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1. SUMMARY

The Department of Energy (DOE) has embarked on a program to accelerate
the development of domestic energy resources. One project under this
program is the Western Gas Sands Project (WGSP) which is directed toward
development of new or improved techniques for recovering natural gas
from low permeability reservoirs currently not economic. The principal
activities that comprise this project are:

o3t

Project Management
Resource Assessment

Research and Development by Energy Research Centers
and National Laboratories

Field Tests and Demonstrations

Project Management assures coordination between the various activities
and furnishes technical and financial monitoring of the various projects.
An economic analysis will be prepared on each area utilizing available
field data, but since this is an ongoing evaluation throughout the pro-
ject's duration, all such analyses will be interim. Environmental
assessments prepared for field projects will be reviewed and analyzed.
Periodic progress reports will be prepared to summarize project activi~
ties and an information management system will assure timely dissemination
of useful data to the public.

Resource Assessment includes geological and geophysical studies performed
mainly by the U.S. Geological Survey (USGS). Efforts will continue to
upgrade logging tools and interpretation techniques with emphasis being
placed on field testing of the new gravimeter under development. Core
samples from specific areas will be taken and a routine core analysis
will be performed by a commercial laboratory. Special analyses will be
performed by the USGS, Bartlesville Energy Research Center (BERC), Law=~
rence Livermore Laboratory (LLL), and others.

CER Corporation will continuously monitor the drilling and exploratory
activities in the Uinta, Piceance, Greater Green River Basin and the
Northern Great Plains Province.

Intercomp Resource Development and Engineering, Inc. will perform a
reservoir engineering evaluation of the previous massive hydraulic frac-
ture (MHF) tests using numerical simulation techniques.

Research and development activities funded by DOE have been directed
toward new tools and instrumentation systems, rock mechanics, modeling
and data analysis. The activities are performed primarily by DOE's



Energy Research Centers, National Laboratories and the USGS. BERC is
monitoring a contract with Sandia Laboratories which involves the deve-
lopment of an improved pressure coring tool. BERC is also involved in

a research effort to define MHF design parameters. This includes evalu-
ation of potential productivity of low permeability and low porosity
formations by applying new or innovative logging techniques and inter-
pretations. The amount of formation damage due to invasion of hydraulic
fracturing fluids is also being investigated. ILawrence Livermore Lab-
oratory has a research program aimed at understanding stimulation
processes. Sandia Laboratories, through their mineback procedures at
the DOE's Nevada Test Site, is offered direct observation and evaluation
for determining in situ stress distributions, fracture orientation and
geometry and other fracturing results, such as proppant distribution.
Sandia also has developed the surface electrical potential system for
fracture orientation determination. The development of a down-hole
seismic sensor may offer a better opportunity to measure fracture height
and orientation and may shift the emphasis from surface detection of
fracture related signals to a down-hole system..

Field tests and demonstrations comprise an essential part of the WGSP.
In the field, application of new skills and techniques are implemented
for final evaluation and assessment. Four field projects will carry
over into FY 78. These are:

Gas Producing Enterprises Incorporated, Uinta Basin, UT

Mobil Research and Development Corporation, Piceance
Basin, CO

Rio Blanco Natural Gas Corporation, Piceance Basin, CO

A consortium of industry companies managed by CER
Corporation, Piceance Basin, CO

One additional contract has been let for a joint DOE/Industry stimulation
project with Colorado Interstate Gas Corporation, northeast of Denver.

All of the MHF wells, with the exception of one, have been fractured in
the planned formations with the Mobil and GPE No. 14, 18 and 20 wells
showing significant improvement as compared to original flow rates.



2. INTRODUCTION

2.1 Background

The Department of Energy (DOE) has embarked on a program to accelerate
the development of domestic energy resources. One of the projects under
this program is the Western Gas Sands Project. It is directed toward
the development of new or improved technigques for recovering natural gas

from low permeability reservoirs that currently cannot be economically
produced.

Geologic studies have indicated that an immense resource of natural gas
exists in these reservoirs in a number of geologic basins scattered
throughout the western states (Figure 2-1).

The low permeability gas sands are interbedded with shale throughout
intervals thousands of feet thick. Potentially productive sands within
these intervals might number a hundred or more and may range in thick-
ness from a few feet to more than 100 feet and may either be "blanket"
having large areal extent, or lenticular of unknown size.

As identified by the Federal Power Commission (FPC) study in 1973
and supplemented by the United States Geological Survey (USGS), four
of these areas are large in areal extent, contain a large fraction of

known low permeability reservoirs and have a sizable existing data base
(Table 2-1).

The project, as currently conceived, spans eight years and the Federal
Govermment's contribution has been estimated at $150 million. The rate
of technological development depends upon the yearly budget levels.

2.2 Project Objectives and Strateqgy

The purpose of the project is to encourage and supplement industrial
efforts in developing technology and demonstrating the economic feasi-
bility of producing natural gas from these reservoirs.

The project objectives are:

a. To more accurately define the resource base.

b. To determine physical and chemical properties of the
reservoirs.

c. To determine appropriate stimulation technology.
d. To assess potential gas reserves and demonstrate economic

productivity to encourage industrial development of the
resource.
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Achieving these objectives will require:

a. activating the Petroleum Information Well Data Bank
Program by the USGS and utilizing new and revised
geological information to determine optimum drilling
sites for resource confirmation and production re-
search activities.

b. cost-sharing field tests with industry to characterize
the reservoirs and to test and refine production stim-
ulation technologies, particularly massive hydraulic
fracturing.

c. maintaining an effective research program in government,
industry and academic institution laboratories for en-
hanced gas recovery from low permeability reservoirs.

d. incorporating and building upon industry R&D results.

e. economic analyses and technology transfer.

2.3 General Project Bctivities

The base funding level for FY 78 (approximately $5,000,000) is signifi-
cantly smaller than anticipated in the general project plan. Conseguently,
the bulk of the FY 78 effort will be in resource assessment, continuation
of current field projects, analysis of results from completed field tests,
geophysical logging and coring tool development and detailed planning and
analysis in preparation for FY 79. Anticipating substantially increased
FY 79 funding, plans will be made for the initiation of new laboratory R&D
activities, and additional joint government/industry field projects.

FPiqure 2-2 shows a breakdown of the project by elements. Figure 2-3
identifies activities that will be accomplished both concurrently and
sequentially. Some field tests are dependent upon the outcome of re-
source assessment as well as laboratory evaluations, while others can be
conducted immediately.

2.3.1 Project Management

The Western Gas Sands Project is a complex multi-year effort involving
Federal agencies, State organizations, universities and industry. The
Project will be managed through a project office consisting of a pro-
ject manager, his staff and selected consultants with contractual support
from an appropriate DOE office.
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The roles and responsibilities of the project participants are summarized
in Table 2-2. The roles and responsibilities are traditional with the
exception of the project office, which must operate as the interface be-
tween DOE and contractors. During the year the project office will

monitor project activities and perform reviews on technical adequacy,
technique and results.

Routine performance reports as detailed in Section 6 will be required
from all participants and will be summarized by the project manager and
submitted to the appropriate DOE offices and participants. The reports
will summarize progress on all activities and plans for the following

month. In addition, cost data and activity schedule information will
be reported.

Reports issued will be available from the National Technical Information
Service and in open files at various locations. 1In addition, use of
technical forums, symposiums and workshops, publications in technical
journals., and other means of disseminating information will ensure
technology transfer to industry.

As cost and production data become available, the economic viability of
commercial development can be estimated, based on both prevailing and
projected price structures.

2.3.2 Resource Assessment

Resource assessment includes geological and geophysical studies to better
understand the target resource base. One of the tasks will be to continue
the gathering and synthesis of available well data taken from an existing
computerized data bank along with other available information. Continued
effort in general and detailed mapping are needed to improve the under-
standing of the gas bearing formations and trapping mechanisms. This work
will lead to selection of sites where new subsurface information is needed
from cores, geophysical logs, and gas-production tests. Some of these
sites will likely become the locations for field R&D activities; and when
sufficient information is accumulated, accurate resource estimates will

be possible. The appraisals will delineate and characterize the reservoirs
of each area that are the most promising for economic development.

2.3.3 Research and Development by Energy Research Centers and
National Laboratories.

Research and development effort will continue in conjunction with field
studies with the principal effort directed toward developing equipment
and techniques required for accurate resource and stimulation evaluation.
This will include development and refinement of techniques for recovering
cores at reservoir conditions, improving logging instrumentation and
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interpretation, and improving production testing techniques. Equipment
and techniques will be developed to better estimate induced fracture
geometry and orientation. Other laboratory support will include reser-
voir simulation and computer use to provide a basis for conducting
statistical, parametric and prediction analyses. Test data will be used

. to validate the models, which in turn, may be used in the interpretation

of subsequent test results.

