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Advanced methods to recover currentiy non-
recoverable oil and gas could contribute to
reducing this Nation’'s dependence on im-
ported energy. Commercialization of many of
these techniques will require more technology
development. Other obstacles--primarily eco-
nomic--also stand in the way of commerciaii-
zation,

The Energy Research and Development
Administration has a risk-sharing cooperative
demonstration program to stimulate industry
commercialization of advanced recovery tech-
nolugies. However, the program has not been
based on adequate planning and has been
moving along at a slow pace. Although the
ayency is attempting to improve the program,
it is unlikely to have a major effect on increas-
ing domestic oil and gas supplies before the
late 1980s or early 1990s.
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This report discusses the improvements needed in the
Federal cenhanced o0il and gas recovery research, develop-
ment. and demonstration proqram.
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COMPTROLLER GENERAL'S IMFROVEMENTS NEEDED IN THE
REPORT TO THE CONGRESS FEODERAL ENHANCED CII. AND GAS
RECOVERY RESEARCH, DEVELOPMENT,
AND DEMONSTRATION PROGRAM
Energy Research and Development
Administration

Lbout 425 billion barrels of crude oil have
been discovered in the United States. How-
ever, over two-thirds of these resources

(290 billion barrels) are not econc.ically
recoverable at current prices with the con-
ventional technolcgies now used. Likewise
more than a gquadrillion cubic feet of natural
gas may exist in the Rocky Mountain and Appa-
lachia areas. This gas is not commercially
producible with current extraction technology.
(See p. 1.)

The Energy Research and Development Adminis-
tration has an enhanced oil and gas recovery
program. The term "enhanced recovery" has a
distinctly different meaning for the produc-
tion of oil as contrasted to the production

of gas. Enhanced recovery of cil refers, for
the most part, to increasing output from pro-
ducing reservoirs. Enhanced gas recovery gen-
erally refers to the production of gas from
areas where commercial production has not pre-
viously been possible. (See pp. 1 and 2.)

The program itself is not intended %o pro-
duce large guantities of commercial oil and
gas, but is supposed to stimulate industry
to commercialize enhanced recovery processes

by

--accelerating, through cooperative cost-
sharirng contracts, industry's development
of enhanced recovery technologies;

--—evaluating the technical and economic feasi-
bility of enhanced recovery technologies;
and

--making publicly available the results of
its research and development efforts.

As of mid-September 1976, the Energy Research
and Development Administration had initiated

Taar S.h?j. Upon removal, the report :
cover date shoSId be noted horcon\. 1 EMD-77-3



27 o0il and gas demonstration tests to assess
the technical and economic feasibility of
commercial-scale enhanced recovery. The total
estimated cost of these tests is approximately
$122 million with the Energy Research and De-
velopment Administration and private industry
participants contributing akout $46 million
and about 376 million, respectively. (See

pp. Y and 10.)

In 1975 the Energy Research and Development
Administration established goals of increasing
commercial o0il production by 1.4 million bar-
rels a day and commercial gas production by
8.2 billion cubic feet a day through enhanced
recovery processes by 1985. The 1985 produc-
tion goals were recently reduced to 5G9,000
barrels of o0il a day and 3 billion cubic feet
of gas a day. (See p. 1ll.)

Although GAO directed its review specifically
at the effectiveness of the Snergy Research
and Development Administration's wmanagement
of its ermhanced recovery program, it recog-
nizes that other factors will affect the de-
velopment cof enhanced recovery technologies.
For example, increases in o0il and gas prices
could stimulate industry research and develop-
ment and reduce the need for a Federal en-
hanced recovery research and development ef-
fort. (See po. 13, 15, 21, and 22.)

DEMONSTRATION SCHEDULES
LACK TIMELINESS

In 1975 the Energy Research and Development
Administraticn developed a startup schedule
for 103 o0il recovery demonstration tests
which were thought to be needed to attain

the agency's 1985 o0il production goals. The
agency also plans 94 natural «4as recovery dem-
onstration tests to achieve its 1985 gas pro-
duction goals. These o0il and gas recovery
demonstration tests are intended to provide
industry with technical and economic data
needed for assessing the feasibility of im-
plementing enhanced recovery on a commercial
scale. (See pp. 11 and 13.)

The Energy Research and Development Adminis-
tration's schedules for developing enhanced

ii



oil and gas recovery techniques are unlikely
to stimulate enough industry production to
reach the agency's 1985 goals because the
schedules call for most tests to start during
the last 3 years of the 7-year period 1974-80¢,.

Since field demonstrations of the most promis-
ing oil recovery methods reguire 4 to 5 years
to complete, most of the technical and eco-
nomic data needed to prove the commercial
feasibility of the technologies will not be
availacle until the 1982-85 period. Produc-
tion from field-wide ccmmercial applications
cannot be expected for another 4 to 5 years
after the technical and ecoromic data from
these tests are available. Therefore, the
current Energy Research and Development Admin-
istration demonstration schedule cannot be
expected to result in considerable commercial
0il production increases before the Jate 1980s
or early 1990s., (See p. 12.)

Enhanced gas recovery technology is not as ad-
vanced as enhanced oil recovery technology,
and the Energy Research and Development Admin-
istration's program is proceeding slowly under
the current schedule. As a result, although
the time between successful demonstration of
enhanced gas recovery methods and substantial
gas production using these methods is shorter,
it is likely that enhanced gas recovery tech-
nologies would not make a considerable contri-
bution to the Nation's gas supply before the
late 1980s. (See pp. 13 and 15.)

LACK OF AN _EFFECTIVE
MANAGEMENT PLAN

The Enerqgy Research and Development Adminis-
tration has not had an effective program man-
agement plan for enhanced oil and gas recovery
which would result in the most rapid and ef-
fective means for increasing domestic petro-
leum supplies. (See p. 17.)

Recovery methods which prove successful in

one o0il reservoir may not be productive in
others because reservoir characteristics vary.
Therefore, to show that these processes can

be applied on a widespread commercial basis,
demonstrations of their technical and economic

iii



feasibility must be pe:formed in many differ-
ent types of fields. (See p. 12.)

GAC found that before attempting to implement
a field demonstration o0il test program, the
Energy Research and Development Administration
did not identify those reservoirs with the
characteristics which could best demonstrate
ernhanced o0il recovery applications. (See

p. 17.)

Agency officials could not provide any docu-
mentation showing why 94 field demonstration
tests of enhanced gas recovery were needed
or how the scheduling was derived for these
tests. The officials were .ncertain of how
many projects were necessary to develop en-
hanced gas recovery technologies. (See

p. 17.)

If the Energy Research and Development Admin-
istration's oil and gas enhanced recovery
program is to contribute considerably to de-
velioping these potential energy sources, a
well-defined program management plan is essen-
tial. A properly developed management plan
can provide greater assurance of obtaining
projects which make the best contribution
toward developing and demonstrating enhanced
recovery technology. Furthermore, effec-
tively implementing such a plan and periodi-
cally evaluating program results can provide
a basis for reassessing the Federal role and
the appropriateness of the level of Federal
funding given enhanced recovery as higher oil
and gas prices provide greater incentive for
industry's development of these technologies.
(See p. 18.)

Agency officials cold GFrO that, pursuant to an
Office of Management ani Budget request, they
are now developing a mfnagement plan for the
enhanced o0il recovery program. In developing
the plan, th> agency 1is attempting to, among
other things, identify major oil reservoirs
an.' assess the best enhanced recovery methods
to use on each and better define what the Fed-
eral role should be in acnieving enhanced oil
and gas recovery objectives. The agency in-
tends to include in its program management
plan:
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Tear Sheet

--The priority of targets for enhanced recov-
ery testing

-~The sequence of tests and cost,

--A system of disseminating technical informa~
tion.

--A 3system for measuring the program's effect
on production.

--A plan for assessing the environmental con-
sequences of such a progran,

Its officials also said they started develop-
ing a similar type of management plan for
enhanced gas recovery in December 1976. GAO
believes these are important steps for an
effective enhanced oil and gas recovery pro-
gram. (See pp. 1§ and 19.)

FURTHER CONSTRAINTS
TO COMMERCIALIZATION

Several factors are constraining industry from
demonstrating and commercializing enhanced re-
covery technology, including:

~-The lack of known long-term o0il ang gas
Prices against which to calculate economics.

——The large capital investments required.

--The unproven and risky nature of many en-
hanced tecovery technigues.

-=Uncertainty ac to the future availability
of needed recovery materials for the en-
hanced oil recovery processes. (See p. 21.)

These constraints could slow commercializa-
tion of enhanced oil and gas recovery and
could interact to make the Energy Research
Development Administration's revised goals of
increased oil and gas production even more
difficult to achieve. (See p.- 24.)



RECOMMENDATIONS

GAO recommends that the Administrator of the
Energy Research and Development Administra-
tion:

--Give continued and increased emphasis to
developing and putting into operation a man-
agenment plan for enhanced gas recovery. The
plan should focus on developing a balanced
research program to include laboratory re-
search, demonstration tests, and the gather-
ing of geological data on the types of de-
posits the agency plans to test. The plan
should also define the number of demonstra-
tion tests that will be necessary to commer-
cialize enhanced gas recovery technologies as
soon as possible.

--Reassess annual.y the Federal roie and level
of effort in enhanced o0il and gas recovery
research and development in the light of
incrcased oil and gas prices and industiy's
willingness to promote new technology. (See
p. 19.)

AGENCY COMMENTS

The Energy Research and Development Adminis-
tration did not cominent on GAO's recommenda-
tions. The ayency expressed concern that this
report had a negative rather than an objective
tone and that i+ failed to present an adeguate
discussion of the agency's position on the
issues in guestion. Basic differences exist
concerning the effectiveness of the agency's
program.

