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PREFACE
The Stanford Geothermal Program conducts interdisciplinary research and training
in engineering and earth sciences. The central objective of the Program is to carry ouq
research on geothermal reservoir engineering techniques useful to the geothermal industry. A parallel objective is the training of geothermal engineers and scientists for
employment in the industry. The research is focused toward accelerated development!
I

of hydrothermal resources through the evaluation of fluid reserves, and the forecastingl
of field behavior with time. Injection technology is a research area receiving special
attention. The Program is geared to maintain a balance between theoretical, laboratory, and matching field applications.
Technology transfer is an integral part of the Stanford Geothermal Program. Major activities include a Geothermal Reservoir Engineering Workshop held annually, andl
weekly Seminars held throughout the academic year. The Workshop has produced al
series of Proceedings that are a prominent literature source on geothermal energy. The
Program publishes technical reports on all of its research projects. Research findings
are also presented at conferences and published in the literature.
Geothermal reservoir engineering research at Stanford has gained considerable
breadth through the Program’s international cooperative projects. There are researchl
agreements with Italy, Mexico, New Zealand, and Turkey. These international projects
provide a wide spectrum of field experience for Stanford researchers, and produce field
data with which to develop and test new geothermal reservoir engineering techniques.
The Stanford Geothermal Program was initiated under grants from the National
Science Foundation in 1972 and continued under contracts from the Energy Research
and Development Administration and, since 1977, the Department of Energy. This
publication is the Sixth Annual Report to the Department of Energy under contract

...
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DE-AS03-80SF11459 (previously DE-AT03-80SF11459) which was initiated in fiscal
year 1981. The report covers the period from October 1, 1985 through September 30,
1986. The Injection Technology activities are now separate from the Reservoir Technology activities and are presented in the Second Annual Report to the Department of
Energy under contract DE-AS07-841D 12529.
The successful completion of the Stanford Geothermal Program’s objectives
depends on significant help and support by members of federal agencies, the geothermal industry, national laboratories, and university programs. These are too many td
acknowledge by name. The major financial contribution to the Program is the Department of Energy though its San Francisco and Idaho offices. We are most grateful for
this support and for the continued cooperation and help we receive from the agency
staff.
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INTRODUCTION
The Injection Technology portion of the Stanford Geothermal Program in fiscal
year 1986 was divided into several task areas, as defined in the Department of Energy
contract DE-AS07-84ID12529. Three of the task areas were carried out within tha
Petroleum Engineering Department and one within the Civil Engineering Department.
The injection of spent geothermal fluids has rapidly become a pressing research
problem in reservoir engineering. Although injection has the potential of maintaining,
~

reservoir pressure, world-wide experience from liquid-dominated fields indicates thatl
rapid breakthrough can occur. The cold fluid short-circuits from the injection well to^
production wells along high conductivity fractures. A powerful method for investigating such flow is the use of external tracers. A balance between theoretical and experimental studies is sought. One goal is to develop new methods of observing reservoir
I

behavior and to test these new methods in the field.
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2. INJECTION TECHNOLOGY
The major emphasis in this task is development of new techniques for predicting
the behavior of injected cool separated brine through fractured geothermal reservoirs,
The key to forecast the thermal breakthrough of injected water is to develop a betta4
comprehension of both tracer behavior and its flow through fractured systems. Emphasis is placed on identifying the transport mechanism by a combination of theoretical, experimental and field test methods. The current project is broken down into three
areas of activity. The activities include laboratory tracer studies, improvements in
tracer test design, and tracer test interpretation.

2.1

Effect of Transverse Mixing on Tracer Dispersion in a Fracture
L. W. Bouett and R. N. Horne

I

The experimental work begun by Gilardi (1984) to investigate Taylor dispersioq
in a fracture was continued in the present work. The result of this work is a Master'q
Report'. Investigations into other possible physical mechanisms present in the laborai
tory model continued during the previous quarter. Of special interest is the role that
variation in fracture width plays in the experimental determination of the fractuq
I

dispersion coefficient.
Laboratory investigations into the physical mechanisms of tracer dispersion and
retention in a planar fracture were conducted. Iodide and chloride tracers were flowed
in a fracture, first without obstructions and again with a nylon mesh to simulat&
transverse mixing and to provide closed pore volume. Tracer was flowed as a step in+
put across the fracture width. Tracer concentration within the fracture was measured
Bouett, L. W.: "The Effect of Transverse Mixing on Tracer Dispersion in a Fracture", Masters Report, Stanford University (1986).