Innovative stimulation technology will be considered. Core samples will
be analyzed to obtain rock mechanics data and other formation properties
to improve stimulation technology.

The major energy research centers and national laboratories actively
participating in FY 78 are Bartlesville Energy Research Center, Lawrence
Livermore Laboratory, and Sandia Laboratories.” Morgantown Energy Re-
search Center is handling the Eastern Gas Shales Project which is similar
in structure to the Western Gas Sands Project and many of their activities
may be applicable. Los Alamos Scientific Laboratory is also involved in
fracturing research activities which could be helpful.

Bartlesville Energy Research Center will handle R&D tasks associated with
logging research, rock-fluid interactions, instrument development (such

as new coring and logging tools) and will provide various other support

as the project develops. Lawrence Livermore Laboratory primarily is pur-
suing modeling and computer applications associated with fracturing
processes. Sandia is developing instrumentation systems to determine
fracture orientation and geometry, to collect production test data in

the field and to obtain pressurized cores. They also are evaluating
fracturing by mining through induced fractures in formations at the Nevada
Test Site.

2.3.4 Field Tests and Demonstrations

Some field tests begun in FY 77 will be continued and one or two new
tests may be initiated. The selection of future test sites and promising
technical approaches will utilize information obtained from these and
earlier tests. There will be continuing effort in improving the effect-
iveness of stimulation treatments. Data will be taken before and during
field tests for analysis of the potential environmental impact of large-
scale commercial development.

-11~



3. PROJECT MANAGEMENT

The Western Gas Sands Project is in the management structure of the
Division of 0il, Gas, Shale and In Situ Technology at DOE Headquarters
which will provide overall program guidance. A project office has been
established consisting of a Project Manager provided by DOE's Bartles-
ville Energy Research Center (BERC), his staff and project consultants.
DOE's Nevada Operations Office will handle the major procurement actions
and contract administration. Because of the desirability to maintain
close liaison between the project office and the contract and procurement
functions, the project manager is housed at the Nevada Qperations Office
in Las Vegas. A breakdown of the various elements involved in the pro-
ject management function is shown in Figure 3-1.

Technical and financial monitoring of the various projects, both labora-
tory and field, will be an ongoing function. Coordination between the
various activities will be emphasized. An accurate and comprehensive
reservoir data collection, analysis and interpretation program will be
initlated early in the year. An economic analysis will be done on each
area utilizing available field data. Since this is an ongoing evalua-
tion through the project's lifetime, all such analyses will be interim.
Environmental assessments prepared for field projects will be reviewed
and analyzed to estimate the regional effects of potential large-scale
commercial applications. Preparation of periodic progress reports will
summarize project activities. An information management system will be
established to effect timely dissemination of useful data.

Several procurement items will be initiated; some of which will be add-
ons to industry activities, such as obtaining cores in areas of interest.
Technical details for future RFP's will be developed as will evaluation
of proposals. The funds allocated to the Western Gas Sands Project in
FY 78 are $5,000,000, distributed as shown in Table 3-1. This does not
include funds previously committed but as yet not costed. The total
funds available at the beginning of the fiscal vear, both committed and
non-committed, are approximately $5,745,000. The current funding does
not allow for the establishment of any significant new field projects
although there are adequate funds to perform the preparatory work needed
to initiate a substantial field program in FY 79.

3.1 Technical and Administrative Support

CER Corporation is under contract to DOE to provide technical and admin-~
istrative support services. The programatic support to the Project
Manager is in the following areas:

a. Provide technical summaries of significant developments
related to the WGSP. Prepare monthly status reports and
other documents which might be requested. Provide tech-
nical information requested for the development of RFP's,

13 =13~
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b. Maintain liaison with industry and remain current on stim-
ulation technology on various projects which are conducted
outside the DOE programs to the extent possible and identify
any innovations for investigation and possible inclusion
into the DOE programs.

c. Conduct routine visits to State and Federal offices to
obtain drilling and completion information to monitor work
currently being performed in low permeability gas sand
areas in the western United States.

d. Recommend key wells being drilled by industry for coring
contracts.

e. Monitor specific field activities as requested and assist
in developing criteria and specifications in such areas as
production testing.

f. Update the Project Plan Document FY 78 for FY 79 to in-
clude detailed tasks, schedules and cost estimates.

g. Evaluate solicited and unsolicited proposals as requested
and provide recommendations.

h. As information becomes available, prepare preliminary esti~-
mates of the potential economics associated with gas
v production from the low permeability sands.

i. Provide initial analysis of field test data from ongoing
DOE/Industry field demonstrations and coordinate with
Intercomp for in-depth analysis using Intercomp's com-
puter simulation models of reservoir performance. Develop
analysis programs with Intercomp and Lawrence Livermore
Laboratory for investigation of key properties and problem
areas in current reservoir evaluation techniques. This
would include parametric studies on such things as fracture
conductivities, fluid loss damage, dynamic estimates,
evaluation of effects of sand lenticularity, etc.

j. Develop a program to investigate log interpretation tech-
niques including plans for specific experiments. This
would include logging techniques for multi-well experiments
as described in the WGSP.

3.2 Planning
Emphasis will be placed on planning in FY 78 in anticipation of a major

field effort commencing in FY 79. These planning activities will con-
sider modification to current and new laboratory and field R&D programs,
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and will include project review meetings plus routine liaison and coordin-
ation with DOE Headquarters, the energy research centers, the national
laboratories, and the USGS. The areas of laboratory R&D conducted this
year will support and complement future field projects. Specific tech-
nical goals and requirements for future field projects will be identified
as well as regional locations for their performance in anticipation of

the development of RFP's for FY 79. In some cases, specific limited
areas, dependent on the technical goals and geologic resources will be
identified.

Where additional resource assessment or other desired information can be
gained, add-on experiments will be recommended. In addition, new re-
quirements for cores will be developed and specific areas identified,

as has been done for FY 78. A detailed schedule of all activities and
project schedule of future activities will be maintained along with the
associated funding requirements.

3.3 Monitoring and Evaluation

Each task will be monitored and evaluated. The responsibility for the
monitoring and reporting of currently identified tasks has been estab-
lished, such as a multiplicity of laboratory R&D tasks being handled by
BERC. The project manager will assess the relevance and desirability
of any new proposed tasks under general guidance provided by DOE Head-
quarters. In addition to the monitoring of ongoing activities, the
project manager will evaluate RFP responses and unsolicited proposals
and recommend appropriate action. As a part of the technical evaluation,
a reservoir analysis program will be initiated which will review pro-
duction test information collected on past projects and those conducted
during FY 78. This analysis will utilize existing techniques with the
bulk of the processing being done by Intercomp. CER will provide input
to Intercomp and coordinate activities with LLL,

For flow test analysis and design, Intercomp will use the conventional
analytical techniques as a supplement to the numerical simulation
studies. For single-well flow tests, conventional pressure transient
analysis techniques will provide estimates of reservoir kh, damaged/
improved zones as characterized by skin and/or fracture half-lengths,
radius of drainage, and other factors such as fault boundaries and
reservoir layering. Reservoir parameters calculated from the pressure
transient data using these techniques will provide useful estimates for
history matching specific flow tests with models and for generating
values around which a parametric investigation may be performed. Two
of Intercomp's existing reservoir simulators will be used as required:

1) a single-well, single-phase model in three dimensions
2) a single-well, two-phase model in three dimensions.
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In cases where water movement is not a prime consideration the first
model will be used and in cases where water plays a primary role, the
second model will be used. The principal objective of the parametric
studies is to isolate the system (reservoir/fracture) variables which
are the most critical to the success of a massive hydraulic fracture
(MHF) proiject from a reservoir engineering standpoint. The initial
paper study of parametric sensitivity using the reservoir simulation
models will consider the following for systematic adjustment: porosity,
thickness, water saturation, permeability, relative permeability, perme-
ability sensitivity to overburden pressure differential, turbulence
factor, radius of drainage, and lenticularity or shape. Various combin-
ations of these properties in layers will also be considered. In addition
to these reservoir properties are the properties of the fracture in-
¢luding half-length, damage to fracture face, fracture healing, fracture
conductivity, and turbulence factor within the fracture. A resulting
output from this study will be the formulation of guidelines for flow
times and build-up times for field tests, which will result in better
determination of reservoir characteristics.