The Federal Energy Administration also re-

viewed a draft of this report and generally
agreed with its findings. (See p. 20.)
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CHAPTER 1

INTRODUCTION

About 425 billion barrels of crude oil have been dis-
covered in the United States. However, over two-thirds of
these already found resources (290 billion barrels) are
not economically recoverable at current prices with the
conventional technologies now used. Also, vast guantities
of natural gas in certain areas of the United States are
not commercially producible with current drilling techniques.
About 600 trillion cubic feet of such gas may be locked in
tight, low permeability formations in deep Rocky Mountain
basins. It has also been estimated that as much as 500 to
600 trillion cubic feet of gas may be locked in the Devonian
shale formations of Appalachia. The Energy Research and De-
velopment Administration (ERDA) is conducting research aimed
at developing and demonstrating enhanced recovery techniques
to recover this o0il and gas.

Today the Nation depends on o0il and natural gas to sup-
ply over 75 percent of its energy. Although demand for crude
oil continues to grow, domestic production has dropped from
a peak of 9.6 million barrels a day in 1970 to a current level
of 8.2 million barrels a day. 0il imports which provided
23 percent of U.S. oil consumption in 1970 now provide 40
percent. Natural gas production has fallen from a peak of
22.6 trillion cubic feet in 1973 to 20.1 trillion cubic feet
in 1975. The result has been forced curtailments in gas us-
age. Despite these shortfalls in domestic supply, oil ang
gas will remain important energy sources into the early part
of the next century.

ERDA has implemented programs to develop alternative
sources of energy, such as solar, oil shale, and geothermal,
to help meet our future energy needs. Although these alter-
native sources hold promise for supplying a portion of the
Nation's future energy needs, considerable contributions
fr m these sources are not expected in the near term (1985).,
51 :cessful development of enhanced recovery technologies
~ fers the potential for increasing our energy supplies and

ping reduce our dependence on foreign imports.

ENHALCED RECOVERY--WHAT IS IT?

The term "enhanced recovery" has a distinctly different
meaning for the production of o0il as contrasted to its
meaning in the production of gas. Enhanced recovery of
oil refers, for the most part, to increasing the production
from producing reservoirs. Enhanced gas recovery generally



refers to the production of gas from areas where commercial
production has not previously been possible.
0il

0il is not fourd in large pools or lakes, rather it 1is
found trapped inside the tiny pores of sedimentary rocks,
such as limestone or sandstone. Normally when a well is
drilled into oil-saturated rock, the natural underground
pressures will drive a portion of the oil out of the rock to
the well bore where it can be recovered. The process by
which oil is produced from these natural pressures is identi-
fied as "primary recovery." On the average, only about 15
to 20 percent of a field's oil is produced by natural
pressures.

In many oil fields the natural pressures are not suf-
ficient to move the oil. They have diminished over time to
a point where the well is no longer productive. By supple-
menting the natural pressures, additional oil can be recov-
ered. Currently, the most widespread method of extracting
oil after natural pressures have diminished is waterflood-
ing; that is, water is pumped into the oil-bearing rock to
flood out some of the oil that would not be recovered
tl.rough natural forces. This process is known as seconda-
ary recovery. Although effective, waterflooding can only
increase the yield of a well to about 35 percent.

The oil industry has developed much experimental tech-
nology for the enhanced recovery of oil beyond the "second-
ary" level; however, only a few basic methods have been
sufficiently advanced by industry to warrant further study
for commercial appiication. The combined production attrib-~
sted to all the new enhanced recovery technology is less
than 250,000 barrels of oil a day and most of this is from
steam injection in California. Some of the more promising
enhanced recovery technigues which the industry and ERDA
have identified include:

--Micellar polymer flooding--The injection of a de-
tergent (micellar fluid) designed to sweep through
the reservoir washing oil from the rock grains as
it moves. A second substance (polymer) is injected
behind the detergent to move it slowly and steadily
throu~h the reservoir. (See illustration on p. 4.)

--Hydrocarbon miscible flooding--The injection of
solvents, such as kerosene or dry cleaning fluids,
to clean the oil from rock. The solvents are driven
by gas pressure which pushes the oil to the producing
wells. (See illustration on p. 4.)

-
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==Carbon dioxide injection--The use of carbon dioxide
(CO,) under sufficiently high pressure so it can
change the characteristics of the ¢il so that it will
flow. (See illustration on p. 4.)

--Thermal recovery--In some cases oil is so thick that
it can neither be pumped out of the ground nor dis-
solved out of the rocks. Thermal recovery involves
heating the o0il within the reservoir, thus thinning
it and allowing it to flow toward the producing well.
(See illustration on p. 5.)

After applying these techniqgues it takes several years
to determine their technical and economic feasibility. Com-
mercial application and production will take several years
more. 3

A wide range of estimates has been made of how much oil
can be obtained by using these techniques. These estimates
range from 15 to 110 billion barrels. ERDA estimates that 40
to 60 billion barrels could be produced using enhanced re-
covery techniques,

Gas

The technology involved in the enhanced recovery of
natural gas is guite different than that for the production
of oil. The objective of enhanced gas recovery is to expand
and extend natural fractures in formations holding gas, caus-
ing the gas to flow more rapidly without the need to drill
additional wells. Methods of enhanced gas recovery include
explosive and hydraulic fracturing and drilling deviated wells.

--Hydraulic fracturing--A fluid containing a "propping"
agent, such as sand, is pumped into the well at high
pressures. This pressure produces larger and extended
fractures, increasing the area from which gas may bhe re-
covered. The "propping" agent keeps the fractures open.
(See illustration on p. 6.)

--Explosive fracturing-~Chemicalz, such as nitroglycerin,
are placed at the bottom of a well, displaced into
fractures, and detonated to stimulate production. (See
illustration on p. 7.)

~-Deviated wells--Wells are drilled at an angle to in-
crease production by intersecting a maximum number of
fractures in gas formations. These "deviated" wells can
also be stimulated by hydraulic or explosive fracturing.
(See illustration on p. 8.)



ENHANCED RECOVERY THROUGH FLUID DISPLACEMENT METHODS
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THERMAL RECOVERY
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PRODUCTION STIMULATION BY MASSIVE HYDRAULIC FRACTURING

|

W)
___,_:m iy -

o
ﬂ'ﬁ}—fﬂ T
41 l I 1
I l‘l i ] _;
2,soo-|=o:c-1ong K'\_¥ -
Vertical fractures —— ="

Production Well

e — 2,500 Feot ——#fe—— 2,500 Foet ———|

H AND DE /ELCPMENT ADMINIZTRATION

—
=,

\ : £x

-3 *5

(o] <,

.“ .- 8

-4 *5

Y 58

o T e

a B¢

w0
T | A ] ) | ' | . ] 1 | |

. - °
£5 3 S 8 S 8 ] S S b1
a3 9 8 8 2 2 = S R 3
g% = v < © © ~ N ~ o

r|b uolDWIO4 uolun ogd 'lL“lllll uoliDW IO 3PIBADSIW l!l/\.\r"v

~
~

SOURCE: ENERGY RECEAR



CHEMICAL EXPLOSIVE FRACTURING
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DIRECTIONALLY DEVIATED WELLS STIMULATED BY HYDRAULIC
PLUS EXPLOSIVE FRACTURING
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ERDA estimates that as much as 300 trillion cubic feet of
gas could be produced using these techniques.

FEDERAL COST-SHARING PROGRAM
FOR ENHANCED RECOVERY

The Federal Nonnuclear Energy Research and Development
Act of 1974 (Public Law 93-577) enacted on December 31, 1974,

states that

"It is the policy of the Congress to develop on an
urgent basis the technological capabilities to sup-
port the broadest range of energy policy options
through conservation and use of domestic resources
x k % »

The purpose of the act is

"k * *x to establish and vigorously conduct a com-
prehensive national program of basic and applied
research and development, including but not lim-
ited to demonstrations of pract a3l applications,

of all potentially beneficial en2rgy sources and
utilization technologies, within the Energy Research
and Development Administration."”

A specific requirement of the act is to demonstrate new and
improved methods for extracting petroleum resources, includ-
ing the enhanced recovery of o0il and gas.

In pursuing these objectives, ERDA is implementing an
enhanced o0il and gas recovery program, building on an earlier
Department of the Interior program. The program itself is not
intended to produce large guantities of commercial oil and gas.
Rather, the program is supposed to stimulate industry to com-
mercialize enhanced recovery processes by

-—accelerating, through cooperative cost-sharing con-
tracts, industry's development of enhanced recovery

technologies;

--evaluating the technical and economic feasibility of
enhanced recovery technologies; and

--making publicly available the results of its research
and development efforts.

When the cost-sharing program has proven an enhanced re-
covery technigue in a full-scale demonstration, industry is
expected to utilize it and to assume all costs fer commercial

development,



Under the program, ERDA has a schedule for entering into
cooperative arrangements with private firms to make 103 oil
and 94 gas enhanced recovery demonstration tests, ERDA's
Jeneral policy requires the industry participants to contrib-
ute at least 50 percent of the project cost. ERDA expects
these tests to be conducted over a 7-year period--1974
through 1980, at a cost of about $368 million to the Federal
Government. As of mic¢i-September 1976, ERDA had initiated
27 oil and gas demonstration tests. The total estimated
cost of these tests is approximately $122 million with ERDA
and private industry participants contributing about $46 mil-
lion and about $76 million. respactively. (See app. IV.)
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CHAPTER 2

ERDA'S ENHANCED OIL AND GAS

RECOVERY SCHEDULES LACK TIMELINESS

In 1975 ERDA established goals of increasing commercial
oil production by 1.4 million barrels a day and commercial
gas production by 8.2 billion cubic feet a day through en-
hanced recovery processes by 1985. The 1985 production goals
were rzacently reduced to 500,000 barrels of oil a day and 3
billicn cubic feet of gas a day. However, ERDA's schedules
for developing enhanced oil and gas recovery techniques are
unlikely to stimulate enough production by industry to reach
the agency's 1985 production goals.