-3at a series of electrodes embedded in one of the confining plates. The measurements
were controlled by and stored in a microcomputer. The theoretical response for linear
Taylor dispersion was matched to the data to determine the non-linear parameters velocity and dispersivity (Fig. 2.1.1). Several data sets were fitted using the derivative of
I

the analytical solution for a step input (Fig. 2.1.2), which is the analytical solution fa
a spike. Despite noisy data it was observed that the presence of the nylon mesh did
not significantly change the dispersivity (Fig. 2.1.3). Proposals are presented to imi
prove the quality of the data acquired.
Several experimental runs were performed in which the injected tracer was
colored with food coloring. This was done to provide a visual means of tracking the
tracer front. Unfortunately the color contrast was not sufficient for photographic film
~

to record the event; however it was observed that there was some skewing of the front,l
I

presumably due to a variation in thickness of the fracture width. When the fracture
width was adjusted and another run made it was observed that the skewing of the front

I

had been greatly reduced. Analysis of the results of the two types of runs (slightly
skewed front versus nearly even front) continues; however preliminary analysis seemsl
to imply statistically similar results. There is still noise in the data which tends to ob-,
scure small variations in the arrival time of the tracer front at a particular electrode.
Analysis of recent runs should be completed before a legitimate comparison with
previous results will be fully known. In addition, attempts continue to produce good
visual contrast between the two flowing fluids so that a photographic record may be
obtained.
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2.2

Injection Through Fractures

R. Johns and R. N. Horne
The objective of this study is to perform laboratory trac c tests n fractured

res

analyze the tracer test data using analytical tracer models and relate the model resultsl
to the lab results (Fig. 2.2.1). The mechanisms controlling tracer movement and thd
effects of reservoir properties on tracer transport can then be studied in the controlled
lab environment. The advantage of a lab test is that reservoir description is precisely
known. In a field tracer test there is always a large uncertainty in geologic description.
The work this past year has been primarily experimental. A great deal of effort
was spent in the early stages defining lab procedures, equipment and data acquisition
I

systems which realistically emulates an actual field tracer test and provides adequate
data for interpretation. The lab techniques were defined through a number of experimental dry runs and in the third quarter all procedures were in place. Tracer testsl
were then conducted during the fourth quarter on both fractured and unfractured core
samples under a variety of flow conditions. At this point the laboratory effort hasl
been successfully completed and future work will address analysis of the past year's'
experimental results.

Experimental Procedures
Initial test procedures were similar to those employed in a field test. Tracer was
introduced at the core inlet and samples of the core effluent were collected downstream
of the flow control valve at the core holder outlet. These discrete samples were subsequently analyzed to determine tracer concentration. Unfortunately, this simple method
which works well in field tests was not suited to lab tests. The volumes of core
effluent are small (2-4 mvmin) and the minimum sample size necessary for tracer
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Figure 4. Laboratory results vs. model results.
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-7detection methods is large (2-3 mVmin). Thus, only one data point was possible every
minute and the data point represented a time average -rather than instantaneous- concentration for that minute. As the transient period of tracer response is only 3-

4

minutes, this method could not sufficiently resolve the shape of the transient.
Using the previous lab experience to define our test requirements, new procedures
were developed. An electrode was inserted in the flow stream to measure the resistivity of the fluid at the valve exit. The resistivity measurements, which correlate to tracd

concentration, could be taken at a very high frequency providing instantaneous -rathes
I

than time average- data. Initial runs using a mini-computer for control and datd
storage and a microprocessor for A/D conversion and interface provided nearly continuous data collection (4-5 data points/second if desired).
Two final procedural improvements were made. An additional electrode was inserted at the core inlet to detect tracer entering the core. This "quality control'' meas-l
ure will detect any problems introducing tracer to the core which could cause an erroneous response at the exit. Also, the outlet electrode was moved directly downstream of the core to avoid any mixing caused by the control valve at the flowstream
exit. This final system was tested for repeatability in several dry runs and performed
well. The data was sufficient for both real time and time derivative methods of
analysis, as shown in Figs. 2.2.2 and 2.2.3.
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-9Experimental Results
During the final quarter over ten tracer tests were conducted on fractured core
samples. Also, several experiments were made on unfractured cores to provide a reference or contrast case for comparison with the results from the fractured core. The
fractured samples were tested over a wide range of injection rates. The rates, whiclj
range from 0.1-10.0 ml/min, will provide velocities that cover the wide range seen in
field tests. In addition, velocity effects on tracer transport mechanisms can be studied.

Future Work Plans
Currently, the work effort has shifted from the laboratory. The future study program is to analyze and interpret the experimental results gathered to date. To comd
plete the study, several mathematical tracer flow models will be used to model the ex!,
I

perimental results. Using the model which best replicates test data, the model vari-'
ables will be evaluated for comparison with the physical core properties. Finally, the
model will be tuned to provide estimates of physical properties which match core observations.