3.4 Information Management

A WGSP monthly report will be prepared having two main features; one

will be reporting on technical progress, and the other on costs. A
combined report of both sections will receive limited distribution; pri-
marily to DOE Headquarters, DOE Nevada Operations Office (NV) and Bartles-
ville Energy Research Center, while the technical portion of the

monthly report will receive wide distribution. The types and numbers

of reports and reporting schedules for individual tasks or field projects
are dependent on the nature of the activity. For instance, during peak
field activity, a daily report is generally provided and, likewise,
during periods of little or no activity, no reporting is done. Final
reports will conform to the DOE requirements and will receive wide dis-
tribution. From time to time, special study groups and reports may

arise which require support such as the one on enhanced gas recovery
performed by Lewin & Associates. As a result of the planning activities,
the Project Plan Document FY 79 will also be prepared. Other special
reports such as the preliminary regional environmental report, if
sufficient data becomes available, a reservoir ewvaluation report, and
economic analysis reports will be prepared.

A master project file containing the available project information in-
cluding such items as raw data and logs will be established and main-
tained by CER. It will be available for inspection in their office at
4220 South Maryland Parkway, Las Vegas, Nevada. Those reports available
through the National Technical Information Service (NTIS) will be
identified. If information is unavailable through NTIS, all reasonable
requests for copies will be fulfilled by CER. Most of the information
is also available at BERC and the Project Office at NV. (For example,
electrical logs may not be found at all locations).
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4. RESOURCE ASSESSMENT

The majority of the resource assessment work will be performed by the
USGS. There will be other activities which will provide input data and
support to their work, primarily in the area of field tests, obtaining

core samples and special core tests. A breakdown of the various items
is contained in Figure 4-1. '

4.1 United States Geological Survey

USGS studies in support of DOE's Western Gas Sands Project will continue
in FY 78. Maps and data for cross sections will be acgquired for an in-
formation service company's computer files for the Rocky Mountain region.
Preliminary cross sections will be in open file form with approximately
ten additional completed cross sections, not yet in open file form.

Both core distribution and drill stem test (DST) maps, by geologic age,
will be compiled along with a series of gas show maps. Work will com-
mence on paleographic maps with completion anticipated sometime in FY 79.

During FY 78, study of clay mineralogy will continue with more than 400
clay samples being subjected to X-ray diffraction and fluorescence
studies. In addition, about 100 samples will be studied with the scanning
electron microscope and 200 thin sections made. '

To aid in understanding the origin and distribution of the gas, organic
chemical analysis will be performed on approximately 100 samples.

Efforts will continue to upgrade logging tools and interpretation tech-
niques with emphasis being placed on field testing and interpretation of
a hew gravimeter under development by the USGS. At least two wells

will be logged with a new small tool designed for higher temperature
environments.

BEarly in FY 78, new outcrop sections from Debegue Canyon, Colorado, to
Book Cliffs, Colorado in the Uinta Basin tertiary section to the top of
the Cretaceous will be completed with the Upper Cretaceous section being
completed by the end of FY 78.

My mid-FY 78 the USGS will have developed a format for computer input
of data which will include parameters such as X-ray data, paleontology
and geochemistry.
The following are to be released as open-file reports.

Well penetration maps of the Green River Basin which will

show the outcrop limit of base of Tertiary and base of
Upper Cretaceous Mesaverde Group.

-19=



s3xodoy
uoTIeWwTISd
|3Inosay
butyepdn
aPWTIST
se9 STQRISA0IDY
se9 I0PTJ-UT

SISATYNY IJdN0STH

UOT3IRUTPICOD
®3ed

s3saloxg
1190-2TdT3TOH
s3oaloag uo-ppy
uoT3IdATSS
ealy 1S3l

ONILSAL TTam 3
DNIJO0T ‘ONINOD
ANTLYHIJ00D

—

butiepdn
uot3zeTTdwo)
sdely aanssaid
STOH-WO3JOH
sdew
sTweudpoIpiy
TeucTbay

sder yoedosT
uor3Idnpoag ¥
smoys seg 9 110
butjeoo7 sdew
S3S9L

we3s TTFIQ

¥ eleq 2I0D
woxg AboroyirT
butleso] sdey
sde 2In3onIls
Teuotbay

sdel
y3dag-buTTITad
sdew
uoT3IeIIBUBI-TTOM

SNOILYIIGWOD

suoTIe1ad
TeoTxtdumy
ajepdn

P3BJ UOTIONPOId
3 1S3 I9Y3IQ
YaT™M ®3eq
31sag sxedwo)d
BbutbboT BUTTSITM
but3salL 3Iod

SNOILVYNTIYAA
TYINIWITIdNOS

s3xoday

3o uatjexedaag
STIeom Iay3Q
moxd Ieylr
Y3Tm eaed
315935, sxedwo)
butraisal
uoT3onpoid
wiar-buog

ONINOLINOW
UNSSTE
/NOTLONaoud
WHEL-9NOT

JUSWISSASSY 2IAN0SIY

s3xoday Apnis

suxa3jled juTopL
Ax3Bwoa9
ITOATDSIY

SSoUNSTUL pog

SITANLS JOIDINO

-39 ‘sjzoday
3o uotjeaedaid
sTsATeuy
TeIn3snxls
TeatboToIzad
pautquon
saan3onrls
Aaejuaurtpag
AboTeaauty
Jusquo) Kerd
uotT3Tsodwo)
TeISuTW
uorjenyeaz
}o0¥ ITOAISSDU

XD0709134

*033 ‘s3aoday
30 uotjeaedaxd
suorjenyeag
uogqIEd0apAR

xapur
EEDCPCRED
—uoqae)
20uB3I3TIoN
23TUTIITA
UOT32I0TOD
2a0ds
uoTienyesd
aToazasasyd

XEISIWNIHI03O

*533 ‘s3yaodey
J0 uotieaedsad
6utrjeqg orboTo29
MAHNZ uasmlag
saouanbas Y20
30 UOTIVTIIIOD
SIUSURIOATAUT
TeuoT3Tsodad
JO uoT3RUTWIDISG

A9QTOINOITYA

1-$ 2anbig

033 ‘s3jzodey
3o uoTyeaedazd
STT3M udamiaqg
uoT3eTdaIIoD
otydeabtiexis

uotielaadaaijul
boT-TToM
K3taean

oTWS TAS
sAaaxns soelansg

SOISAHIOTD

033 ‘soaepdn
dew ‘sjxoday
Jo uorieaedaad
AboTouysa],
qeT 39m
soqolg uox3oITI
3 2do2saIoTH
uox3zoeTd butuurog
SPOYIIN
JousosaIonTd 3
uorjoearrta Avd-x
uOTIEITITIUSPI
33 vo
STSATRUY
doxd3ng pue JII0D

ADOTVEANIW
AYID

uoTANGTIISTA
Jxoday

Nueg ejed

NOLLYNITI00D
YIYa

ueTd 3SSL
s3soL PTITd
saTpnls oThoro9n

ONTINARHIS

ueTd 3Isal
S3S8L PT3Td
saTpnls oTboTod9

SNOLLYIIIIOAIS

ﬂlllllllL

LNAHSSASSY
AENOSTY

_

SATANLS

DI190T0AD

ONINNYTI
INAWSSASSY
aoanosI

“ INFASSISSY TNOSTH

-20-



Preliminary pressure gradient maps for the Green River
Basin which were generated from shut-in pressures of
drill stem tests.

Several cross sections through low permeability reservoirs
in the Washakie, Uinta, and Piceance Basins.

A report on the distribution of potential low permeability gas reservoir
facies in the Northern Great Plains Province will be published.

Figure 4-2 is a milestone chart for the USGS FY 78 activities.

4.2 United States Geological Survey (Menlo Park)

USGS/Menlo Park in support of DOE's Western Gas Sands Project will con-
tinue to develop and apply a surface tilt monitoring technique to determine
the spatial geometry and growth rate of fracturing processes originating

to depths of at least 2 km.

During the past year, computer model studies were conducted to determine
the feasibility of detecting seismically and nonseismically induced
fractures with surface tiltmeters. Relationships between azimuth and
amplitudes of surface tilt response to azimuth and extent of a propagating
fracture were studied. Other computer studies were made of how to best
separate the effects of surface noise contaminents such as rainfall and
temperature from the response to the seismic or nonseismic (hydraulic)
sources of fracturing. Techniques for more efficient instrument emplace-
ment, array maintenance and signal recording were initiated. Field
investigations were continued to extend previous studies of the surface

tilt response due to massive hydraulic fractures and explosively generated
fractures.