ENHANCED OIL_RECOVERY_ SCHEDULE

In 1975 ERDA developed a startup schedule for 103 oil
recovery demonstration tests which were thought to be needed
to attain the agency's 1985 o0il production goals. These
tests are intended to provide industry with technical and
economic data needed for assessing the feasibility of im-
plementing enhanced recovery on a commercial scale. This
schedule was based primarily on a study made in 1973 by tl.a
Gulf Universities Research Consortium for the Atomic Energy
Conmission. 1/ The consortium reported that a consensus of
experts from 22 oil companies predicted that about 91 proj-
ects utilizing the 4 most promising enhanced oil recovery
methods would be needed in a large percentage of the major
producing domestic fields before widespread commercial im-
plementation could be expected. The consortium believed that
a large number of projects were reeded to confidently pre-
dict pronduction from enhanced recovery methods. The con-
sortium concluded that about 1.2 million barrels a day
could be produced by 1985 if the 91 field tests were started
by 1974 and if reasonable wellhead price increases accompa-
nied development of field test data. The report did not pro-
vide estimates of the price level required for the technolo-
gies' commercial application.

ERDA implemented a 7-year schedule for awarding con-
tracts extending from 1974-80. ERDA's schedule calls for
most tests to be started during the last 3 years of the

——— i —— - — . ——

l/Planning Criteria Relative to a National Research, Develop-
ment, Tescing, and Evaluation Program Directed to the En-
hanced Recovery of Crude 0il and Natural Gas, Gulf Univer-
sities Research Consortium, November 30, 1973.
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7-year period. Of the 103 enhanced oil recovery demonsira-
tion tests, 65 are not scheduled to begin until fiscal years
1978 through 1980. ERDA officials told us that a revised
schedule will be prepared as part of a new management plan
which they are developing. This new plan is discussed on
page 18.

Although considerable research and field testing has
been done by industry, present knowledge is not adequate to
make reasonable estimates of the probable amounts of o0il to
be recovered from a given reservoir through enhanced recovery
techniqgues. Recovery methods which prove successful in one
reservoir may not be productive in others because of varia-
tions in reservoir characteristics, such as permeability,
porosity, and viscosity. Therefore, to show that these pro-
cesses can be applied on a widespread commercial basis, dem-
onstratio.ns of their technical and economic feasibility
nust be performed in many different types of fields.

The period in which the field demonstration tests are
completed is vitally important because the test results arc
to provide the basis for assessing commercial applications.
The most promising enhanced nil recovery methods that ERDA
expects to develop require several years between field dem-
onstrations, commercial applications, and production. The
most promising field demonstration methods require 4 to 5
years to complete.

Since most tests are scheduled to start during the last
3 years of the 7-year period from 1974 through 1980, most of
the technical and economic data needed to prove the technol-
ogies' commercial feasibility will not be available until the
1982~-85 period. Production from field-wide commercial ap-
plications cannot be expected for another 4 to 5 years after
the technical and economic data from these tests are avail-
able. Therefore, the current ERDA demonstration schedule
cannot be expected to result in considerable commercial pro-
duction before the late 1980s or early 1990s. In addition,
the micellar-polymer method requires vast chemical quantities
for widespread commercial use. The decision to build the
required chemical plants is not expected until a viable mar-
ket is established. The plants' construction is expected to
require an additional 2 to 3 years between decision to build
and full capacity production.

The Federal Energy Administration (FEA) has been study-
ing the potential of enhanced recovery and has concluded that
it can play an important role in aiding the Nation's energy
supply. 1In 1975 FEA suggested that ERDA accelerate its
plan for implementing field demonstration tests by increasing
the number of tests during the early years of program im-
plementation, thereby compressing the time frame in which test
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results would be available for assessing commercial appli-
cations. The cost of ERDA's plan and the accelerated plan
FEA suggested generally would be the same. Whereas ERDA's
plan requires greater funding in the program's later years,
FEA's plan requires higher funding during the program's
earlier years.

ERDA concurred, in principle, with FEA's proposal. How-
ever, ERDA's Administrator felt that further consideration
woulé have to be given to its organizational capabilities,
the time implicit in compliance witny all the required reviews
and competitive proposal procedures, and to the constraints
due to limited availability of the suriactant chemicals used
for micellar and improved waterflooding. A comparison of
ERDA's schedule and FEA's suggested schedule is shown in
figure 1.

NATURAL GAS RECOVERY SCHEDULE

ERDA implemented a schedule for 94 field demonstrations
covering the 7-year period 1974-80 to achieve its 1985 pro-
duction goals. As with 0il, these tests are intended to
provide industry with technical and economic data needed for
assessing the feasibility of implementing enhanced recovery
on a commercial scale. Of the 94 tests, 15 were scheduled
to begin in fiscal years 1974 through 1976, with the remain-
ing 79 scheduled for fiscal years 1977-80.

The period between field demonstrations and commer..al
production of natural gas is less than that of enhanced oil
recovery. Field tests can be completed in a relatively short
period. However, enhanced natural gas recovery technology is
not as far advanced as oil recovery technology. Industry
officials stated that more research is needed for natural gas
recovery processes. ERDA and industry officials szaid one of
the major reasons for this has been historically low well-
head prices (less than 22 cents a thousand cubic feet until
1974) which provided little incentive for developing advanced
technoiogy in this area.

Effective July 27, 1976, the Federal Power Commission
(FPC) increased the wellhead ceiling prices for interstate
natural gas from 52 cents a thousand cubic feet (Mcf) to
$1.42 an Mcf for gas from wells started on or after Janu-
ary 1, 1975, and 93 cents an Mcf for gas from wells started
in 1973 and 1974. FPC prescribed that the ceiling price of
post-1974 gas could be increased 1 cent an Mcf each quarter
starting October 1, 1976. FPC also prescribed that the
ceiling price of 1973-74 gas could be increased 1 cent an
Mcf annually beginning January 1, 1977. These rate increases
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FIGURE 1

ERDA’'S ENHANCED OIL RECOVERY FIELD DEMONSTRATION
SCHEDULE COMPARED TO FEA'S PROPOSED SCHEDULE

(BY FISCAL YEAR

1975 1976 1977 1978 1979 1980
FISCAL YEAR

NOTE: NUMBERS INC'CATE PROJECTS PROPOSED DURING EACH FISCAL YEAR;
NUMBERS FOR 1976 INCLUDE PROJECTS PLANNED DURING TRANSITION
QUARTER BETWEEN FISCAL YEARS 1976 AND 1977
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are currently being contested in court and may change. The
affect any price increases will have on industry research
and development is not yet known, but they are likely to
provide additional incentive for industry to develop
advanced recovery technologies.

However, because of the slow pace of the Energy Research
and Development Administration's enhanced gas recovery dem-
onstration schedule and the lack of fundamental recovery
technology, it is likely that enhanced gas recovery tech-
nologies would not make a considerable contribution to the
Nation's gas supply before the late 1980s.

A few of ERDA's enhanced gas recovery tests have re-
cently been completed; however, the results have been dis-
appointing because little additional gas has been produced.
Not enough is known about gas recovery technology and the
gas deposits in the areas being tested to adequately evalu-
ate the test results. Therefore, the reasons for the lack
of significant production during these tests are generally
unknown. Whether the lack of production increases is due to
ineffective stimulation techniques, or whether there are in-
adequate amouii_z of gas available at the test sites remain
ur.resolved. Industry officials told us that ERDA should
implement a rapid and balanced gas recovery research program
if gas production is to be increased in the near term.
According to them, sqach a program should include laboratory
research, demonstration projects, and the gathering of geo-
logical data on the types of gas deposits ERDA is testing.

ERDA has beg:'n a $4.9 million project in cooperation
with the U.S. Genlogical Survey to gather geological data
on gas deposits in the Devonian shale formations of Appa-
lachia. ERDA alsc plans to award $18 million in contracts
to universities and State and private research groups over
the next 5 years to characterize the gas resource targets
in order to identify the areas with the most pctential for
enhanced recovery. ERDA officials told us the results of
this effort should provide a basis for better determining
the location of future demonstration tests.

CONCLUSIONS

ERDA's schedules for developing enhanced oil and gas
recovery techniques are unlikely to stimulate enough industry
production to reach the agency's 1985 o0il and gas production
goals because the schedules call for most tests to start
during the last 3 y~2ars of the 7-year period 1974-80.

Since field demonstrations of the most promising oil re-
covery methcds require 4 to 5 years tc complete, most of the
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technical and economic data needed to prove the technoulo-
gies' commercial feasibility will not be available until the
1982 to 1985 time frame. Production from field-wide commer-
cial applications cannot be expected for another 4 to 5 years
after the technical and economic data from these tests is
available. Therefore, the current ERDA demonstration sched-
ule cannot be expected to result in considerable commercial
oil production increases before the late 1980s or early
1990s.

Enhanced gas recovery technology is not as advanced as
enhanced oil recovery technclogy, and the Energy Ressarch
and Development Administration's program is proceeding slowly
under the current schedule. As a result, although the time
between successful demonstration of enhanced gas recovery
methods and substantial gas production using these methods
is shorter, it is likely that enhanced gas recovery tech-
nologies would not make a considerable contribution to the
Nation's gas supply before the late 1980s.
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CHAPTER 3

NEED FOR AN EFFECTIVE MANAGEMENT PLAN AND

IMPROVED PROGRAM IMPLEMENTATION METHODS

ERDA's efforts to develop and demonstrate enhanced re-
covery tecnnologies hava been hampered by the lack of an
effective program management plan. Adequate consideration
nas not been given to demonstrating these technologies in the
most desirable test fields.

LACK OF AN EFFECIIVE MANAGEMENT PLAN

According to the Office of Management and Budget, ERDA
nas not had an effective program management plan for enhanced
0il and gas recovery. The Office of Management and Budget's
major criticism is thnat ERDA has not adequately identified
those ingredients essentia’ to a successful enhanced recovery
program winich would result in the most rapid and effective
means for increasing domestic petroleum supplies.

Before attempting to implement a field demonstration
oil test program, ERDA did not identify those reservoirs
witn the characteristics which could best demonstrate enhanced
0oil recovery applications. Without this information, ERDA was
unable to specify project requirements in sufficient detail in
its requests for proposals to ensure that it would undertake
demonstration tests that made the optimum contribution to de-
veloping and demonstrating enhanced oil recovery. ERDA offi-
cials agreed tnat their project specifications were too gen-
eral. According to them, a management plan now under develop-
ment snould enable ERDA to better specify in its requests for
proposals the ranges of reservoir and fluid characteristics
requirea for each test.