2.3

Optimization of Injection Scheduling

J. Lovekin and R. N. Horne
Developers of geothermal fields typically choose a configuration for injection
wells after a number of development wells have already been drilled. Injection is used
as a means of (1) disposing of waste brines, (2) maintaining reservoir pressure, and (3)
increasing the thermal recovery from the reservoir rock. However, because of the
highly fractured nature of most geothermal reservoirs, injection can lead to premature
breakthrough of cooler injected fluids at producing wells. The goal of the current

- 10 work is to provide a systematic method by which operators can decide on both the:
configuration of injection wells and the allocation of injection rates given an existing
set of wells.
The proposed approach involves optimization algorithms from operations research
to the results of tracer tests. The approach assumes that a rapid transit of traced
between two wells correlates with a high likelihood of premature thermal break-1
through. Since fractures in the reservoir make it difficult to model actual flow paths,
the approach considers each well to have a potential direct connection with every otherl
well in the field. In effect, the geothermal reservoir is treated as a network of pipes,
with different pipe diameters corresponding to the ease with which breakthrough occurs between each well pair. The problem of minimizing the potential for breakthrough is thus analogous to that of distributing water to various points in a pipe network while minimizing the total head loss.

Problem Formulation
In the formulation of injection optimization as a linear programming problem, the
likelihood of thermal breakthrough is called the field's breakthrough potential, @b

11

is treated as an objective function to be minimized, subject to constraints which include (1) achieving a specified total field injection rate, Q, and (2) staying within al
maximum feasible injection rate, q-,

for each individual well, i. In the preliminary

approach used to date, Ob has been defined as the summation of the product of injec-'
tion rate (qi) and the apparent tracer velocity (vi) for every well pair, i , j . This
definition makes intuitive sense, because higher injection rates and faster apparent
tracer velocities should produce rapid thermal breakthrough. Using this definition, the
formulation of the linear programming problem is as follows:

I

- 11 -

C vG qi

Minimize

Qjb

Subject to

C qi I Q

=

qi 5 4qi 2 0

In this formulation, the injection rate for each well, qi, is the decision variable,
and the coefficients of qi in the objective function (vi) are presumed to be inferabld
from tracer tests. It is also presumed that Q is known (based on anticipated rates of
brine production or estimated make-up water requirements for pressure maintenance)
and that qi-

is known for each well (based on injectivity testing). This linear pro-

gramming problem may be solved by the Simplex method. In the resulting solution,
the optimal injectors and the rates into each well are determined by positive values of

'

I

qi, while wells with qi equal to zero should be retained as producers.

I

This formulation of the problem as a linear program is considered preliminary,

because it is not clear that the product of tracer velocities and injection rates should be^
linear. If a dependence of vi on qi can be quantified, it may be appropriate to apply
non-linear optimization techniques to minimize breakthrough potential. Furthermore, it

I

may be desirable to refine the definition of breakthrough potential by including other'
parameters from tracer tests, such as the peak tracer concentration, the degree of
dispersion in the tracer profile, or differences in pressure and elevation between injectors and producers.

Accomplishments
Work on this project began in Autumn Quarter, 1985. To date there have been
four main accomplishments. First, a literature search was performed on applications of

I

- 12optimization algorithms from operations research to petroleum and geothermal reservoir engineering. This search used the DOE Energy Database and revealed that there
has not been much previous work on the subject. Second, the problem of optimizing,
geothermal injection was formulated on a preliminary basis as a linear programming
problem. To do this, the researcher took a course in linear programming theory from
the Operations Research Department during Winter Quarter. The problem formulation
and its limitations are described in the following paragraph. Third, a commercial computer program for solving linear programming problems by the Simplex method was
I

reviewed and applied to several sample problems. Fourth, data from three 1979 tracer
tests in the Wairakei Geothermal Field were reviewed. Distances between each tracer
injection well and the surrounding monitoring wells were tabulated, and the tracer
profiles were inspected to identify the exact time to first arrival for each~
injector/monitor pair. These distances and transit times permit a quantification of

the^
I

potential for thermal breakthrough between different wells in Wairakei and will provide an actual data set for use in the refinement of an injection optimization routine.