The cumulative number of tiltmeters deployed during the period of this
project exceeds any comparable effort in the world. These experiences
have stimulated the development of new and improved instrument emplace-
ment techniques. The idea that an array of sensitive tiltmeters can
produce coherent results at high gain shortly after development has been
demonstrated. Signals associated with induced fractures at 2 km depths
in the tidal level have been obtained in a variety of surface noise
environments. The spatial geometry of these induced fractures has been
found in good agreement with other geophysical measurements (i.e.,
resistivity) for fractures ranging over several orders of magnitude in
depth and dimension. A previously developed dislocation model has been
extended to simulate a growing fracture. A more recent application of a
model developed by Pollard (Proj # 9960-01489) has provided a means to
relate pressure variations during fracturing to tilt response at the
surface. Tilt response due to more than one input has been separated
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with an improved version of a least squares Wiener prediction and shaping
filter. These numerical techniques have enabled researchers to effect-
ively work with extremely poor signal to noise data, to simulate
fracturing as a kinematic and a dynamic process, to provide the basis for
real time mapping of induced fractures and a means to interact and modify
the fracturing process in real time.

Field investigations were conducted on sites in Lincoln County near
Huntington, West Virginia, a site on the Mexican border near Laredo,
Texas, three experiments at the lLaramie Energy Research Center test site
near Rock Springs, Wyoming, and two experiments in the Athabascan Tar
Sands area near Ft. McMurray, Alberta, Canada. '

Project plans for FY 78 include final analysis of data and reports made
on (1) explosive fracturing experiments in shale at shallow depths in
Wyoming, (2) MHF experiments at depth (9,000 ft) in Colorado, (3) MHF
experiment in sandstone at depth on the Mexican border near laredo,
Texas, (4) MHF expériments in Devonian shale of West Virginia, and (5)
tar sands experiments in Alberta, Canada. Improvements to the automatic
leveling system will be continued and a remote clamping mechanism will
be tested for deeper deployment of the system. Primary processing pro-~
grams will be modified and moved from the large core Honeywell Multics
system to a field worthy minicomputer. Elements of the Mobile Tilt
Monitoring System will be integrated as a field system for Real Time
Monitoring of fracture growth. Figure 4-3 is a milestone chart for
USGS/Menlo Park FY 78 activities.

4.3 Core Program

The USGS has advised the DOE of the need to obtain core samples from
critical areas and will provide personnel and facilities for processing
and storing of the cores. Where needed, special core analysis will be
performed by the USGS. Routine core analysis will be done at a com-
mercial laboratory. Four tentative areas have already been selected

in the Northern Great Plains Province. They are listed below by county,
township and range with potential reservoir intervals and footages.

a. Powder River County, Montana
T5S, RS2E and 53E
Judith River 200 ft
Eagle 400 ft
Niobrara (chalk) 200 ft

b. Custer and Prairie Counties, Montana
710 and 11N, R48 and 49E
Judith River 200 ft
Eagle 400 ft.
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c. Valley County, Montana (fractured reservoir)
T29N, R35 and 36E
T30N, R36 and 37E
Eagle through Upper Mowry 1,450 ft

d. Phillips County, Montana
T29 and 30N, R25 and 27E
Eagle through Upper Mowry 1,400 ft

Sites as large as two to four townships have bheen chosen for several
reasons: (1) all are separated from productive areas and thus can pro-
vide data on the sands in unevaluated areas; (2) all sites would test

at least two potential reservoir intervals in addition to adjacent source
rocks; (3) the combination of these sites would test several different
reservoir types (which the USGS had identified in each potential pro-
ductive unit) i.e., Bagle and Judith River Formations; (4) a potential
reservoir type, chalk, would be cored in the Niobrara Formation at Site
a. These fine grained carbonate chalks can have up to 40% porosity but
permeabilities in the microdarcy range; and (5) Site ¢, situated along

a lineament zone southeast of the currently productive Bowdoin Dome,

will provide the opportunity to evaluate fractured reservoirs, particularly
in shale intervals.

These sites will provide valuable data on stratigraphic relationships
and reservolr properties and will be a good first step toward evaluating
the tight gas resources of the Northern Great Plains Province.

The DOE support for coring will require a comprehensive logging program
by the operators since only minimal logs are now being run due to
current unfavorable economics. Production tests also will be run when
possible.

4.4 Basin Activities

CER Corporation, through review of the Petroleum Information Corporation's
Rocky Mountain Reports and other sources of information is continuously
monitoring drilling and exploratory activities in the four study basins.

Each status report will contain a brief summary of basin activities, and

a quarterly basin activities report will be issued documenting the

number of wells being drilled and the active drilling operators involved.
Well locations, key formation tops, formation tests, perforation inter-
vals, fracture treatments and results will be categorized in the quarterly
report. This activity will continue during FY 78 with emphasis being
placed on those areas that show increased possibilities of successful

MHF treatment demonstrations.
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4.5 Log Analysis

A reservoir engineering evaluation of the previous MHF tests will be
conducted using numerical simulation techniques. Pressure transient
analysis, coupled with history matching techniques, will be used to

interpret specific flow tests. Additional parts of the program include

the formulation of improved log analysis technigques, and both single
and multi-well test design.

The effort will be concentrated in four main areas:
Analytical Techniques
Petrophysical Studies
‘Numerical Simulation Studies
Data Base

In order to achieve a comprehensive understanding of the MHF program in
general, and certain experiments specifically, a data base is reguired
in the following areas:

Logging Suites

Flow and Pressure Data
Frac Fluid Data
Rock/Formation Fluid Data

The data and programs developed will be available for use by BERC and
by CER.
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5. RESEARCH AND DEVELOPMENT BY ENERGY RESEARCH CENTERS
AND NATIONAL LABORATORIES

Laboratory R&D activities funded by DOE have been directed toward new
tools and instrumentation systems, rock mechanics experiments, mathe-
matical modeling and data analysis. These activities to date have
primarily been performed by DOE's Energy Research Centers, the National
Laboratories, and USGS. Some items are arbitrarily reported in this
category even though they require considerable field experimentation.

A breakdown is given in Figure 5-1.

The positive results of system development and data analysis techniques
by Sandia and USGS/Menlo Park, in determining fracture orientation have
been very encouraging and these techniques will be evaluated further in
FY 78, as funds permit.

5.1 Bartlesville Energy Research Center

5.1.1 Improved Coring Methods

During the first quarter of FY 78, a contract with Sandia will be moni-
tored which involves the development of an improved pressure coring
system which begins with design analysis for the core barrel and a lit-
erature review for evaluation of coring fluids. This activity is
expanded under Section 5.3.4, "Improved Coring Tool."

Also during the first quarter, a contract may be negotiated with Terra
Tek to perform special core analysis on a series of cores to be recovered

during FY 78. If available, one of the first cores recovered will be
tested.

Terra Tek's evaluation of results from core no. 1 will be made during
the second quarter and plans formulated for the testing of core no. 2.
Tests on core no. 2 will be performed during the third guarter. The
results of Terxrra Tek's tests on core no. 2 will be evaluated during the
fourth quarter and a plan made for future tests. Figure 5-2 is a
milestone chart.

5.1.2 Production Stimulation by Fracturing
The general objective of this research effort is to define important
experimental parameters for design of MHF in the Western Gas Sands

Project. The objectives include the evaluation of potential productivity
of low permeability and low porosity formations by applying new oxr
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innovative logging technigques and interpretations, and also to examine
the degree of formation damage due to the invasion of hydraulic fracturing
fluids.

Initiation of these tasks in the first guarter of FY 78 will require
that primary emphasis be upon the review of current research in inter-
pretation of electric, neutron and acoustic logs of gas wells in low
permeability and porosity sands. Initial laboratory techniques will be
established to prepare cores for measuring interface conductivity caused
by fluid-matrix interactions in the formations. Design and assembly of
laboratory equipment will begin during the later part of the quarter.
Figures 5-3 and 5-4 are milestone charts showing these activities.

A conference with the project manager to determine the type and number

of frac fluids most likely applied to MHF in the western tight gas sands
will establish the fluid and additives to study for interaction with

rock. This choice will be based upon frequency of use, economics and
environmental assessments. Equipment will be assembled during the quarter.
Existing data for formation water resistivity (Ry) from logs and current
literature in the western tight gas sands will be studied for anomalies
from one location to another in a given formation. Assembling an internal
report on the literature survey will be initiated in the later part of

the quarter.

During the second quarter, assembly of the necessary apparatus and pro-
cedures for measuring interface conductivity will be completed. Core
samples from various porous formations of interest will be selected
during the later part of the quarter.

The efficiency determination of thermal degradation and/or "breaker"
chemicals on polymer additives in frac fluids will begin. The design
and assembly of equipment with tests on operating procedures will
continue. '

The literature survey of lateral variations in formation water resis-
tivities (R,) during the first part of the second quarter will be com-
pleted. Assembly and arrangement of the data in proper form for computer
input will be finished. Logs or log data from current work in western
tight gas sand formations that display seemingly lateral R,, anomalies
will be acquired. »

Permeabilities, porosity, specific internal surface area and resistivity
measurements will be made on the saturated cores during the third quarter.
Preliminary interpretation of the correlation between the variables to
verify the proposed modified form of Archie's equation will begin.