Furthermore, EKRDA officials could not provide any docu-
mentation showing why 94 field demonstration tests of en-
nanced gas recovery were needed or how the scneduling was
derived for these tests. They indicated that the schedule
stemmed from earlier Department of the Interior planning
exercises made before the program was transferred to ERDA
in January 1975. ERDA officials were uncertain of how many
projects were necessary to develop enhanced gas recovery
tecnnologies.,

A properly developed management plan can provide greater
assurance of opbtaining prnjects which make the best contribu-
tion toward c2veloping and demonstrating enhanced recovery
technology. Furthermore, effectively implementing such a
plan and periodically evaluating program results can provide
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a basis for reassessing the Federal role and the appropriate-
ness of the level of Federal funding given enhanced recovery
as higher oil and gas prices provide greater incentive for
industry's development of these technologies.

ERDA DEVELOPING A FPLAN

ERDA officials told us that, pursuant to an Office of
Management and Budget request, they are now developing an
ennanced oil recovery prodaram management plan., Areas of
stuay which are currently underway include:

--Identifying major oil reservoirs and the assessment
of the best enhanced recovery methods to use on each,

--Assessing the production potential of these majocr
0il reservoirs using enhanced recovery techniqgues.

--Assessing industry's willingness and/or ability to
in® st in enhanced recovery projects of different

ty.

--Developing estimates of how much oil would be produced
at various price levels, both with and without a Fed-
eral research and development program.

--Defining better what the Federal role should be in
achieving enhanced oil and gas recovery objectives,

From these studies and subsequent analyses ERDA intends
to develop a program management plan which will inclula:

--The priority of targets for enhanced recovery testing.
--The sequence of tests and cost.
--A system of disseminating technical information.

--A system for measuring the program's effect on pro-
duction.

--A plan for assessing the environmental consequences
of sucn a program.

ERDA officials told us they started developing a similar
management plan for enhanced gas recovery in December 1976.

CONCLUSIONS

If ERDA's oil and gas enhanced recovery program is to
contribute considerably to developing these potential energy
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sourc=s, a weli-defined program management plan i< essential.
A properly developed management plan can provide greater
assurance of obtaining projects which make the best contri-
bution toward developing and demonstrating enhanced recovery
technology. Furthermore, effectively implementing such a
plan and periodically evaluating program results can provide
a basis for reassessing the Federal role and the appropriate-
ness of the level of Federal funding given enhanced recovery
as higher oil and gas prices provide greater incentive for
industry's development of these technologies.

ERDA's preparation of an enhanced oil Lrecovery manage-
ment plan is an important step for an effective enhanced re-
covery program ana, if developed along the lines currently
proposea by ERDA, should contribute to an improved program.,

Fiela demonstrations in those reservoirs, to be identi-
fied py ERDA in its management plan, having the character-
istics wiich could best demonstrate the technical and eco-
nomic feasibility of widespread commercial applications,
would result in a nore effective and timely demonstration
program.

In December 1976 ERDA started developing a management
plan for enhanced gas recovery. We believe this is
an important step in developing an effective enhanced gas
recovery program.

RECOMMENDATIONS

We recommend tnat the Administrator of ERDA:

--Give continued and increased emphasis to developing and
putting into operation a management plan for enhanced
gas recovery. The plan should focus on developing a
balanced research program to include laboratory re-
search, demonstration tests, and the gathering of geo-
logical data on the types of deposits the agency plans
to test. The plan should also define the number of
field demonstration tests that will be necessary to
commercialize enhanced gas recovery technologies as
soon as possible.

-~Reassess annually the Federal role and level of effort
in enhanced o0il and gas recovery research and develop-
ment in tne light of increased oil and gas prices and
industry's willingness to promote new technology.
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ASENCY CUMMENTS

The Lnergy Research and Nevelopment Administration did
not coment on our recommendations. The agency expressed
concern tnat tnis report had a negative rather than an ob-
jective tone and that it failed to present an adequate dis-
cussion of the agency's position on the issues in question.
pasic differences exist concerning the effectiveness of the
agency's program. (See apps. I and II.)

The Feaetal bnergy Administration also reviewed a

draft of tnis repurt and generally agreed with its findings.
(See app. III.)
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CHAPTER 4

PROBLEMS WHICH MAY AFFECT

COMMERCIALIZATION OF ENHANCED

RECOVERY TECHNIQUES

Government and industry agree that enhanced recovery
processes could help increase this Nation's domestic energy
supply. However, the time frame in which widespread com-
mercial applications of enhanced recovery techniques might
be made and the rate at which these resources will become
available is quite uncertain.

Several factors are constraining industry from demon-

strating and commercializing enhanced recovery technology.
These include:

--The lack of known long-term oil and gas prices ag: iast
which to calculate economics.

--The large capital investments required.

--The unproven and risky nature of many enhanced recovery
techniques.

--Uncertainty as to the future availability of needed
recovery materials for the enhanced oil recovery
processes.

PRICING

According to industry officials, low oil and gas prices
have historically been major constraints to development and
commercialization of enhanced recovery. The price levels
necessary to produce considerable amounts of oil and gas
through enhanced recovery operations are not yet well de-
fined. The costs of these techniques will require prices
above those presently paid for domestic production.

0i1

The composite price of domestic oil is about $8 a barrel.
Curcrent Organization of Petroleum Exporting Countries (OPEC)
prices are about $13 a bar-el. Lewin Associates, Incorpo-
rated, recently completed a study for FEA which included an
analysis of the potential for enhanced recovery in Cali-
fornia, Texas, and Louisiana. The study showed that, of the
43.3 billion barrels of oil technicallv recoverable through
enhanced recovery in these States, 30.5 billion barrels
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could be economically recoverable at a price of $11.28 a
barrel under the most optimistic conditions. Of these same
resources, Lewin Associates estimated that only 5.2 billion
barrels would be economically recoverable at $5.25 a barrel.
It concluded that price strongly affects the quantity of oil
to be produced from enhanced recovery techniques.

Some Federal action has been taken to provide additional
price incentives for enhanced oil recovery. A recent act
(90 Stat. 1125) extending the life of FEA has provided for
somewhat greater flexibility in allowing higher regulated
prices for oil that is difficult to produce. In this regard,
the act requires that early consideration be given to pro-
viding additional price incentives for bona fide enhanced
recovery techniques.

Our review focused on the management of ERDA's enhanced
recovery program. We recoinize that increases in the price
of 0il could stimulate industry research and development
and reduce the need for a Federal research and development
program in enhanced oil recovery. We did not examine the
affect that price increases would have on the need for a
Federal enhanced recovery program. However, we plan to con-
sider this question in Zuture work.

Gas

As discussed on pages 13 and 15, FPC increased the reg-
ulated wellhead price ceilings for interstate natural gas, ef-
fective July 27, 1976, from 52 cents a thousand cubic feet
(Mcf) to $1.42 an Mcf for wells started on or after January 1,
1975, and 93 cents an Mcf for wells started in 1973 and 1974.
FPC prescribed that the ceiling price of po«t-1974 gas could
increase 1 cent an Mcf each dquarter starting October 1, 1976,
and that the ceiling price of 1973-74 gas could increase
1 cent annually beginning January 1, 1977. The American Gas
Association recently estimated that the cost of producing
large gquantities of gas using enhanced recovery technicues
could range from $1.50 to $2.50 an Mcf.

CAPITAL REQUIREMENTS

Enhanced recovery operations require capital investments
far in excess of those required using conventional recovery
techniques. The majo. cost increase for enhanced oil re-
covery using the carbon dioxide or micellar polymer processes
stems from the purchase of injection materials (chemicals
and fluids), necessary in removing additional oil from the
reservoir. The Lewin Associates study for FEA estimated
that $150 billicn would be required to produce 30.5 billion
barrels from enhanced recovery processes. Some $30 billion
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would be required for field development and equipment and an
additional $120 billion for injection chemicals and fluids.

Not only are enhanced recovery operations more costly
than conventional recovery processes, but much of these costs
are incurred long before production starts. Chemicals which
are injected in 1976 are not expected to produce oil until
about 1980. The pace at which the fluids move through the
reservoir cannot be accelerated; therefore, repayment of
capital investment will be slower than that of using conven-
tional recovery techniques.

RISK ASSESSMENT

The adequate assessment of risk is considered to be an
unavoidable prerequisite to commercializing enhanced recovery
processes. Industry officials told us Government participa-
tion is necessary in demonstrating and sssessing these high

risk processes. ERDA's position is that the assessment of
risk can only be accomplished by completing many field demon-
stration tests. Although the period required for assessing

these processes through field demonstration tests will di-
rectly affect implementing commercial-scale ventures, ERDA,
as of mid-September 1976, had only initiated 16 enhanced oil
recovery field demonstration tests and 11 natural gas tests.
(See app. 1IV.)

RECOVERY MATERTALS

The enhanced recovery methods ERDA expects to produce
the most oil involve the injection of chemicals and fluids
into the reservoirs to remove the o0il still in place.

Industry officials told us that shortages of these en-
hanced recovery materials could impede commercializing en-
hanced recovery technologies. According to a recent Gult
Universities Research Consortium study--based on information
obtained from o0il and chemical companies--for ERDA, about
3.5 billion pounds of chemicals would be needed annually to
maintain production of one-half million barrels of oil a day
from the micellar polymer process. Most of the current pro-
duction of these chemicals is committed to other commercial
uses. The study estimated the capital investment required to
construct needed additional capacity would be about $1.2
billion. Present chemical production capacity is now con-
sidered sufficient to support the field demonstration pro-
gram. However, commercial application of the processes
cannot be made until additional capacity becomes available.