Future Work
The principle tasks remaining in the project are as follows. First, the preliminary

- 13 2.4

Boundary Integral Equation Method for the Solution of Fluid Displacement
Problems

J. Kikani and R. N. Horne
Computing time and storage requirements are a major problem in any large scale
three dimensional simulation study of a complicated reservoir aquifer system. These
requirements are solution oriented, that is it depends on the way you discretize and
treat your problem domain. Finite difference and finite element methods are quite popular and widely used in oil and geothermal industries. These techniques require the
discretization of the whole problem domain into a number of grid blocks accommodat-’
ing the boundaries. Finite difference methods have problems in handling complicated

geometries whereas finite elements conform to such in a better way. Both of the
above techniques though are quite storage as well as computing-time intensive.
A relatively new technique known as the boundary integral element method
BIEM is more conducive to our needs in terms of handling complicated geometries as
well as low computational time. The major advantage of this method comes from the
fact that for a 3-D problem only the boundary surface of the domain need be discretized in planar elements as contrasted with the other two techniques which need the
whole domain of interest to be discretized. Boundary element technique is compatible
with any kind of system geometry as well.

Current Status
As extensive literature search was done in groundwater hydrology and related
areas where some work of this nature has been done. We then started with the problem formulation for the two-dimensional steady flow of a single fluid in porous medium, which is the 2-D Laplace’s equation. With the aid of Green’s second identity and

- 14the free space Green’s function for Laplace’s equation this problem was transformed
into a difference of two integrals over the boundary of the problem domain. The
governing equation was then discretized over the boundary of the region. Computer
programs were written to evaluate the flow potentials and velocities inside the region.
Time stepping and front tracking routines were included. The program was then used
on a variety of problems to check its validity.
As the next step well singularities were included in the program so that any
number of wells could be handled within the program. Singularity programming was
done to accomplish this since the flow potential contribution due to the presence of
sources and sinks is well established. The program has been tested on a variety of
cases. These are:
Flow between two parallel plates
Flow between two parallel plates with a wedge intrusion in the form of a
singularity
Flow through the parallel sides of a trapezoid (Figure 2.4.1)
Radial flow with and without a source and linearly spaced boundary ele-I
ments
Radial flow with and without a source and exponentially spaced boundary
elements
Irrotational flow in a corner (Figure 2.4.2)

The results obtained have been compared to the analytical solutions and they match
quite well.
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Of special interest is the problem of irrotational flow in a corner wherein one of
the boundary conditions is such that it gives rise to an infinite flux at a point (singular
point). In order to avoid it, we skewed the boundary slightly to include a no flux seg-1
ment instead of the singular point. This gave us very good results which were within

0.1% of the analytical results with a fairly small number of boundary elements. These
results were much better than those obtained by Numbere et al., who had a maximum
error of 8.3% at some points.

Future Work
Currently a computer program is being developed to incorporate two fluids in the
system. Sources and sinks could be handled adequately. A front tracking routine
would be added, and non-unit mobility ratio cases will be tested extensively.

2.5

Activable Tracers

C. Chrysikopoulos and P. Kruger
During the contract year, efforts were successfully concluded on evaluating the1
thermal stability and adsorption properties of indium, chelated with EDTA and NTA to
provide high sensitivity for enhanced reservoir tracer testing. Earlier efforts had
shown that indium, among a group of four activable tracers suitable as high precision
tracers in geothermal fluids, was the most promising for neutron activation and
gamma-ray spectroscopy measurement. The chelated form was selected as the best
means to enhance solubility in the difficult high-temperature rock-fluid geothermal environment, but uncertainty existed about its thermal stability and persistence in geothermal reservoirs during the life of a tracer flow test.
The chelated tracers, InEDTA and InNTA, were exposed to geothermal reservoir

~~

~
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temperatures ranging from 150 to 240 C in special gold-lined vessels (provided by the
USGS, Menlo Park) to remove material interferences in the thermal stability tests. Experimental stability data were obtained by activating samples in the 2 ug Cf-252 neutron source (provided by the Stanford Linear Accelerator Center). The experimental
results were shown in Figures 2.5.1 and 2.5.2. The data indicate that indium, chelated
with EDTA, could be thermally stable in geothermal reservoirs at temperatures up to
about 200°C for at least 20 days.
The tracer was also tested for adsorption non-conservation by interaction with
ground graywacke sandstones, typical of rocks in geothermal reservoirs. The resulting
data are shown in Figure 2.5.3. The data indicate that the chelated form of indium is
chemically stable, even in the presence of iron with a stronger EDTA chelate formation constant, and that the time limit on its use is influenced essentially by thermal degradation.
I

The data and conclusions of these experiments underwent Technology Transfer by'
means of (1) presentation at the 1lth SGP Workshop on Geothermal Reservior En-'
gineering*; (2) the Engineer Thesis of Costas Chrysikopoulos**;and ( 3 ) a SGP Techni-i
cal Report***. The latter manuscript has been condensed and submitted for achival
publication.