Measurements will begin of how much polymer residue or frac fluid
additives are excluded from rocks when the fluid filters through the
face of the rock. Measurements of change in permeabilities due to
infiltration of fluid- loss additives will be made.
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The internal report on the literature survey of lateral variation of
in tight gas sands will be completed. The drawing of isoresistivity
maps as an overlay to the formation examined will commence.

During the fourth quarter, correlation will be made between the rock
conductivity and fluid conductivity to obtain the interface conductivity
and formation factor. The relationship between conductivity and internal
surface area as a means of determining permeability will be evaluated.
Experimental measurements of polymer and fluid-loss additive effects on
permeabilities and the assembly of data for the completion of the annual
report of work showing effects on permeability will be evaluated.
Experimental measurements of polymer and fluid-loss additive effects on
permeabilities and the assembly of data for the <ompletion of the annual
report of work showing effects on permeability will continue.

The folldwing reports and papers are expected to be completed during the
second quarter of FY 78:

Internal report on current research on "Effects of
Interface Conductivity on Electric Logging"

Internal report on "Mapping and contouring Formation
Water Resistivity"

Internal report on “Rock-Frac Fluid Interaction”
Contracts expected are as follows:

Contract on interpretation of neutron logs in western
tight gas sands

Contract on interpretation of acoustic logs in western
tight gas sands

Contract on design of in situ Ry instrument

5.2 Lawrence Livermore Laboratory

Lawrence Livermore Laboratory (LLL) has embarked on a research program

to obtain an understanding of the stimulation processes including how

the formation properties interact with and affect these processes. The
program is primarily investigative with no major field programs currently
proposed. The major lines of endeavor are:

Theoretical modeling of the hydraulic fracturing process.
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Hydraulic fracturing laboratory experiments.

Logging tool development and application and the analysis
of log data.

Cataloging and evaluation of pertinent geological and
geophysical reservoir data. ‘

Measurement of pertinent reservoir properties.
Reservoir analysis.

Evaluation of other stimulation techniques.
Environmental assessments of DOE supported projects.

During FY 78 the development and application of theoretical two-dimen-—
sional fracturing models will continue with the results compared with
laboratory and field data commencing during the third quarter. Develop-
ment of hydraulic fracturing models will begin during the first quarter.
These models are being developed under a subcontract with MIT. A dif-
ferent solution philosophy will be pursued in these models than is
currently being applied in the LLL models.

The laboratory experimental programs will proceed in conjunction with

and in support of the theoretical modeling. The emphasis will be to con-
tinue to experimentally model the hydraulic fracturing process for various
layer configurations and under various confining stresses. A subcontract
with Professor B. Haimson of the University of Wisconsin has been ini-
tiated to test the sensitivity of the orientation of the created fractures
to the intermediate principal stress. .

The acquisition of geological and geophysical data will continue with the
characterization of reservoirs expected to start near the end of the
second quarter. Data defining the mechanical and breakage characteristics
of the tight western gas reservoirs will be sought and compiled. Core
material from the gas sands and interbedding shales will be gathered for
mechanical characteristics measurements to supplement existing data.
Measurement of these properties will begin as the core becomes available.
.These data are required in the theoretical models for analysis of the
fracturing characteristics of the reservoirs.

The application of the USGS borehole gravity tool in western tight gas
sands will be assessed. Borehole gravimeter log data will be analyzed
and compared with the other suites of logs and core material where avail-
able as soon as application begins.

During the first quarter, parametric studies of fracture conductivities
and the effects of fluid invasion into the fracture faces will be started.
Analysis of the effects of stimulation treatments will be performed as
well test data become available.

-36—



Environmental assessments as required will be written to support DOE's
gas stimulation program. Figure 5-5 is a generalized schedule.

Interaction with industry and other government laboratories and organi-
zations is important in the implementation of the LLL program. Dupli-
cation of existing results, measurements and effort will be avoided
wherever possible. The progress of the program will be reported in in-
formal monthly progress reports and formal quarterly reports. Important
conclusions and completed segments of the work will be summarized in
separate formal reports.

5.3 Sandia Laboratories

5.3.1 Mineback Activities

The objective of the program is to develop an understanding of the
fracturing process for stimulation and thereby improve the production

of natural gas from low permeability reservoirs. This will be accom-
plished by conducting controlled fracture experiments which are accessible
by mineback for direct observation and evaluation. DOE's Nevada Test

Site provides this opportunity through use of the existing tunnel complex
and extensive support facilities. This site has about 1,400 to 1,500 ft
of overburden made up of bedded and welded tuff formations that have
similar strength and permeability characteristics to the low permeability
gas reservoirs of interest.

Sandia has performed several hydraulic fracturing experiments and the
feasibility of mineback and coring to delineate the fractures has been
demonstrated. In situ stress distributions, fracture orientation, the
independence of closely-spaced fractures, and the effect of tunnels have
been determined. Mineback and evaluation of two different fracture
regions are underway.

The role of mineback testing is shown schematically in Figure 5-6, and the
general schedule of activities is shown in Figure 5-7. Mineback eval-
uation is based upon direct observation and comparison with measured
material properties, fluid behavior and the operational parameters. This
provides significantly more information than the evaluation of a com-
mercial stimulation job which is based primarily upon gas production

and pressure data. Industry and service company participation in the
mineback program will ensure that the results will impact the experience
and knowledge base used in production, and industry interest has been
high. This program will provide a unique opportunity to quantify frac-
ture behavior and is not being done elsewhere.

Proposed program tasks include:

1. Controlled testing with mineback for direct fracture
observation and evaluation.
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2. Supportive rock mechanics, fluid dynamics and geochemical
studies required to interpret observed fracture behavior.

3. Incoxporation of the results into improved stimulation
design models and calculations.

4. Assessment and calibration of logging and instrumentation
techniques for fracture mapping and characterization.

5. Testing of innovative stimulation techniques.
Tasks 1, 2 and 3 form the heart of the program, and industry interaction

and participation is necessary if the program objective is to be met.
This will be done by:

Seeking and incorporating industry's suggestions and
priorities into program planning.

Active industrial participation in design and conducting
the fracture test and in any other aspect (material
properties, laboratory experimentation, modeling, etc.)
to whatever extent possible.

Widespread information dissemination wvia publications and
reports, briefings and review meetings.

Specific activities in FY 78 are:
Mineback and evaluation of the formation interface test
including detailed material property and in situ stress

determinations at the fracture region.

Initiation of the supportive rock mechanics and geophysical
studies.

Initiation of an in situ stress comparison in conjunction
with the mineback.

Possibly conducting limited completion and perforation
tests in conjunction with the mineback.

Limited FY 78 activities reflect reduced funding level.

5.3.2 Fracture Orientation and Geometry Instrumentation
By participating in MHF experiments, Sandia has developed the surface

electrical potential system for fracture orientation determination.
Development of this system has been incremental and it has successfully
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demonstrated that not only can fracture orientation be determined but also
the asymmetry of the two fracture wings can be shown. Other geophysical
techniques for fracture characterization have been investigated and in

the case of microseismic recording has caused redirection of the activity.
Surface monitoring appears to be of limited value as a result of low
seismic signal amplitudes; however, a down-hole seismic sensor may offer

a better opportunity to measure the fracture height and orientation in

the near field of the wellbore.

Development of the seismic diagnostic technique could shift emphasis from
the surface detection of fracture related signals to a down-hole system
to detect close-~in fracture profiles. This will require an increased
emphasis on wave transmission properties, formation properties and source
signals. An improved understanding of these principles will also be
beneficial for improved exploration seismology and logging.

During FY 78, progress will continue on the seismic down~hole diagnostic
mapping system. The design, fabrication, and fielding will be completed
with several experiments conducted to obtain fracture behavior in the
near field of the wellbore. Fracture vertical growth boundaries and con-
tainments will be investigated. Efforts on the surface electrical
potential technique will be directed at improving its capabilities to
provide information on actual fracture dimensions. The laboratory will
be used to support several stimulation experiments of the Western Gas
Sands Project. Figure 5-8 shows the generalized schedule of activities.

5.3.3 Reservoir Characteristics

An evaluation of the possible use of a seismic reflection system to map
the boundary of lenticular sand reservoirs will be conducted. The
evaluation will be conducted during the first two gquarters; and if the
approach is feasible, hardware will be purchased during the "third
quarter. Efforts will continue to improve electric logging techniques.
Formation water sampling techniques also will be investigated.

The downhole seismic system has been tested in a 400 ft well and will be
tested at the Nevada Test Site during the first guarter of FY 78.

Amoco will test it in the Wattenberg Field in January. Data analysis
will be a continuing task throughout the year.