The anticipated increase in chemical demands will re-
quire constructing several large chemical plants. However,
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ERDA's studies indicate that this expansion will not occur
until a viable enhanced recovery market has been established.
This can only be accomplished through completing a series of
field demonstration tests. ERDA recognizes that a shortage
of chemical supplies must be overcome before widespread
commercial applications can be made. Also it is recognized
that at least 2 to 3 years must be allowed for new chemical
plant construction once the decision to build has been made.

Another consideration is the energy intensiveness of the
chemicals used in enhanced recovery. Some of the chemicals
used in enhanced oil recovery contain large amounts of oil.
In addition, energy is required to build and operate the
plants which produce the chemicals. The energy intensiveness
of chemicals used in enhanced oil recovery will partially
offset the energy obtained from these wells. In some cases
this offset may be considerable and could be an important
consideration in commercializing the processes.

CONCLUSIONS

ERDA considers enhanced recovery to be one of the most
effective near-term methods for increasing domestic energy
supplies. ©&RDA's present program, owever, does not provide
for maximizing the development of ‘hese resources in the
near term. The assessment of risk has progressed slowly and
commercial applications of enhanced recovery techniques are
not expected until such an assessment is completed. Delays
in commercial applications are further compounded by possible
shortages of injection materials, pius high capital invest-
ment.

Price levels necessary to provide enhanced recovery re-
sources have not been firmly identified; however, pricing is
a primary determinant in assessing commercial applications.
Adequate price levels against which economics could be cal-
culated are essential for establishing industry confidence.

These constraints could slow commercialization of en-
hanced oil and gas recovery and could interact to make ERDA's
revised goals of increased oil and gas production even more
difficult to achieve.
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CHAPTER 5

SCOPE OF REVIEW

We directed our review at the managemeirt of ERDA's en-
hanced 0il and gas recovery program. We interviewed offi-
cials at the following locations.

--ERDA Headauarters, Washington, D.C.

--Bartlesville Energy Research Center, Bartlesville,
Oklahoma.

--Federal Energy Administration Headquarteirs., Washing-
ton, D.C.

-~Gulf Universities Research Consortium, Houston, Texas.
-=-University of Tulsa, Tulsa, Oklahoma.

--Cities Service 0il Company, Wichita, Kansas.
--Phillips Petroleum Company, Bartlesville, Oklahoma.
~--Kewanee 0il Company, Tulsa, Oklahoma.

--Amoco Production Company, Tulsa, Oklahoma.

-~Shell 0il Company, Houston, Texas.

-~Penn Grade Crude 0Oil Association, Bradford, Pennsyl-
vania.

--Guyan 0Oil Company, Parkersbhurg, West Virginia.
--CER Geonuclear Corporation, Las Vegas, Nevada.

--Columbia Gas System Service Corporation, Columbus,
Ohio.

--El Paso Natural Gas Company, El Paso, Texas.

--Physics International Company, San Leandro, Califor-
nia.

--Kentucky-West Virginia Gas Company, Prestonburg,
Kentucky.

--Mobil 0il Corporation, Dallas, Texas.
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--Continental 0il Company, Houston, Texas.
--Gulf 0il Corporation, Houston, Texas.

--0il and Gas Journal, Tulsa, Oklahoma.



APPENDIX I APPENDIX 1

AGENCY COMMENTS AND

GAO EVALUATION

In a letter dated September 14, 1976, ERDA commented on
a draft of this report. Presented below is the text cf the
agency's comments, along with our evaluation,

ERDA COMMENT

"Dear Mr. C-snfield:

"Thank you for the opportunity to comment on the
draft report entitled 'Enhanced 0il and Gas Re-
covery--Federal Effort Moving Slowly.'

"We have reviewed the draft with members of your
staff and we understand that a number of changes
and clarifications which we suggested will be
made. There are, however, several adaitional
changes which we would like to see made in order
that the report may become a more objective, mean-
ingful document for the Congress.

"In addition to being somewhat dated, in general,
we find that the report has a negative rather than
an objective tone and fails to present an adequate
discussion of ERDA's positions on the issues in
question. Even the title seems to reflect this
tone, and may bias “he reader from the outset. We
would suggest a more objective title such as 'An
Evaluation of ERDA's Enhanced 0il and Gas Recovery
Program.' Indeed, the report discusses only ERDA's
program, but does not include other parts of the
'Federal Effort,' such as the regulatory program.

"Frequent comments are made about the need for en-
hanced o0il and gas recovery management plans, but
the report does not recognize that both programs
(oil and gas) started with program plans. These
have since evolved along with the state of knowledge
and industry attitudes.

"Industry opinions are cited in numerous places.

It is important to recognize that the views of
industry concerning the state of enhanced oil re-
covery technology, its applicability, and the costs
of tertiary o0il have changed considerably cver
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APPENDIX 1 APPENDIX I

the past few years, It would be ian order for GAO
to obtain a current industry opinion."

GAO EVALUATION

Our report is current and not dated. We initiated the
review in August 1975, and our draft report submitted to
ERDA reflects information obtained from the Federal Govern-
ment and industry sources through July 1976. Although the
views of industry concerning the state of enhanced oil re-
covery technology, its applicability, and the costs of terti-
ary oil may have changed considerably over the past few
years, as stated by ERDA, most of our discussions with in-
dustry on these matters have all taken place within the past
year.

We have revised the report to show that the number of
ERDA-enhanced oil and gas projects has increased from 15 in
our draft report to 27 as of August 1976 with the Federal
commitment to the projects increasing from about $23 million
to about $47 million.

As part of the Energy Reorganization Act of 1974, the
Bureau of Mines (BOM) enhanced recovery program was trans-
ferred to FRDA in January 1975. Shortly after the reorgan-
ization, ERDA published "A National Plan for Energy Research,
Development, and Demonstration: Creating Energy Choices ror
the Future" (June 1975) which set a goal of increasing com-
mercial oil production by 1.4 million barrels a day and com-
mercial gas production by 8.2 billion cubic feet a day
through enhanced recovery processes. However, ERDA did not
develop a plan to meet these highly optimistic goals or to
increase the recovery of oil and gas at the earliest possi-
ble date using enhanced techniques. Rather, ERDA awarded
contracts to interested and qualified firms expressing a
desire to participate in the BOM program. In fact, most
of ERDA's contracts awarded during 1975 were initiated
by BOM. ERDA recognized that the achievement of its June
1975 goals was not possible and reduced these goals to
500,000 barrels a day and 3 billion cubic feet a day by 1985.
In addition, ERDA is currently reexamining these revised
production goals.

This report attempts to put in perspective the fact
that ERDA has had to drastically reduce the production goals
it initially set for enhanced oil and gas recovery. Although
it would be difficult to predict to what extent ERDA's
initial goals could have been achieved, one of the major
reasons contributing to reducing the goals was the lack of
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a well-defined program reiating projects and fields to the
established goals.

ERDA COMMENT

"The reduction in ERDA's goals for increased national
production of oil and gas from enhanced recovery methods
reflects a change during the past two years in the at-
titudes of the petroleum industry, particularly toward
enhanced oil recovery. 1In 1974, the industry felt it
had enhanced recovery technology nn the shelf, ready

to be used if only the price of o0il cculd make these
expensive processes profitable. Early ERDA goals re-~
flected this optimistic industry belief. 1In 1974,
large increases in oil prices provided the impetus to
invest in field applications of advanced recovery tech-
nologies. Only then was it realized that not enough
was known about the physics, chemistry and engineering
of petroleum reservoirs and their interaction with the
injection materials used for enhanced recovery. In
mid-1974, the best physical chemists in the larger oil
companies were assigned to the enhanced recovery prob-
lem and the information gained since then has served

to make the industry more cautious in its assessment

of these processes and their potential."

GAQ EVALUATION

This information was available to ERDA when it estab-
lished its initial production 5oals in June 1975. as
early as 1973, a study the Gulf Universities Research Con-
sortium made for the Atomic Energy Commission/ERDA pointed
out that

"the state of knowledge regarding enhanced methods
and their application to varying reservoir charac-
teristics, size, depth, lithology, etc. denies any
reasonable estimate of the probable recovery in a
specific reservoir. Only large-scale field tests
supplementeC with highly directed supplemental R&D
can overcome this difficulty."

This information, along with other information developed by
industry since 1974, which ERDA states has made industry
more cautious in its assessment of these processes and their
potential should have been reflected in the 1975 goals.
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ERDA_COMMENT
"It is incorrect to state that ERDA does not have
a program management plan for enhanced o0il and gas
recovery, The enhanced recovery program has been
guided by a 1974 (Interior) proposal for a five
year plan since its inception and the current
and planned projects are a result of that plan.
Naturally, as industry attitudes towards enhanced
recovery have changed, the Government's role has
changed and its program plan has evolved. Our
current efforts are aimed at improving the existing
plan and grounding it on a firm analytical basis,
but the program to date has certainly not bcen
aimless. It has been based on experience and the
best information available. As such, it has been
the product of an evolutionary process. An
improved management plan is expected to be imple-
mented in October 1976. An updated estimate of
the number, type and timing of enhanced oil
recovery tests is currently being developed and
is expected to be a part of this improved management
plan."

GAQO EVALUATION

In our draft report we did not state that ERDA does
not have a program management plan. Rather, we stated that:

"ERDA's efforts to develop and demonstrate
enhanced recovery technologies have been
hampered by the lack of an effective program
management plan."

When the program was transferred from BOM, ERDA did not
develop a revised program to meet ERDA's goals or to opti-
mize enhanced recovery.

The Office of Management and Budget has also criticized
ERDA for not developing an effective program management plan
for enhanced oil and gas recovery. The Office of Manage-
ment and Budget informed us that ERDA has not adequately
identified those ingredients escential to a successful
enhanced recovery program which could result in the most
rapid and effective methods for increasing domestic petro-
leum supplies. As a result, the Office of Management and
Budget has required ERDA to improve its existing management
plan by performing a detailed analysis of the Federal role
in enhanced recovery and the proper scope and content of
a research anj development program. More specifically,
ERDA has been requested to (1) provide estimates of the value
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of a Federal research and development program in enhanced

oil recovery as compared to, and in combination with, other
Federal initiatives to encourage commercialization of terti-
ary recovery technologies and (2) analytically develop a
research and development plan for the most effective allo-
cation of ERDA's enhanced oil recovery budget. Pursuant

to the Office of Management and Budget's request, ERDA started

the same type of study for its enhanced gas recovery program
in December 1976.