I

Other activities included the contact with the Cornwall Hot Dry Rock group in
England to assist with the interpretation of the first application of indium EDTAchelated activable tracer in a geothermal reservoir tracer test. The experiment was run
in May, 1986 and the samples were shipped to the Harwell National Laboratories for

neutron activation and radiation measurement. It is anticipated that the results of the
Cornwall experiment will be made available to the U.S. geothermal community.
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Further analysis was made of the potential for a field laboratory facility using a
mobile neutron generator and radiation detection eqiupment for on-site measurement.
The high cost of a large isotopic neutron source and regulatory restrictions on radioactive materials make this a difficult problem. Attention is also being given to the

POI

tential of the rare gases (chemically inert) Xenon and Krypton, in activable or stabla
form as clathrates, as useful high-sensitivity tracers for vapor-state fluids in vapordominated or two-phase geothermal reservoirs, The potential for such tracers is1
enhanced by their chemical inertness, low background in geothermal fluids, and sensiI

tive methods for measurement, such as radiation spectroscopy and nuclear magnetic
I

resonance.

I

* C. Chrysikopoulos and P. Kruger: "Thermal Stability of Chelated Indium Activable Tracers", Proceedings, 1 lth Annual Workshop on Geothermal Reservoir En-'
gineering, SGP TR 93, January, 1986.

**

I

C. Chrysikopoulos, Engineering Degree Thesis, School of Engineering, Stanford
I

University, 1986.

***

C. Chry sikopoulos and P. Kruger: "Chelated Indium Activable Tracer for Geothermal Reservoirs", SGP Technical Report TR 99, June, 1986.

- 21 3. TECHNOLOGY TRANSFER
The Eleventh Workshop on Geothermal Reservoir Engineering was held at Stanford University on January 21-23, 1986. The attendance was at the same level as the
previous year with about 144 registered participants. Ten foreign countries were
represented: Canada, England, France, Iceland, Indonesia, Italy, Japan, Mexico, New
Zealand and Turkey.
The purposes of the Workshop are to bring together researchers, engineers, and
managers involved in geothermal reservoir studies and development, and to provide fot
prompt and open reporting of progress and the exchange of ideas. There were 3$
technical presentations at the Workshop which were published as papers in the 11th
Proceedings volume and one presentation was not published. Six technical papers not
presented at the Workshop were also published in the Proceedings volume. In additiM
to these 45 technical presentations or papers, the introductory address was given by J,
E. Mock from the Department of Energy.

Weekly seminars were held during the academic year on geothermal energy topics. Appendix A includes a list of the seminar topics for autumn, winter and spring
quarters. These Seminars are attended by Stanford researchers and personnel of the
U.S. Geological Survey and geothermal companies in the San Francisco area. The
seminars are also attended by representatives of geothermal companies in Santa Rosa.
Results of geothermal research at Stanford University were presented at several
professional meetings during the year and issued. Appendix D includes a list of these
publications and reports. The contents of the Proceedings of the Eleventh Workshop
on Geothermal Reservoir Engineering are included in Appendix B.

- 22
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APPENDIX A: Seminar Schedules

STANFORD GEOTHERMAL PROGRAM
STANFORD UNIVERSITY
STANFORD. CALIFORNIA 94305

Paul Kruger
Civil Engineering Dept.
Terman Bldg., Room M-19
(415) 497-4123 or 497-4744

S E M I N A R
Autumn Quarter 1985
Date
-

S C H E D U L E

Room 124, Noble Building

Thursday, 1:15-2:30 p.m.

Tit le

Speaker

Sept. 26

SGP Student Meeting

Oct.

3

Tracer Dispersion Experiments

Roland N. Horne
SGP

Oct.

10

Linear Boundary Detection in
a Single Interference Test

Jonathan Leaver arid
Avrami Sageev
SGP

Oct.

17

Application of the 1-D Linear
Heat Sweep Model

Paul Kruger
SGP

Oct.

24

Reservoir Testing

Henry J. Ramey, Jr.
SGP

Oct.

31

No Seminar
IIE-SGP Joint Meeting

Nov.

7

Nov.

14

Hydrothermal Alterations in
Geothermal Systems

Dennis Bird
Geo 1ogy

Geological and Mineralogical
Evaluation of Surface Geothermal
Manifestations

Y. Yamaguchi and

Mark Zoback
Geophysics

Nov.

21

Study of Natural Fractured
Systems with Digital Borehole
Televiewer Analysis

Nov.