5.3.4 Improved Coring Tool

Cores are taken to determine the lithology and fluid content that exist
in subsurface formations. The many variations in formation properties

and characteristics make examination of unaltered cores in the in situ

condition valuable in reservoir evaluation and designing optimum hydro-
carbon recovery techniques.
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The objective of this project, which is being performed by Sandia under
contract to BERC, is to design a coring system that will cut a core with
minimum contamination from drilling fluid invasion and to seal the core
barrel in situ, allowing the sample to be retrieved with formation
fluids and pressure intact. The system will include a bit, sealing core
barrel and non-invading fluid dispenser.

The first phase of the project will be limited to the design and concept
evaluation testing of the system. A limited experimental program will
be conducted which will aid in this design. The second phase will con-
sist of fabrication and field testing.

In order to design an improved coring tool that has a high reliability

in retrieving the core and preventing fluid invasion, several conditions
are necessary. The mechanical components must be reliable and free from
fouling and jamming in the downhole environment. The system will be
designed to seal and operate at working pressures up to 10,000 psi at
temperatures of 275%F. Additionally, the core must be cut rapidly and it
must be protected, both during cutting and while tripping out of the hole,
by a non-invading fluid to reduce contamination by the normal drilling
fluid. Finally, the core must be easy to retrieve and handle for analysis.
These conditions dictate the division of the program into various tasks.
The work tasks for Phase I of the program are:

Core retriever design
Coring fluid selection
Bit design

Under the current contract, the subcontractor, Maurer Engineering, Inc.
is responsible for the core retriever design and Sandia Laboratories
will design a suitable core bit and select the best available fluid

for core protection. There will be considerable liaison between Sandia,
Maurer and BERC. Figure 5-9 is the milestone chart.

5.3.5 Mobile Well Test Facility

The DOE mobile well testing facility, consisting of two vehicles, is to
provide a deep well instrumentation and investigation system to monitor
and evaluate the productive potential of all types of wells.

The first vehicle is a 10 ft x 50 ft trailer, housing 3 draw works for
20,000 feet of seven conductor, 15/32 in. diameter armored cable,
20,000 feet of single conductor, 7/32 in. diameter armored cable, and
20,000 feet of .091 in. diameter wire line. All draw works will be
electrically driven and hydraulically controlled with standard instru-
mentation and controls such as depth measurement, tension, line speed
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indicator and variable speed controller. The trailer will also house an
instrument cabin for the draw works operator, racks for logging recorders,
PDP-11 computer, mechanical and electronics maintenance work benches,
spare parts storage and normal life support facilities for operating
personnel working a 24-hour per day well testing program.

The second vehicle is a two-ton truck mounting a fifty-foot telescoping,
tubular mast of 15,000 1lb capacity. The mast will be hydraulically
controlled as will the truck leveling outriggers. A 4,000 1lb capacity
catline will be available for raising and lowering equipment above the
well to be tested. A grease injection system for the lubricator will
also be mounted on the truck along with ample storage areas for the lub-
ricator, tubing cross-overs and miscellaneous pipe fittings.

Individually trailer-mounted 30 and 90 KW electric generators accompany .
the two vehicles to provide necessary electric power for operation of
the test facility.

Both vehicles will be modified by Gearheart-Owen Industries, Inc. of Fort
Worth, Texas under Sandia Laboratories contract number CRB/05-6191.

A schedule for completion of the well test facility by Gearhart-Owen
Industries and subsequent check-out by Sandia Laboratories is as follows:

Western Gas Sands

ITEM OCT| NOV| DEC|JAN| FEB |MAR|APR |MAY [JUN|JUL |AUG |SEP

Order Truck Trailer and LEGEND

Generators S — A BEGIN MILESTONE
Gearhart-Owen Completion Vv COMPLETE MILESTONE

Trailer Y. 7 O BEGIN KEY TASK

Mast Truck 4 -y [} COMPLETE KEY TASK
Sandia Lab Completion

Trailexr O y

Mast Truck Ly

Generators 7
Deliver to Field Operations ‘ av

Well Monitoring

With the combination of egquipment available on the well test facility, a
complete suite of logs will be possible including video scan. However,

final determination of what logging equipment will be available has not
yet been made.
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6. FIELD TESTS AND DEMONSTRATIONS

Field tests and demonstrations comprise an essential part of the Western
Gas Sands Project as through these, the application of new skills and

techniques are implemented for evaluation. A breakdown of activities is
shown in Fiqure 6-1.

Four ongoing field projects with the following organizations will carry
over into FY 78. These are detailed in the following sections.

One additional contract has been let for a Joint DOE/Industry stimulation
project with Colorado Interstate Gas Corporation. In addition, a MHF
proposal from Mitchell Enerqgy Corporation has been received and is
presently being evaluated.

Table 6-1 is a tabulation of completed and ongoing MHF projects, excluding
those for which contracts were let recently. Figure 6-2 shows the loca-

tion of the active projects, and Figure 6-3 shows the generalized schedule
of activities for the active projects for FY 77 and FY 78.

~47-



syoafo1d JHIN Bumunuo)) pue pajajdwo)) jo uoijeinqe] -9 aindig

s3zoday 1S3
eleq SIN YITm
eled 3535 UOTIR[IIIOD

buranjoexj seg
a93eMaQg
weod

antsoTdx3y

SQOHLIW YIHLO

buTtiaoday
uotTyeniend ¥
uoT3neT10) 'IRd

dn-3ss
53521 uoTyenTead snqezeddy
4 xmwmuwm”m UaT3 PUTWID}DT
WMMMMM“MMMUMQMQUWWM s3jxoday 3say sanbTuyo3],
UOTJEZTIFIITITYD
IT0n1353y 103 sanb ONTHOLINOW UoTINTIAISTA
3LIS ISEL SNOIOYIIHO uusos ButhEOT moN A rodoy 1561
Ax38uwos9 3 | | Auedg eyed
LOTIRPIUSTIQ BINIIEII NOLLYINAWITIWI
sjuaunea1y NOILLNTOS3Y NOILYNIQUEO0D
s1z0doy 391 2in3oeIl OTTNEIpAN mmwmwwmswwwz LOVAWT viva 1S3l
5921IN05 I8Yy3lQ swa3sAs
y3atm uostaedwod eieq XD0TONHDIL uoT3o832a J— syzoday 1591
s1n3joexl aatsordxd ONTHALOYAS DTTOVIAAH _arnjoeid " oedur uoT3ienfead e3ed
21n3oe1g ITITIPUAQ - STOOL papusmIosaY butssan0ag
S95T320Id UQTITIOFIad 1sal pIetd squou 3 jeastxiay ejed
pue uotiatdwe) sanbTuysaL _ssessy 3oedwy UOTIBNTEAT 3ISAL
Jua2333TQ JO S3IIIIIF syxeday 3Is9g pasoxduy . SOTNPayYas 1Is3L
s9an3oraj butxanosag swexboxd TIoM-T AbBoTouyaal, MaN [ SNOLL NOLLVOTYAT QY
AfteanieN yiTs A132ucan sjuswrrxadxg _VONAWWOOTY aN¥ ONTTOQEHDS £SAT
S2In3oRid pRIeaId Su9T 3 nSUO-BPY., ONIINOJTY IOVIWI
30 UOoT3oERIIIUL A3TNUTIUO) ITOAISSOY swexboxg L
sainpayss Butdumg 3 $359], @duadIsjiajuIl| | TI=M-TdTITON [ UoTIn{{od SSTON | ueid IS81 PISTd
sjueddoad pue SpINTJ 1saL 25103 ON: mumwunmmnm 3§9J, yoseq jo
Jud1233TA FO S3DBIIF uotioupoag ‘bo1 ‘2100 yse], Auedwo) 0%H @cezans adAg pue xaqunN
S3S8L swexboxd TTaM-F -a7dT3ITON asn puet butlTs
uorjenieAaAz-aInioeig >H..H.ﬂmau TV STeon 31Sal
NOILVZ IHALITIYHD NOILY¥OIITLNAGT
(SLN) JLIS ISIL VYAYAZN - HIOAMISTY ATLIAILOY SISATYNY LIYIWI NOIL¥DIJIOadS IS3L
[ — -
ONILSAL SHYIS0dd SHILIALLOY SININSSISSY ONINNYTE LSIL
NOVEINTH HOYYIsay AYLSNANT TULNTANCI TANT
TTAM-TLTON /400 INIQL