[See GAO note, p. 35.]
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[See GAC note, p. 35.]

ERDA COMMENT

"The GAO report cites, in several places, an ERDA
schedule for awarding contracts to conduct demon-
stration tests and criticizes it for planning to
start most of the tests during the latter years of

a seven year program. It should be noted that what
the report refers to is not an ERDA schedule, but
three diffevrent projections of how different funding
distribution, over a five year period, might be re-
flected in actual field test starts. These projec-
tions were reflected in a July 17, 1975, letter

from Dr. Seamans to Franrnk Zarb in response to an
accelerated funding schedule suggested by FEA. The
ERDA letter clearly indicated that while we con-
curred with FEA's suggestion in principle, there were
a number of factors which ERDA needed to consider
before reconciling the exact level of acceleration."

GAOC EVALUATION

We agree that the 103 field demonstration tests were
outlined in a letter to the Administrator of the Federal
Energy Administration projecting how different funding dis-
tribution over a 5-year period uight be reflected in actual
field starts. However, this pr. 'ection/schedule was at
that time, and still is, ERDA's rasis for carrying out its
enhanced o0il recovery demonstration tests. ERDA could
not provide us with any other document outlining its
planned strategy for carrying out its demonstration tests.
ERDA officials told us that an updated estimate of the num-
ber, type, and timing of enhanced o0il recovery tests is
currently being developed and is expected to be a part of
its improved management plan.
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ERDA COMMENT

"ERDA's position is not the result of a lack ot
understanding of the need for urgency; rather,
it is affected by the following factors:

"A. ERDA has constraints on the amount of money

it can spend on enhanced recovery projects and

on the manpower resources it can call up on to
plan, prepare, execute and manage procurements

and monitor projects. For the available manpower
resources, we believe that the program is moving

as fast as possible and, as discussed above, is
undergoing reexamination. Development of the
improved management plan may require a different
mix of people and dollars than the present effort."

GAQ EVALUATION

We agree that funding and manpower resources place
constraints on what can be accomplished under a particular
program. Office of Management and Budget officials indi-
cated to us and to ERDA in budget negotiations that they
were not satisfied with ERDA's current approach for manag-
ing the enhanced o0il and gas recovery programs. As a
result, the Office of Management and Budget directed ERDA
to develop an improved management plan.

The Office of Management and Budget suggested ERDA's
revised management plan include (1) estimates of the value
of a Federal research and development program in enhanced
0il recovery and (2) an analytically developed research
and development plan demonstrating the most effective allo-
cation of ERDA's enhanced o0il recovery budget. TIf ERDA
had, at the start of the program, developed a plan with these
elements, it would have had a better basis for justifying
requests for additional funds to the Office of Management
and Budget.

ERDA COMMENT

"B. It must be recognized that the accelerated
strategy suggested by the GAO is a much riskier

one than ERDA's present plan. The accelerated
schedule would force ERDA to plunge into an
intensive and expensive effort with a minimum

amount of information, understanding and planning.
While the early field tests that ERDA is conducting
may not achieve commercial production for eight

to ten years, they provide very valuable performance
data after two or three years, enabling us to plan
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for and choose the later projects much more
effectively. To accelerate the schedule of
projects, we may need to accept proposals in
advance of information developed by projects,
accept proposals that are inferior to those we
have already funded, or force proposals from
companies that have not planned and budgeted
for such projects. As information from the
earlier tests is made available, more companies
should be encouraged to plan for and seek
joint projects with ERDA."

GAO EVALUATION

Risky projects of this nature are directly in line
with ERDA's role. ERDA's role, as set forth in "A National
Plan for Energy Research, Development and Demonstration:
Creating Energy Choices for the PFuture 1976," is as
follows:

"Since the development and application of enhanced
oil and gas recovery technologies involve high risk
and long lead times, the government is providing
incentives for industry to accelerate development;
the primary responsibility for commercialization,
however, lies with industry.

"The present program provides industry incentives
through cost-sharing, and thus risk-sharing R&D
contracts with industry."

Enhanced recovery appears to have great potential
in increasing our domestic energy supplies (40 to 60
billion barrels, according to the Jatest ERDA estimate) and
it may be beneficial to the Nation .Jor the Federal Govern-
ment to assume some additional risks in this area. Hope-
fully, the information ERDA is developing for its new
management plan will assist ERDA in identifying those res-
ervoirs it needs for its tests and if program acceleration
is warranted, allow the agency to do so without accepting
inferior proposals.

ERDA COMMENT

"It is true that enhanced gas recovery technology is
not as far advanced as that of recovering oil. This
is due to the fact that up until 1974 the wellhead
price for natural gas was under twenty cents per
thousand cubic feet (MCF). No incentive was present
to develop advanced--and necessarily expensive--—
technologies to reconver such a low-value commodity.
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Even today, natural gas price regulation dampens
industry interest and creates great economic
uncertainties with respect to enhanced gas recovery."

GAO EVALUATION

The purpose of this section is to report on the status
of ERDA's enhanced gas recovery efforts and to show that
the program is not moving along as fast as it should.

We recognize that keeping the wellhead price of natural
gas down may hinder research and d:velopment and may create
economic uncertainties with respect to enhanced gas recovery
and have revised the report to show ERDA's concern for the
effects of gas pricing on research and development.

ERDA COMMENT

"The enhanced gas recovery tests conducted to date
should not be called failures. Much very valuable
information was learned about displacing chemical
explosives in fractures and detonation of the
explosives. The success of these tests cannot be
measured in terms of gas production, especially
considering the quality of the wells made available
for the tests.”

GAO EVALUATION

In our report we do not state that the enhanced gas
recovery tests were failures. 1nstead, we point out that
the results have been disappointing because little addi-
tional gas had been produced. We also point out that the
reasons for the lack of considerable production during these
tests are generally unknown. While we agree that some
valuable information may have been learned about displacing
chemical explosives in fractures and about detonating them,
it is nevertheless difficult to measure the worth of the
information ERDA may have obtained from these tests.

[See GAO note.]

GAO note: Three comments in ERDA's letter were deleted be-
cause of changes to the final report.
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UNITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
WASHINGTON, D.C. 20545

SEP 14 1976

Mr. Monte Canfield, Jr., Director
Energy and Minerals Division

U.S. General Accounting Office
Washington, DC 20548

Dear Mr. Canfield:

Thank you for the opportunity to comment on the draft report entitled
"Enhanced 011 and Gas Recovery -- Federal Effort Moving Slowly."

We have reviewed the draft with members of your staff and we understand
that a number of changes and clarifications which we suggested will be
made. There are, however, several additional changes which we would
like to see made in order that the report may become a more objective,
meaningful document for the Congress.

In addition to being somewhat dated, in general, we find that the report
has a negative rather than an objective tone and fails to present an
adequate discussion of ERDA's positions on the 1ssues in question. Even
the title seems to reflect this tone, and may bias the reader from the
outset. We would suggest a more objective title such as "An Evaluation
of ERDA's Enhanced 011 and Gas Recovery Program."” Indeed, the report
discusses only ERDA's program, but does not include other parts of the
"Federal Effort," such as the regulatory program.

Frequent comments are made about the need for enhanced oil and gas
recovery management plans, but the report does not recognize that both
programs (oil and gas) started wish program plans. These have since
evolved along with the state of knowledge and industry attitudes.

Industry opinions are cited in numerous places. It is important to
recogn“ze that the views of industry concerning the state of enhanced
oil recovery technology, its applicability, and the costs of tertiary
o1l have changed considerably over the past few years. It would be in
order for GAO to obtain a current industry opinion.
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Mr. Monte Canfield, Jr, -2 -

Attached are comments on specific remaining issues discussed in the
report which we would like tc see modified so as to reflect our views.
They do not represent the total editorial change necessary to implement
the suggested modifications throughout the document.

Sincerely,

/

Y . B4 .
v, L, AN

M. C: Greer
Controller

.
<

Attachment:
As stated
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ATTACHMENT

*  Reduction of 1985 Production Goals

The reduction in ERDA's goals for increased national production of

oll and gas from enhanced recovery methods reflects a change during
the past two years in the attitudes of the petroleum industry,
particularly toward enhanced oil recovery. In 1974, the industry

felt it had enhanced recovery technology on the shelf, ready to be
used if only the price of oil could make these expensive processes
profitable. Early FRDA goals refle.ted this optimistic industry belief.
In 1974, large increases in oil prices provided the impetus to invest
in field applications of advanced recovery technologies. Only then
was 1t realized that not enough was known about the physics, chemistry
and engineering of petroleum reservoirs and their interaction with the
injection materials used for enhanced recovery. In mid-1974, the best
physical chemists in the larger oil companies were assigned to the
euaanced recovery problem and the information gained since then has
served to make the industry more cautious in its assessment of these
processes and their potential.

Lack of Management Plan

It is incorrect to state that ERDA does not have a program management
plan for enhanced oil and gas recovery. The enhanced recovery program
has been guided by a 1974 (Interior) proposal for a five year plan since
its inception and the current and planned projects are a result of that
plan. Naturally, as industry attitudes towards enhanced recovery have
changed, the Government's role has changed and its program plan has
evolved. Our current efforts are aimed at improving the existing plan
and grounding it on a firm analytical basis, but the program to date
has certainly not been aimless. It has been based on experience and
the best information available. As such, it has been the product of

an evolutionary process. An improved management plan is expected to be
implemented in October 1976. An updated estimate of the number, type
and timing of enhanced oil recovery tests is currently being developed
and is expected to be a part of this improved management plan.

[See GAO note, p. 40.]

38



APPENDIX II APPENDIX II

[See GAO note, p. 40.]