28

Thanksgiving Recess

Ronald Lyon
AES
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STANFORD GEOTHERMAL PROGRAM
STANFORD UNIVERSITY
STANFORD, CALIFORNIA 94305

Paul Kruger
Civil Engineering Dept.
Terman Bldg., Room M-19
(415) 497-4123 or 497-4744

S E M I N A R
Winter Quarter 1986

Room 124, Noble Building

Date
Jan.

9

S C H E D U L E

Title

Thursday, 1:15-2:$0 p.m.
Speaker

SGP Student Meeting

Jan. 16

SGP Staff:

Jan. 23

Eleventh Annual SGP Workshop
(Jan. 21-23)

Jan. 30

Review of Seventh NZ Workshop

Abraham Sageev
SGP

Review of IIE-SGP Meeting

Frank G. Miller
SGP

Geologic and Fluid-Flow
Characteristics of the Cerro
Prieto Geothermal Field

Susan Halfman
Lawrence Berkeley Lab.

Feb. 13

Update on Operations at
The Geysers

Joel Robinson
Union Oil Company,

Feb. 20

Chevron Geothermal Activities
in Nevada

Jerry Epperson
Chevron Resources

Feb. 27

Environmental Aspects of Power
Generation at The Geysers

Ron Suess
PGCE

Temperature Drop Model for
Two-Phase Flow in Wellbores

Don Michels

Feb.

Mar.

6

6

Workshop Preparation
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STANFORD GEOTHERMAL PROGRAM
STANFORD UNIVERSITY
STANFORD. CALIFORNIA 94305

John R. Counsil
Petroleum Eng. Dept.
Mitchell Bldg., Room 360
(415) 723-1218 or 723-4746

S E M I N A R
Spring Quarter 1986
Date
-

S C H E D U L E

Room 124, Noble Building

Title

Thursdav. 1:15-21:30

D.m.

Spe ake r

April 10

Organizational Meeting

April 17

No Seminar
(Affiliates Meeting)

April 24

Use of the Hurst Simplified
Method to History Match the
Performance of Five Geothermal
Fields

Dave Brock
Petroleum Engineering

SGP Faculty

May

1

Injection Tracer Backflow Tests

Ibrahim Kocabas
Petroleum Engineiering

May

8

Tracer Dispersivity in Fractures

Larry Bouett
Petroleum Engineering

May

15

Linear Skin Boundaries

Ani1 Ambastha
Abraham Sageev
Petroleum Engineering

May

22

Adsorption of Steam on
Geothermal Cores

Jeralvn Luetkehens
Paul Pettit
Petroleum Enginqering

May

29

Computer Generation of Type Curves
Interference Testing with
Boundaries

Brenna Surritt
Abraham Sageev
Petroleum Engineering

I

- 25

-

APPENDIX B: Table of Contents Proceedings Eleventh Workshop
TABLE O?

Preface

comms

........................................

-vii-

Introduction
loi'i o Puna: Geotherul Research in Hawaii

- A.

Seki et a1

.............

1

Well Testing

. .Pressure
. . . . Transient
.................
Significance of Early
Data in Interference Testing for
Linear boundary Detection - A.
et
...................
Injectivity and Productivity Estimation in Multiple teed
Geothermal Wells - J.D. k a v e r .........................

23

Curtomired Well Test Methods for a lon-Curtaary G e o t h e m l Well
L B u r r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . .

29

Preliminary Studies of Tuo-Phase Effects
Data B.L. Cox and C.S. Eodvarsson

.

011

7

Time

The

Sagrev

a1

15

trac turer

.................................
Geysers Hydrothema1 System:
Rerervoir Fracturing in
?act or Fallacy? - J.J. Bebein .........................
Initial Ueasurementr of Petrophysical Properties
Rocks f r m the
...........
Lor Azufres, Mexico, Geothermal ?ield - E. Contrcras et
Pressure Testing of a Eigh Temperature, Haturally tractured
Rercrvoir . Ke1L.r et a1 . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fracture Detection and Uapping - H.E. Coldstein and J.L. Iovinitti . . . . . . . . . .
Representative Element Modeling of tractura Systemr Based on
Stochastic Analysis - T.H. C l a o . . . . . . . . . . . . . . . . . . . . . . . .
Pemeability Modeling of Ilw in a tractured kotherral
Rerervoir .J.D. filler . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Reservoir Behaviour in a Stimulated Bot Dry Rock System
A.S.Batchelor

35

The

13

on

a1

8.

51

59
65
71

Dual

77

Reinjection

-

.. . . . . . . ..
....................
......
of
................................
P.
.........................