I

L

SNOILVILSNOWIA dN¥ SLSIL QTdIJ

—-48-



2% ON yein
saung AJUno) Yyejuln}
PO 6Ly 000°T60°T LLTZTT 0558-8589 [eInyeN] 81S ‘422 ‘S0t
12 °N yein
sapng Ajuno)) yeurn)
[eInyeN 12S ‘422 ‘S0t
0Z 'ON eI
sapng Auno) yejui]
[Po 22¢ 000°928 L1-229 9Lb'6-86V'8 emjeN 82S ‘412 ‘S6
#T 'ON yein
sapng MAuno) yeuin)
PO bbS 000°€60°T LLST-€ ¥00°8-979°0 [eamyeN 22s ‘412 “S6
61 ON yein
9.-8%6 . senng Aunod yejuif) apranesajy 1
[P 559 000°€S0°T 9/-1%6 99°6-422°L [eInyeN 12S ‘a12g ‘ST pue yoresem A
8T 'ON yeIn ‘ejuin) _
sajng fAunoy yejul() "ONI ‘SASTHIYALINT
PO S¥L 000°08°T 9.-226 266'8-067°9 [eInyeN 01S ‘42z ‘S0t ONIDNAOHUd SVO
apIanesa]
[ 822 000°8¥Y 9L-€ -I1 698°G-158°S ‘@oueedld
[P 00 000°ST8 9. -S 910°9-526°S opeio[o) NOLIVHOJHOD 44D
PO 682 000088 SLT S $98°2-09L°L "0)) odueld oY Ad QIOVNVH
PO LIT 000°00% ¥L-€2-01 8/0°8-890°Q £-JHW-gH 1S ‘M86 ‘St WNILYOSNOD
opei1o[o)) apranesay
0°H [eB $6°€ "0)) pleyreD ‘@oueadlq
Zvs 000°0¥T°T 9.-G2-8 £€E°9-0LTS [e1epa ] €S ‘Mb6 ‘SL TVHISNY
Te9) 01 pueg jo 'sq] SECR | %26 /H¥/ 1
ilOarNI | INFWIVIHL 3Iva aignNirovid : NOLIVIWHOA ANV
ainid VA IJvd TVAHIINI THEM NOILVOOT NISVE ‘ANVAINOD

elR(] JRl] pUue mzo_uau.ow uuab:oU‘ JHIW 1-9 ?|19el




yein] ap12nesa|
PO 892 000009 9.1 01 202°01-¥10°0T I °oN funo) yezul() ‘ejuif)
12O Zd 000005 9.-12-21 LEV'6 -9Z8°L ‘paq awoy PES 261 ‘SOT 021SIm
opeIo|o) apI1anesay
129 191 005°6LZ LLOETT 096°G-9L£°S "0)) oduelg OlY ‘@ouead1d
PO 9.2 000°9LL 9/-22-01 21€9-061°9 1-b86b P24 ¥S ‘M86 ‘Sh OONV1d Ol
apianesa|y
yeyn fejur)
fMuno) yeuin NOISSIWSNVHL
‘dIWHO0J¥3d SOVHI ON GZ-€2 ped S ‘€2 ‘S8 JHIOVd
opeiojo) apIaneSa
129 092 000009 LLYE8 $£5°6 -26E‘6 "0 ooue[dg Oy aoueadld
PO 91g 000°08S LL-229 089°01-6%5°01 ogl-1€-d €IS “ML6 ‘ST TIHOW
GL-0201 uolun) uoq
PO 6S¥ 0002241 06L01-031°01 S "oN Buiwof “12AlY
PO 8 nun) ‘0D apPIQNg . Ua21c) UIYHON
iy £81 000815 SLZ -L 08T‘TT-0S6°01 a[epauld GS ‘M80T ‘NOE SVO “1IVN OSvd 13
sexa]
‘AJUNoY) asiyy ‘Buo)) puag
“[nwig 861 v 6LL-Y faning ‘YoM 1O
ureo J 6€T 000905 9L-0I6 P6L‘9-L56°S ‘uosnbia§ Yyws g uag NOLLDONAO¥d SV TIvd
9 01 pues Jo ‘sq] STTR %22¢/4/1L
Q3LOICNI | INTWIVIHL alvda aignNiovid NOILVIWHO4 ANV
aind JVHd IVHd TVAHALNI am NOLIVOO1 NISVE ‘ANVAWOD

(penunuo)) 1-9 2|qeL

-50-



s109foaq Bulobu() spueg ser) uxajsap) Jo uonedo| Z-9 aanbig

Odvio100

NOLLONMF ANVHD HVLN

O
T ¢ ‘ON JHW-g4 ¥3ID

‘480D INIWAOTIAIA ANV Ve

HOYVISIH TIHOW 0® ) "JNI SASTHdYILNT
ANVJWOD SVO . @ ONIDNJOdd SVO
JIVISHIINI @ "OOSVOTVHU(ILVN 0 _
oaviao10o” OONVId O | vruma _ _m
ALID TMVI LIVS
ONINOAM
0

H3dSVO




suoijerjsuowa(] pue s}sa] p[aij Sumunuo)) Jo saAldY JO IMpaydsg  g-9 Inbl

= =
g =2 0wy . & > ¥ m = O Z e > oM o
5y § ¢ 8 ¢ £ £ £ F ¢ 4§ &8 ¢ ¢ 8 & & £ § § 1§ 3 ¢ %
| AD8BL6T < ADLL6T
a Adsiel —p<4 AdLi6T
i el puonpRYy T
o 10} paienued fan N
/ —/ L1
Jelq jenuoy) pug u PanRaY jioday feuly w, m uoijeredaid w poday
10§ 3591 Helg pajerdwor) 1521 "polg
JHW ANVJAWOOD SV9 TVHNIVN OONV'Id OId
Q40N 228
IWN\’ N . 1
JjUIM nIp w HAW Pug u.%yv 66y, widag > WMB 121 a
UofIdNpoly UG j[am pamol [em 1
nd pue 4g fnd
JHW M334D IDNVIOId TTdONW
2398 @ 135 pue poesq
uny Butse) zz# NGN o\ Ozt N
Y FA D JAR. Jan
AL S “7\QL L )y
Al u\ Supsey 1o pauapap 124 A |  pelud Buteq oz# wun u N Je1q H1# WM
124 pabba L0008 O3 P21 22# NAN ° PO 61 ‘ST ‘bl# SHun ‘paid 61 ‘ST# SHUN
4HIW ‘HVININ ‘SALLNY TVINIVN ‘SASTHdYAINT ONIONAO0Ud SVD
2nuRuUoY) O} UOISId2(F
ﬁ ) o a\
5 ) ] - -/
dn-ppng dHd [emeIpyILY femeIpuiy uoyoalu 3965 v uoye(ressuy u
/ uonoalug oA el pue pafjejsu] ugs
151 doig ) sanqoe.f
ANVAINOD SV FIVLISHALNI Oavd0O10D
N J P N V. Jah. 1 7™
-/ ) L\ L < O | I N O
uoday Buysa] ubeg w mo-ueap) q loye1ad( pue u HOISI3(] 22107 spung jo b/ 1521 unug
ajeiduio] Spun.j man A10s1npy Sulemy mo uey poig ulbeg 12 3521

reurq ajejduio))
enUO) AIPO
dHKW ODNV1d O ‘43D



6.1 CER/MHF III

CER Corporation was awarded a contract with DOE on June 19, 1974 to manage
a consortium of industry companies to perform a stimulation experiment in
low permeability gas reservoirs in the Piceance Basin in western Colorado.

INTERAGENCY AGREEMENT DATE: June 19, 1974

PROJECT COST (ESTIMATED) : DOE . . . . . $§1,975,000
INDUSTRY . . 1,500,000
TOTAL . . $3,475,000

PRINCIPAL INVESTIGATOR: G.R. Luetkehans

TECHNICAL ADVISORY FOR DOE: C.H. Atkinson, BERC

From the members of the consortium, Technical and Advisory Committees
were formed to set guidelines and to aid in conducting the experiment.

The test was to apply advanced hydraulic fracturing technology where it
had not previously been possible to obtain commercial production rates.
The test was located about one mile from the 1973 Rio Blanco nuclear
stimulation site and was to permit comparison of nuclear and hydraulic
fracturing techniques.

Following the production test of the fourth zone fractured in the well
(5,851 - 5,869 ft), the well was shut in on January 2, 1977. The build-
up test was terminated on March 10, 1977. Bridge plugs separating the
fractured zones were to be drilled out and all four zones commingled

for a two-month production test, but because of mechanical problems and
the resulting expenditure of all funds allotted for this work, plans for
further work are awaiting an Advisory Committee decision.
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6.2 Colorado Interstate Gas Company

The Colorado Interstate Gas Company (CIG) was awarded DOE Contract
EY-77-C~-08-1514 to determine if the productivity of wells completed in
low permeability natural gas reservoirs can be improved by reducing the
interstitial water saturation around the wellbore.

