of the “Research and Development Program Plan for Geopressufe-
Geothermal Resources." Work on outlining this plan started under Task
Order 5, General Support; the main effort was provided in Task Order
6, R&D Plan; and preparation of the final plan for publication was
done under Task Order 4, General Support.

- This document presents the Department of Energy's Research
and Development Program Plan for Geopressure-Geothermal Resources for
FyYgl throUgh FY86. The Plen-provides an overall perspective for these
energy sources and describes the R&D program directed toward resolving
the geologic, technical, and economic barriers that currently f{mpede
their development. The topics covered in the Program Plan {nclude:

(1) - The programrg0a1s, objectives, and strategy;

(2) The status of resource definition, research and techno-
7 Yogy development, 1nc1Uding the program mflestones;

(3)  The supporting environmental activities; :

(4) The management plan for the program~

(5) The financial requirements.

Lewin and Associates incorporated
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Task Order 7: General Support

Order:

The purpose of this Task Order was to assist DGE through:

economic analyses

environmental analyses

overcoming institutional constraints

policy studies

technology transfer activities

research and development program evaluating, and
systems analysis

Five major supporting efforts were conducted under this Task

The first was completion of & study by Terra Tek, titled
“Evaluation of Reinjection into Geopressured Reservoirs.”
This report analyzes well pressures and production in
injection wells, &nd the thermal and hydraulic energy
avaflabilities of produced brines (attached).

The second effort was an analysis by Lewin and Associates,
based on the above report by Terra Tek. This analysis
evaluated the technical potential, the energy balance, and
the economics of reinjecting produced brines into erpres-

| surefgéotherma1 aquifers (attached). It concluded that

the thermal and mechanical energy could provide a major
portion of the energy required to reinject into the
producing aqdifer.‘thus extending the recoverable resource

_base significantly. Even though uneconomic at current gas

prices, this disposal method would be relatively fndepen-

~dent of real price fincreases in energy costs and the

economics could therefore improve over time.

Lewin and Associates incorporated
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¢ The third effort was following up on the geopressured well
equipment paper, titled "Availability of Geopressured Well
Equipment." This paper discusses the primary types of
equipment and services used in drilling wells to test geo-
pressured aquifers and discusses the supply situation as
of the end of April, 1981. As a follow-up to this paper,
monthly surveys were conducted of the current supply situ-
ation, as documented in the monthly reports.

® The fourth effort under this Task Order was a Study by the

Engineering and Economics Research, Inc., on “Environmen-

- tal Controls With Related Issues Applicable to Hydrother-

mal and Geopressured Resource Development." This report

jdentified and evaluated environmental control type issues

that may be common to both the hydrothermal and geopres-
sure-ceothermal technologies (attached).

o The fifth effort consisted of preparing background, educa-
tional materia1s,pn the Geopressured-Geothermal Program in
the form of a brochure and thus assisting DGE in techno-
logy transfer activities and overcoming f{nstitutional

constraints.

Task Order 8: The Edna Delcambre Final Report

The purpose of this Taskrorderiwas‘to assist DGE in its tech-
nology transfer 'actiﬁities. It consisted of Terra Tek preparing a
~ final report on the Edna Delcambre Well of Opportunity (attached), the
~purpose of which was to document’the«re5u1ts of production testing a
- geopressured reservoir. At the start of this task, & meeting was held
in Chicago»between_representatives‘of Lewin and ASSOCiaiés. Terra Tek,
and 16T to gathéf data and discuss previous analyses of the well test.

Lewin and Associates incorporated



ATTACHMENT 1 i ;
- - STATEMENT OF WORK :
GENERAL -

The contractor's effort will be up to 7740 person hours to perform a series
of enalytical evaluations and assesszents that will encompess the Zollowing

areas:

1. lconémic, environmental and energy impact ansalyses,
.2+ Institutional and social constraints assessments,

3. Policy studies,

4. Financial and capital market evaluations,

S. Decision analyses, ’

6. legislative assessments,

7. Technology transfer activities,

8. Cost-effectiveness and cost/benefit studies,

9. *¥esearch and development program ®vaiuvstter, and
10. yystems snalyses.

The contractor will provide these services in response to any written
or telecommunications media task order that §s transmitted within the
terms and provisions of the general overall contract. While DOE is

not and will not be obligated to essign any specific mew, continuing or
stated level of work, the contractor will begfn work as soon =~~~ -
as the cost estimates have been approved by the contracting officer and
definitive tasks have been fssued by him.

The contractor ghould have in-house capabilities in the following 11 and
related skill areas: economic research and base studies, planning and
planning research, environmental analysis, operations research, geolegy,
eystems engineering, geophysics, marketing, applied mathematics business
lew, water and land-use rights, utilities operations, and management. The
contractor shouid demonstrate broad, specific and relevant training and
experience, as vell as educational background on the part of the in-house
staff appropriate to the expertise required to perform each task order as

it ;s agsigned.
gP_E_C.LfI_c

The contractor wﬂl furnish such necessan' qualified personnel facilities,
materials, and gervices as are needed to fulfill the requirements of
specific research and development analyses, evaluations and other assess-
ment -activities within the scope of a general overall contract. The
specific tesk orders fssued will cill for performance of such functions as:

I Dévelbpniant of updated plans including, but mot limited to, goals,
objectives, strategy, program elements and schedules for the
3eopressured-geochem1 and hot dry rock progtms, ,



2. Analysis of Government options related to development-and
utilization of geopressured-geothermal and hot dry rock energy

. resources;
: 3. Assessment of processes through which amounts of géobressured
- wethane production end geopressured-geothermal power “on-line”
and non-electric applications can be increased; K

4. Evaluation of alternative approaches for implementing proposed
Federal actions and for ensuring maximm possible leverage from
use of available public resources in Federazl geopressured-geothermal
and hot dry rock research and development programs.

In addition, the task will call for:

~ Recommendations for collecting data'neeéed in evaluéting the
effectiveness of specific policy options;

~ Consideration of the degree to which technology gaps or risks
tend to increase cepital or operating costs and can be reduced;

~ Preparation of background papers on'policy proposals meant to
enhance technology developoment opportunities, if adopted;

~ Evaluatiorgof financial and cepital markets in context of specific
Geothermal Loan Guaranty questions relating to geopressured and
‘Hot Dry Rock beyond those performed to date;

- Reports and analyses of actions taken by Government and industry
relative to geopressured-geothermal and hot dry rock energy resource

development and utilization.