Reinjection Wodel Studier in tractured m d Raogeneour Ccothemal
SyStmS 8 . EOSC. m d E. OLpd.0
e
Breakthrough Time for the Source-Sink Well Deublet
W. Utnninger and A. Sageev
Tracer Developlentsr Rrsults
U.C. A d a s et a1

&

85
93

Experimental ltudirr

Therral Stability of Chelated I m d i u Actitable Tracers
C. Qiryrikopoulor and
Itruger

97
103

Modeling

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

Natural State Model of the Nerjavellir Ceotherul Field, Iceland
C.S. Bodvarrron et a1

-

109

The tvolutioa and Natural State of Large-Scale Vapor-Dominated
Zonea
S.E. Ingebritren

117

Quantitative node1 of the Cerro Prirto Field

127

S . 1 . Ralfman et a1

Ceorcicncer
The Effect of Temperature and Permeability on Hydrothema1 Sericite
Comporitionr in the Coro Hot Springr Ceotherral SyrtcP
B. Birhop and 0. Bird

..............................
Influence of Groundwater Flov
Therp.1
in Hountaineour
Terrain - C.B. Forrter and L. h i t h . . . . . . . . . . . . . . . . . . . . . . . .
Hot Springr Monitoring at Larren Volcanic National Park,
California 1983-1985 L. Sorry .....................
Inert and Beacting Tracer# for Rerervoir Siring in Fractured,
Hot Dry Rock S y a t a Tcrter et
.....................
The

on

Regime.

Michael

J.U.

a1

135

141'
149

Dircurrion on Maturing Ceotheraal Pirldr

.............
Cooling of the Uairakei Reservoir During Production .P. Bixley . . . . . . . . . . .
Modeling Studier of Cold Uater Injection into Fluid-Depleted,
Vapor-Dainated Ceothenul Rerervoirr C. Calore et J

.

161

169

Field Studier
The Coupling of the Nrmerical Heat Tranrfer Mode1 of the Paurhetk&
Hydrothermal S p r t a (Kmchatka, USSR) vith Hydroirotopic Data
A.V. Kiryukhin et al.

..............................
Prcrrure Profilea in Tw-Phaae Ceotherral Uellar Capariroa of Field Data
and Model Calculations kbartha end
Cudmundraon . . . . . . . . . . . .
A.

3.8.

of Tercer and Ceochairtry Behavior During Hydraulic
Fracturiag of a Hot DIT Rock Gcothemal Rerervoir
B.A. Robinaon

175,
183

A Field Study

..................................

189

Loggin4

...................................
Fracture Detection8 Interpretation of Vel1 L o p
Select Packer Seata
and Locate Injection Intervalr .D. Drecren et
................
Prerrure-Tlmperature-Spinner survey ia a Well at The hyrerr
A. Orenick

197

to

e1

Thir vork ir available aa a Stanford Univerrity, Department of Geology
l4arter'r Report, "Solution finera1 Equilibria i n the Coao Geothermal
Sy#tm," B. Birhop, 1983.

207

- 27 -

.........................

Single Borehole Geotherral Energy Extraction Syrtem for Electrical
p w e r Generation G.S. Lockett

-

215

lrrervoir Phyricr

........................

Deliverability and Ita Effect oil Ccotherul lover Cortr
J.A. Uarcou and J.S. Cubundrron

217

Enhancement of S t e m Ware Relative Permeability Due t o Phare
Traarforution Lffectr in Porour Media
A. V e m a and K. R u e r r

223

fie Streacting Potential Generated by ?low of Wet S t e m in Capillary Tuber
S.S. Ilclrrdcn, Jr. and C.K. v a n

225

A Tool and a Method for Obtaining Hydrologic ?IOUVelocity
karurementr i n k o t h e m a l Rerervoirr
C.R. Carrigan e t a t

231

.............................
........................

...............................
Arufrer, Hexico, Geothermal
Natural Vertical Flow ia the
Rcrervoir - E.R. Igleiiai et
.........................
Fracturing
Permeability Enhancement Uring nigh Energy
T.Y. Chu
a1 .................................
Lor

a1

237

Gar

et

245

Not Prercnted

............................
Significant Silica Solubility in Geothemal
R.Jacter
....................................
Power Potential of Geothermal Yell# Related to Berervoir Temperature
R.J~ner ....................................
The Reaponre
Exploitation of Rotorua Geothemal ?ield
Malcolm
Grant ................................

Conceptual Schematic Geologic Crorr-Sectionr of the Geyrerr
S t e m Field J.J. Bebein

-

251

Stcorn

to
A.

Geothermal Tuo-Phare Yellbore ?low: Prerrure Drop Correlationr
and Plow Pattern Tranaitionr
A.K. Ambartha and J.S. Cudmundrron

........................
Evaluation of Porour M e d i m Permeability by Acourtic Logging rind#
Geothermal Application# .B. Conche et a1 ....................
Lirt of Participant# ..................................