Demonstration Schedule Lacks Urgency

The GAO report cites, in several places, an ERDA schedule for awarding
contracts to conduct demonstration tests and criticizes it for planning
to start most of the tests during the latter years of a seven year
program, It should be noted that what the report refers to is not

an ERDA schedule, but three different projections of how different
funding distribution, over a five year period, might be reflected in
actual field test starts. These projections were reflected in a

July 17, 1975, letter from Dr. Seamans to Frank Zarb in response to

an accelerated funding schedule suggested by FEA. The ERDA letter
clearly indicated that while we concurred with FEA's suggestion in
principle, there were a number of factors which ERDA needed to con-
sider before reconciling the exact level of acceleration.

ERDA’s position 1s not the result of a lack of understanding of the
need for urgency; rather, it is affected by the following factors:

A, ERDA has constraints on the amount of money it can spend on
enhanced recovery projects and on the manpower resources it can call
up on to plan, prepare, execute and manage procurements and monitor
projects. For the available manpower resources, we believe that the
program is moving as fast as possible and, as discussed above, is
undergoing reexamination. Development of the improved management
plan may require a different mix of people and dollars than the
present effort,

B. It must be recognized that the accelerated strategy suggested by
the GAO is a much riskier one than ERDA's present plan. The
accelerated schedule would force ERDA to plunge into an intensive
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and expensive effort with a minimum amount of information, understanding
and planning. While the early fileld tests that ERDA 1s conducting may
not achieve commercial production for eight to ten years, they provide
very valuable performance data after two or three years, enabling us to
plan for and choose the later projects much more effectively. To
accelerate the schedule of projects, we may need to accept proposals in
advance of information developed by projects, accept proposals that are
inferior to those we have already funded, or force proposals from com-
panies that have not planned and budgeted for such projects. As informa-
tion from the earlier tests is made available, more companies should be
encouraged to plan for and seek joint projects with ERDA.

Slow Progress in Gas Recovery Technology

A. It is true that enhanced gas recovery technology is not as far
advanced as that of recovering oil. This is due to the fact that up
until 1974 the wellhead price for natural gas was under twenty cents
per thousand cubic feet (MCF). No incentive was present to develop
advanced--and necessarily expensive--technologies to recover such a
low-value commodity. Even today, natural gas price regulation
dampens industry interest and creates great economic uncertainties
with respect to enhanced gas recovery.

B. The enhanced gas recovery tests conducted to date should not be
called failures. Much very valuable information was learned about
displacing chemical explosives in fractures and detonation of the
explosives. The success of these tests cannot be measured in terms
of gas production, especially considering the quality of the wells
made available for the tests.

[See GAO note.]

GAO note: Three comments in ERDA's letter were deleted be-
cause of changes to the final report.
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FEDERAL ENERGY ADMINISTRATION
WASHINGTON, D.C. 20461

SEP 15 1976 OFFICE Gi THE ASSISTANT ADMINISTRATOR

Mr. Monte Canfield

Director, Energy and Mineral Division
General Accounting Office

Washington, D.C. 20548

Dear Mr., Canfield:

This responds to your letter of August 9, 1976, regarding
your report, "Enhanced 0il and Gas Recovery--Federal

Effort Moving Slowly." The report has been reviewed,

as requested, and comments are attached. Briefly, it is
agreed that Enhanced 0il Recovery (EOR) has not con-
tributed very much toward increasing hydrocarbon pro-
duction. Some of the problems with EOR are discussed in the
attached comments. Generally, the EOR technology is old

and applications have not been very successful.

If we can be of further assistance, please do not hesitate
to contact us.

Rogenberg
As8istant Admjinistrator
Energy Resourfe Development

Enclosure
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The GAO report, "Enhanced Oil and Gas Recovery--Federal
Effort Moving Slowly," is a critique of the Energy Research
.nd Development Administration (ERDA) effort and contains
recommendations for improving ERDA performance.

The enhanced oil recovery contribution to o0il production is
hardly increasing in spite of Federal efforts as the
Government Accounting Office (GAO) points out. The following
discussion is offered in consideration of the ERDA program.

Enhanced 0il Recovery (EOR)

Industry has been concerned with enhanced oil recovery for
most of the present century. The EOR techniques which first
proved commercial were waterflooding and, to a lesser degree,
gas driving. Vacuum was widely applied to producing wells,
however the beneficial effects were due mostly to resulting
gas drive.

Combustion in oil reservoirs was attempted early in the
century, but the technology was too crude for success. On
the other hand, air injection, a form of gas driving, was
fairly widely used. Combustion has not been an important
EJOR technique and is generally thought to have a relatively
restricted usage.

Subsequent to World War II, industry undertood an intense
EOR research program. Most major oil companies had
research programs in thermal, surface active agents,
miscible, carbon dioxide, wettability~-reversal, and some
forms of mobility control for improving oil recovery
efficiency. In the 1950's field tests were undertaken

in thermal methods (Mobile, Sinclair), miscible (Stanolingd,
Atlantic, Humble), wettability-reversal (Stanolind)

carbon dioxide (ORCO and others), etc. None of these
techniques have found wide application. The most sucressful
by far has been steam injection in the heavy o0il reservoirs
in California. However, outside that State, the technigue
is rarely used. Most of the other test results were
economic failures. The research effort in all techniques
is continuing and gyetting quite sopbisticated in all

areas. The sophistication normally indicates significant
increases in cost for the processes.

The introduction of high molecular weight polymers in the
1960's, particularly polyacrylamide for mobility control,
spawned a new wave of tests. Polymers were tried to

increase waterflood efficiency with spotty success.

Polymer technology was then linked to surfactant technology
in hopes of obtaining a synergistic benefit. This technology
is £%ill developing, but the expenses are very high without
much indication of commensurate reward.
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Test of combustion waves, selective plugging, frontal '
displacement by steam, alcochols, combinations of combustion
and water injection, and carbonated waterflpoding have

been economic failures except in unique cases.

The purpose of this discussion is to indicate that EOR is

an oil topic in the oil industry. The patent and technical
literature on the subject is vast. The successes of new

EOR technology, steam in California and carbon dioxide in
Scurry County, Texas, and high pressure miscible gas in

Crane County, Texas, were projects started years ago when

oil was fourfold lass expensive. The processes have had a very
minor impact on increased production since the embargo. A
significant and essential consideration in the Texas EOR
projects was the increased production allowed bv the Texas
Railroad Commission. Since production is hardly restricted

by regulation at present, this incentive is no longer
applicable. .
The combined production attributed to all the new EOR

technology is less than 250,000 barrels of oil per day and

most of this is from steam injection in California.

The entry of ERDA into the EOR field was stimulating and

helpful. Unfortunately, the projects they had to choose

from were pretty well shopworn. The state of the art

may have contributed to the contracting problems discussed

by GAO. The selection of prospects for support would

require a thorough geologic review to assure the lithology,
mineralogy, reservoir coatinuity, structure, etc., was

compatible with the proposed process. The particular

process would have to be evaluated against prior results

and technically evaluated to assure that a reasonable contribution
to the o0il recovery art would be obtained. Additionally, the
bureaucratic contracting process would impose additional

lelays.

Tight Gas Reservoir Stimulation

The same general comments made concerning EOR also apply

to stimulation of tight gas reservoirs. Industry has tried
many different stimulation techniques including hydraulic
fracturing, a variety of chemical explosives, and nuclear
explosives. Those which have responded sufficiently to be
economically attractive have been developed, but the large
volume of gas in the tighter rescervoirs to which GAO peoints
are not good candidates.

It is probable that technolcgy to develop these tight gas
reservoirs is still in the research stage and the success of
such research cannot be determined. 1In the meantime, it
would appear the only course left to ERDA is to push for
projects using the old techniques.
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General

A significant problem with government sponsorship of hydro-
carbon recovery techniques concerns propriety considerations.
Anv EOR technique whic - is successful is a very valuable
property and would alm.st certainly be protected by patents
or, less likely, maintained as a trade secret.

The nominal contribution by government, compared to the
potential of a successful ECR technique, may not be worthwhile.
This would tend to reduce the ERDA opportunities to second-
class prospects.

The development of a management plan as requested on page
24 of the report is a difficult task. The determination
of the most efficient type of EOR technique to use could
be presumptuous at the present level of technology. As a
matter of fact, reservoir damage could be incurred which
could cost the Nation future reserves recoverable by some
new appropriate technique.

The lack of equipment, materials, and supplies as a problem

in starting EOR projects is probably an excuse rather than

a reason. Short-term shortages may be expected for some

items. However, the chemical and equipment industry inherently
respond faster than the o0il industry. Shortages, other than
shc t-term, are unlikely.
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STATUS_OF_MAJOR_ERDA
FIELD PDEMONSTRATION PROJECTS
AS GF SEPTEMBEL 20, 1276

o1L
1. Contractor: Cities Service 0il Company
Contract Date: June 26, 1974
Anticipated Completion: October 1978
Total Project Cost: $7,098,394
Government Award: $3,002,117
Type Project: Micellar-Polymer Flood

PROJECT STATUS

Prime attention has been given to treating selected
wells with an acid solvent and conducting other
tests. The preliminary test rcsults were reported
to have been encouraging.

2. Contractor: Phillips Petroleum Company
Contract Date: May 12, 1975
Anticipated Completion: August 1979
Total Project Cost: $9,764,514
Government Award: $3,402,042
Type Project: Micellar-Polymer Flood

PROJECT STATUS

Construction and installation of facilities and
equipment is nearing completion. Reservoir
evaluation testing is underway and simulations
of production and injection rates are being
performed.