CONTRACT DATE: September 1, 1977
ANTICIPATED COMPLETION: December, 1980
PROJECT COST: DOE . . . . . § 75,000
CONTRACTOR . . 99,000
TOTAL . . 5174,000

The method used to accomplish this reduction of water saturation will be
a cyclic injection of dry natural gas. In addition, cyclic inijection of
dry natural gas may improve the productivity through dehydration of
matrix clays and the removal of formation damage adjacent to the surfaces
of induced fractures.

The project location is in the Wattenberg Field of northeastern Colorado.
The producing formation in this field is the Dakota J whichhas a poten-
tially productive area of about 625 square miles.

CIG will utilize two wells which were contributed by the Machii-Ross
Petroleum Company, both completed in the Dakota J sand for the project.

After the facilities are installed and serviceable, and the initial bottom

hole pressure (BHP) buildup completed, the Miller No. 1 well will be put
on production and the Sprague No. 1 well will be set up to received the
produced gas. The produced gas, water saturated at wellhead flowing
temperature and pressure conditions, will be dehydrated to a water con-
tent of 5 1lbs per MMCF before injection.

Mode 1 operations will be continued for seven days at which time it is
estimated that the Sprague No. 1 wellhead injection pressure will be
about 1,500 psi, and the Miller No. 1 wellhead flowing pressure at 50
MCFD will be about 300 psi.

At seven days, or when the wellhead injection pressure on Sprague No. 1
reaches 2,500 psi, mode 1 will be ended and the production and injection
reversed for the mode 2 operations. At the end of about six months,

the wells will be shut in for a 60~day BHP build up. Based on seven-day
intervals of operation in each mode, data will be available for 12
operating intervals in each mode. Changes in the interval of operation
in each mode, however, may be required, based on dew point and pressure
data. The three-year term of the project will permit three subsequent
six-month periods of cyclic injection, each followed by BHP build up
surveys. Figure 6-4 shows a generalized schedule of activities, depen-
dent on’ decisions to continue.
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6.3 Gas Producing Enterprises, Inc.

On July 1, 1976 a Contract EY-76-C-08-0681 was entered into between DCE
and Gas Producing Enterprises, Inc. concerning the conduct of a MHF
experimental program in the Natural Buttes Unit, Uintah County, Utah.

The program involves nine massive hydraulic fracturing treatments over a
two-year period in an attempt to determine a cost-effective method of
recovering gas from low permeability sands. This will be accomplished by
testing and evaluating the following:

Effect of fracture length on deliverability and
ultimate recoverable reserves.

‘Orientation of fractures.

In situ fracture conductivity created by different
combinations of proppants and fracture fluids.

Fracture fluid efficiency in transporting sand, con-
trolling frac height, avoiding formation damage and
breaking gels after frac.

Fracture of all sands in a 3,500 ft gross interval
including marginal and less well developed gas-bearing
sands.

Different methods of treatment and sand placement.

Other relating parameters will also be evaluated. All tests will be
performed under field conditions and the wells will be placed on pro-
duction immediately.

Figure 6-5 is a milestone chart showing the treatment schedule and the
individual operations for each well. A summary of the remaining wells
.in the program to be tested showing estimated formation characteristics
and thickness, amount and type of treating materials and other informa-
tion is shown on Table 6-2. Table 6-3 summarizes the fracture treatments
of the four wells already completed.

A contract modification for Phase V of the MHF Demonstration Contract
provides for an add-on to the CIGE No. 21 well to arrange for coring and
analysis, running of extra logs, and to run production and build up
tests on approximately six individual sand members within two or more
sections of the Mesaverde.

The core data, including special analyses, and production test data will

be correlated with log characteristics for better prediction of potential
productivity of a sand member by electric log interpretation alone.
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CONTRACT DATE:

ANTICIPATED COMPLETION:

TOTAL PROJECT COST:

PRINCIPAL INVESTIGATOR:

TECHNICAL PROJECT OFFICER:

July 1, 1976

September 30, 1978

DOE . « « + . . » . $2,827,000
INDUSTRY (PRIOR). . 1,881,000
INDUSTRY (NEW) . 3,045,000

TOTAL . . . . $7,753,000

W.E. Spencer
C.H. Atkinson, BERC

The contract modification provides for DOE contribution of an extra

$672,000 with GPE contributing roughly $100,000,

spudded on September 18, 1977.
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6.4 Mobil Research and Development Corporation

Mobil was awarded DOE Contract EY-76-C-08-0678 along with Signal Drilling

in the amount of $2.51 million for a MHF experiment in Rio Blanco County,
Colorado.

CONTRACT DATE: July 1, 1976
ANTICIPATED COMPLETION: December 31, 1978
PROJECT COST: DCE . . . . . . . . 82,510,000
CONTRACTOR (PRIOR). 2,376,485
CONTRACTOR (NEW). . 1,590,515
TOTAL $6,477,000
PRINCIPAL INVESTIGATOR: J.L. Fitch

TECHNICAL PROJECT OFFICER: C.H. Atkinson, BERC

The well was to be drilled to a depth of 10,600 ft but mud gas at that
depth resulted in a revised TD of 10,798 ft. Dual induction, sonic,
caliper, long-spaced sonic, temperature log in casing, borehole televiewer
and noise logs were run. The first perforated interval was 10,549 -
10,680 ft with 35 holes substantiated by BHTV.

During the first MHF treatment, a large unexpected treating pressure in-
crease occurred which began as soonh as fracturing pressure was reached
and was quite large before any sand entered the perforations.

After zone 2 was abandoned bhecause of a low production rate, the intervals
9,392 -~ 9,432 ft (3B sand) and 9,517 - 9,538 ft (32 sand) were perforated.
After the breakdown the well flowed at 930 MCFD, declining to 799 MCFD in

two days. The MHF was performed using 232,000 gal of Apollo Gel-40 and
600,000 lbs of 20-40 sand.

Early production tests showed the following rates:

DATE FLOW RATE
Sept 3 3.2 MMCFD
Sept 4 2.7 MMCFD
Sept 5 2.6 MMCFD

The well will be shut in for pressure build up measurements and then,
during October, Mobil will perforate and test zone 4,

The same procedure will be used in testing additional zones, i.e. perf-
orate, run BHTV, breakdown with KCl water, flow, run noise/temperature
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log and perform pressure buildup. Suitability of the zone for MHF will
be determined from the test data. If the zone is found suitable for MHF,
it will be fractured and tested in the same manner. If not, additional
zones will be similarly tested until a suitable zone is found. It is
estimated that as many as 6 intervals will be fractured. Present plans
call for three frac jobs in calendar year 1977 and three in 1978.
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6.5 Rio Blanco Natural Gas Company

In June, 1976 DOE Contract EY-76-08-0677 was signed with Rio Blanco
Natural Gas Company. The scope of work consisted of preparing an
existing well (Federal 498~4-1) for the MHF treatment. The MHF design
was planned to utilize approximately 280,000 gal of gelled water and
approximately 770,000 1lb of sand.

CONTRACT DATE: August 1, 1976

ANTICIPATED COMPLETION March 31, 1978

PROJECT COST: DOE . . .. . . $ 410,000
CONTRACTOR . . . 592,736

TOTAL . . . $1,002,736

PRINCIPAL INVESTIGATOR: R.E. Chancellor
TECHNICAL PROJECT OFFICER: C.H. Atkinson, BERC

Contract MHF treatment performed October 22, 1976, used a total of
276,000 BBL pumped, including sand volume and flush.

The post frac cleanup proceeded satisfactorily. Gas flow increased from
gas-cut water to 800 MCFD, but within 22 days the flow had declined to
the 200 MCFD range.

The production rate appeared to stabilize at about 130 MCFD after three
months of production.

The rapid decline in flow rate may be indicative of fracture healing due
to sand grain crushing or imbedment. DOE and Rio Blanco Natural Gas
Company entered into a supplemental agreement, effective October 1, 1977,
to determine whether the previous fracture may have closed due to prop-
pant crushing or whether less gas is available than originally estimated.

It is the basic purpose of the proposed fracture to inject essentially the
identical frac materials used in the MHF (although in smaller quantity)
into the same depositional sequence of rocks, under approximately the same
reservoir conditions; the key controlled variable being the addition of
12/20 mesh glass beads. These are high strength propping material and will

be mixed with the sand proppant normally used during the latter part of the
fracture treatment.

Post frac flow characteristics of the proposed stimulation compared with

those of the first MHF will yield important data relating to proppant
efficiency in sustaining fracture conductivity.
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An additional result of the project would be that combined with the three
previous stimulations, it will complete a cumulative treatment using KC1
based hydraulic fracs, of the entire 1,600 ft thickness of Mesaverde rocks
penetrated by the well. Thus the commingled deliverability of the well
will be a measure of the productiwve capability of this rock sequence under
existing "state of the art" conditions.
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