259
267
271

277
283
291

APPENDIX C: Participants in the Stanford Geothermal Program

Facultv
Henry J. Ramey, Jr.
Paul KNger
Roland N. Home
Frank G. Miller
William E. Brigham
Abraham Sageev
John Counsil

Reservoir Technology
Research Assistants (and others)
Dave Brock
James W. Lovekin
Jeralyn Luetkehans
Tom Lyons
Steve Lamb
Beatriz Salas
Ani1 Ambastha
Costos Chrysikopoulos

- 29 APPENDIX D: Papers Presented and Published 1985-86
1. B a a , J., Home, R. N., Greenstadt, J. L., and Lopez, L.: "Improved Estimation
Algorithms for Automated Type Curve Analysis of Well Tests", paper SPE 14255,
Proceedings, 1985 SPE Annual Conference and Exhibition, Las Vegas, NV, Sept
23-25, 1985.
2. Gerard, M. G., and Home, R. N.: "Effects of External Boundaries on the Recogni.
tion and Procedure for Location of Reservoir Pinchout Boundaries by Pressure
Transient Analysis", SOC.Pet. Eng. J., June 1985, 427-436.
3. Home, R. N., and Kucuk, F.: "The Use of Simultaneous Spinner and Pressure
Measurements to Replace Isochronal Gas Well Tests", paper SPE 14494, Procee+
SPE Eastern Regional Meeting, Morgantown, Virginia, Nov. 6-8, 1985.
4. Home, R. N., Gilardi, J. R., and Bouett, L. W.: "Dispersion of Tracers in Frac+
tures",
Proceedings, 7th New Zealand Geothermal Workshop, Auckland, New Zealandl
1985, p. 61-64.
5. Sageev, A., and Home, R. N.: "Interference Between Constant Rate and Constant
Pressure Reservoirs Sharing a Common Aquifer", SPE Journal, June 1985, 419426.
6. Walkup, G. W., Jr.. and Horne, R. N.: "Forecasting Thermal Breakthrough of
Reinjected Water Using a Dispersion-Retention Model for Tracer Test Interpretation", GRC Transactions, part II, August 1985, p. 369-374.
7. Dye, L. W., Home, R. N., and Aziz, K.: "A New Method for Automated Histoe
Matching of Reservoir Simulators", paper SPE 15137, Proceedings, 1986 SPE Cali.
fomia Regional Meeting, Oakland, CA, April 2-4, 1986, 443-461.
8. Home, R. N., Perrick, J. L., and Barua, J.: "Well Test Data Acquisition arl
Analysis Using Microcomputer", paper SPE 15308, Proceedings, SPE Symposiunl
on Petroleum Industry Applications of Microcomputers, Silver Creek, CO, June
18-20, 1986.
9. haver, J. D., and Sageev, A., and H. J. Ramey, Jr.: "Multiple Well Interferenm
Testing in the Ohaaki Geothermal Field", SPE 15112, presented at the California
Regional Meeting, SPE of AIME, Oakland, CA, 1986.
10. Masukawa, J., and Horne, R. N.: "The Application of the Boundary Integral
Method to Immiscible Displacement Problems", paper SPE 15136, Proceedings,
1986 SPE California Regional Meeting, Oakland, CA, April 2-4, 1986, 433-442.
11. Menninger, W., and Sageev, A.: "Breakthrough Time for the Source-Sink Well
Doublet", presented at the 1lth Workshop on Geothermal Reservoir Engineering,
Stanford, CA, 1986.
12. Pulskamp, J. F., Johns, R. A., and Home, R. N.: "Experimental Tracer Response
Curves for Fractured Cores", GRC Transactions, 10,1986.
13. Sageev, A.: "Slug Test Analysis", Water Resources Research Journal, Vol. 22, No.
8, 1323-1333, 1986.
14. Sageev, A., and Home, R. N.: "Interference Testing: Detecting an Impermeable
or Compressible Region", paper SPE 15585, Proceedings, 1986 SPE Annual
Conference and Exhibition, New Orleans, LA, Oct. 5-8, 1986.
15. Sageev, A., and H. J. Ramey, Jr.: "On Slug Test Analysis in Double-Porosity
Reservoirs", SPE 15479, presented at the Annual Technical Conference and

- 30 Exhibition, SPE of AIME, New Orleans, LA, 1986.
16. Sageev, A., Leaver, J. D., and H. J. Ramey, Jr.: "The Significance of Early Time
Data in Interference Testing for Linear Boundary Detection", presented at the 11th
Workshop on Geothermal Reservoir Engineering, Stanford, CA, 1986.