3. Contractor: Penn Grade Crude 0il Association
Contract Date: June 30, 1975
Anticipated Completion: June 30, 1980
Total Project Cost: $4,444,000
Government Award: $2,222,000
Type Project: Micellar-Polymer Flood

PROJECT STATUS

Preliminary testing was underway to determine
the feasibility of micellar-polymer flooding

of low permeability reservoirs. The injection
of a biopolymer was begun in October 1975 and
continued through February 1976. Test data
obtained from these injections were being eval-
uated for transient fluid flow characteristics.
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4, Contractor: Gary Opercting Company
Contract Date: June 30, 1976
Anticipated Completion: June 30, 1981
Total Project Cost: $5,039,000
Government Award: $2,519,500
Type Project: Micellar-Polymer Flood

PROJECT STATUS

New Project

5. Contractrr: City of Long Beach
Contract Date: July 6, 1976
Anticipated Completion: December 31, 1980
Total Project Cost: $7,000,000
Government Award: $3,500,000
Type Project: Micellar-Polymer Flood

PROJECT STATUS

New Project

6. Contractor: Guyan 0il Company, Inc.
Contract Date: September 1, 1975
Anticipated Completion: August 31, 1978
Total Project Cost: $3,246,260
Government Award: $1,200,000
Type Project: Carbon Dioxide Injection

PROJECT STATUS

Final project design and installation of
facilities is expected to take about 12 months.
Injection and evaluation phases are expected to
require 24 months for a total project life of

3 years.
7. Contractor: Columbia Gas Transmission Corp.
Contract Date: June 3, 1976
Anticipated Completion: June 1979
Total Project Cost: $1,416,316
Government Award: $ 472,300
Type Project: Carbon Dioxide Injection

PROJECT STATUS

This is a new project. Reservoir pressure was
raised up to 1,000~-1,200 psi before the contract
started. Carbon dioxide injection was started

in July. Carbon dioxide injection rates are

now being balanced to equalize injection volumes.
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8. Contractor: Pennzoil Company
Contract Date: June 30, 1976
Anticipated Completion: July 1981
Total Project Cost: $2,627,500
Government Award: $1,021,450
Type Proiject: Carbon Dioxide Injection

PROJECT STATUS

New Project:

9. Contractor: Kewanne 0il Company
Contract Date: June 26, 1975
Anticipated Completion: May 1979
Total Project Cost: $3,884,890
Government Award: $1,150,752
Type Project: Polymer Flood

PROJECT STATUS

Field activity has been directed toward
installing equipment and facilities. Prep-
arations were being made for a mini-injectivity
chemical test.

10. Contractor: Shell 0Oil Company
Contract Date: June 26, 1975
Anticipated Completion: June 30, 1979
Total Project Cost: $7,274,872
Government Award: $2,168,206
Type Project: Polymer Flood

PROJECT STATUS

The water injection facilities and the polymer
injection facilities were 92 percent completed.
The production facilities were in service and
tests were being run to establish the accuracy
of the test equipment.

11. Contractor: Husky 0il Company
Contract Date: January 24, 1975
Anticipated Completion: January 23, 1980
Total Project Cost: $6,791,800
Government Award: $2,000,000
Type Project: Thermal Recovery

PROJECT STATUS

Development drilling for the project was
completed in January 1976. Reservoir and
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geological evaluations have been made and
steam stimulation of selected test wells has
been accomplished. An increase in production
of about 30 percent was attributed to the
steam stimulation. Production averaged 43
barrels a day from 9 test wells,

12. Contractor: Hanover Petroleum Company
Contract Date: Januvary 24, 1975
Anticipated Completion: January 23, 1979
Total Project Cost: $3,048,059
Government Award: $ 951,725
Type Project: Thermal Recovery

PROJECT STATUS

Several attempts were made to ignite one test well dur-
ing the period of October 1, 1975, through January 1.
1976. On February 2, 1976, the company decided to
abandon the well due to mechanical problems and high
injection ‘essures and selected another well for

testing.

13. Contractor: Carmel Energy, Inc.
Contract Date: April 1, 1976
Anticipated Completion: September 30, 1977
Total Project Cost: $825,534
Government Award: $675,547
Type Project: Thermal Recovery

PROJECT STATUS

Construction has commenced on the new Vapor
Thermal unit for recovery of heavy oil.
Drilling has started on the process wells.

14. Contractor: Getty 0il Company
Contract Date: June 25, 1976
Anticipated Completion: July 1980
Total Project Cost: $8,700,000
Government Award: $2,000,000
Type Project: Thermal Recovery

PROJECT STATUS

New Project

15. Contractor: Cities Service 0il Company
Contract Date: June 1, 1976
Anticipated Completion: June 30, 1982
Total Project Cost: $8,229,000
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Government Award: $3,102,000
Type Project: Thermal Recovery

PROJECT STATUS

New Project

l16. Contractor: Chanslor Western Company
Contract Date: June 16, 1976
Anticipated Completion: June 1983
Total Project Cost: $8,247,000
Government Award: $1,700,000
Type Project: Thermal Recovery

PROJECT STATUS

New Project

NATURAL GAS

17. Contractor: CER Geonuclear Corporation
Contract Date: June 19, 1974
Anticipated Completion: March 1977
Total Project Cost: $3,475,000
Government Award: $1,975,0M3
Type Project: Massive Hydraulic Fracture

PROJECT STATUS

Two massive hydraulic fractures have been
completed. Results from tlese i1ractures
were well below expectations. Plans for
third and fourth fracturing phases are
being studied.

18. Contractor: Columbia Gas System Service Corp.
Contract Date: June 18, 1975
Anticipated Completion: December 1977
Total Project Cost: $4,395,000
Government Award: $2,154,155
Type Project: Massive Hydraulic Fracture

PROJECT STATUS

In January 1976, ERDA reported that surface owner-
ship complications had delayed access to the planned
well site location which required the first of three
wells to be relocated. As a result, field activities
are 3 months behind schedule. 1In March 1976, studies
to determine the design of stimulation treatments were
reportedly in progress.

49



APPENDIX IV

19.

20.

21.

22.

23.

Contractor:

Contract Date:
Anticipated Completion:
Total Project Cost:
Government Award:

Type Project:

APPENDTY TV

Columbia Gas Systems Inc.
July 29, 1976

February 1979

$4,803,715

$2,500,000

Advanced Hydraulic Fracturing

PROJECT STATUS

New Project

Contractor:

Contract Date:
Anticipated Completion:
Total Project Cost:
Government Award:

Type Project:

Gas Producing Enterprises, Inc.
September 9, 1976

April 1978

$6,986,000

$2,155,000

Advanced Hydraulic Fracturing

PROJECT STATUS

New Project

Contractor:

Contract Date:
Anticipated Completion:
Total Project Cost:
Government Award:

Type Project:

Mobil 0Oil Corp.

August 27, 1976

February 1978

$6,5G06,675

$2,600,000

Advanced Hydraulic Fracturing

PROJECT STATUS

New Project

Contractor:

Contract Date:
Anticipated Completion:
Total Project Cost:
Government Award:

Type Project:

Pacific Transmission Supply Co.
September 13, 1976

January 1979

$2,395,512

$1,098,755

Advanced Hydraulic Fracturing

PROJECT STATUS

New Project

Contractor:

Contract Date:
Anticipated Completion:
Total Project Cost:
Government Award:

Type Project:

Physics International Company
May 15, 1975

October 14, 1976

$381,356

$381,356

Novel Fracturing Technique
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24.

25.

PROJECT STATUS

The objective of this project is to develop and
evaluate a method of well stimulation that is
based on generating a multiple vertical fracture
pattern in a gas or oil-bearing reservoir. Five
wells were stimulated during the period Octoker 24
through November 4, 1975. Production did not in-
crease in one well and evaluations of the other
wells were being performed.

Contractor: El Paso Natural Gas Company
Contract Date: September 19, 1975
Anticipated Completion: October 1978

Total Project Cost: $4,761,000

Government Award: $1,608,000

Type Project: Massive Hydraulic Fracture

PROJECT STATUS

The first phase of the project has been completed.
During 37 days of testing, 16.2 million cubic
feet of natural gas was produced. The contract
provides that under certain conditions two 2ddi-
tional phases may be performed under supplemental
agreements. No decision has been made concerning
these additional tests.

Contractor: Kentucky-West Virginia Gas Company

Contract Date: June 12, 1975

Anticipated Completion: October 1979

Total Project Cost: $229,500

Government Award: $169,700

Type Project: Directionally Deviated Wells
and Inducing Multiple Hydraulic
Fractures

PROJECT STATUS

A four-stage hydraulic fracture treatment was
conducted on the Company's well No. 7239, Big

Sandy Field, Perry County, Kentucky. Four 100-
fcot zones were treated successfully. Prelim-
inary test results indicated that the reservoir
pressure was very good, but that the deliverability
was very poor.

51



APPENDIX IV APPENDIX IV

26. Contractor: Tally-Frac Corp.
Contract Date: June 24, 1974
Anticipated Completion: Completed
Total Project Cost: $131,083
Government Award: $131,083
Type Project: Chemical Explosive Fracture

PROJECT STATUS

Detonation of 15,000 pounds of liquid explosives
was successfully carried out on November 14, 1974.
Final production tests on this well showed no
improvement in production. A second well was also
successfully fractured, however, the well showed
no effect from the explosive fracture treatment.

A third well was fractured and production was
slightly improved over that previously experienced.

27. Contractor: Petroleum Technology Corp.
Contract Date: June 24, 1974
Anticipated Completion: December 24, 1975
Total Project Cost: $474,000
Government Award: $474,000
Type Project: Chemical Explosive Fracture

PROJECT STATUS

Detonation of 20,000 pounds of explosive was
successfully conducted in two different wells

in West Virginia. A third well in Virginia was
detonated with 30,000 pounds of explosive. Produc-
tion tests show no improvement in the West Virginia
wells, and an increase in the production rate of the
Virginia well.
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PRINCIPAL QFFICIALS
RESPONSIBLE FQR-APMINISTERING

ACTIVITIES DISCUSSED IN THIS REPORT

Tenure of office

From To

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

ADMINISTRATOR:
Robert C. Seamans, Jr. Jan. 1975 Present

ACTING ASSISTANT ADMINISTRATOR
FOR FOSSIL ENERGY:

S. William Gouse, Jr. Jan. 1975 June 1975

ASSISTANT ADMINISTRATOR FOR
FOSSIL ENERGY: '
Philip C. White June 1975 Present
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