e

&

e

Geothermal Resources Council, Reno, NV, .
September 24 - 27 1979 .

To be presented at the 1979 Annua] Meet1ng, a«‘ :

STATUS OF GEOTHERMAL RESERVOIR ENGINEERING RESEARCH PROJECTS

SUPPORTED BY USDOE/DIVISION OF GEOTHERMAL ENERGY

) J; H. Howard and W. J. Schwarz

Jduly 1979

Prepefed forkthe U. S. Department of

Energy
- under Contract w-7405-ENG—48

Com .

LBL 9326

C,btbF ’I‘i 09 Q(p - -S



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



LEGAL NOTICE

This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United States Department
of Energy, nor any of their employees, nor any of their
contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy,
completeness or usefulness of any information,
apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.

>

Cr

£y

.



3

STATUS OF GEOTHERMAL RESERVOIR ENGINEERING RESEARCH PROJECTS
SUPPORTED BY USDOE/DIVISION OF GEOTHERMAL ENERGY *®

J. H., Howard and W. J.

Earth Sciences Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Schwarz

This report was pre
sponsored by the Unite:
United States nor the
Energy, nor any of their empl

NOTICE

contractors, subcontractors, 0T

any warranty, expre
liability or responsibl
or usefulness of any in

process disclosed, or represents

infring

ge privately owned rights.

pared as an account of work
4 States Government. Neither the
United States Department of
loyees, nor any of their
their employees, makes
ss or implied, or assumes any legal
ility for the accuracy, completeness
formation, apparatus, product or
that its use would not

 tively, the program consists of two parts:

ABSTRACT

In the fall of 1977, the U. S. Department of
Energy (DOE), Division of Geothermal Energy (DGE}
proposed that Lawrence Berkeley Laboratory (LBL)
assume lead responsibility, on DGE's behalf, for
geothermal reservoir engineering. This summary dis-
cusses briefly the DOE/DGE-sponsored geothermal re-
servoir engineering research program which includes
LBL in-house research and research done by others
through LBL. LBL in-house research has emphasized
improvement of well test analysis methods and the
development of geothermal reservoir performance sim-
ulators. Work by others has included 18 separate
contracts on a variety of technical and scientific
projects. Altogether, 29 distinguishable research
topics have been addressed. Fourteen institutions,
including eight private companies, have interacted
with the program. Table 1, along with figures 2
and 3 summarizes the status of the work.

INTRODUCTION

The purpose of this paper is to review the pro-
gram of geothermal reservoir engineering related re-
search that has been supported by the U. S. Depart~
ment of Energy, Division of Geothermal Energy,
through Lawrence Berkeley Laboratory. Administra-
(1) work
done at LBL, (2) work contracted for by LBL and done
by a variety of organizations other than LBL. The
primary responsibility assigned to LBL was (1) to
define and resolve technical and- scientific problems
related to successful exploitation of geothermal re-
servoirs. In addition, implicit in the assignment
was the desire that the program (2)- help promote the
establishment of an industry-wide geothermal reser-
voir engineering community and (3) help assure the
education of personnel who would staff this communi-
ty in the future. The document, LBL-7000 (Lawrence
Berkeley Laboratory, 1978) explains details of the
process that lead to the broad outline for research
shown in Figure 1. This outline addresses all con-
ceivable activities that relate to successful ex-
ploitation of a geothermal resource and goes beyond
reservoir engineering in a restricted sense. Those
activities in the top third of the figure (e.q.,
well logging) pertain to the acquisition, synthesis,

- and interpretation of information related to a work-

ing description of the reservoir, in particular to

estimates of its size, and to a description of the
distribution of temperature, porosity, pressure, and
' permeability within it. Those activities in the
cemtral third of the figure pertain to the develop-
ment of the capability to reproduce and forecast re-
servoir performance. The two activities in the
bottom third of the diagram, namely economics and
exploitation strategies, must be factored into good
planning for successful exploitation of a geother-
mal reservoir, which is the ultimate goal of the
effort.
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Fig. 1 Broad outline of geothermal reservoir

engineering related research activities.

The program has been executed in a way consis-
tent with the priorities laid down by the industry
advisory group which helped draft the planning doc-
ument. The priorities assigned are shown by numer-
als in the box for the activity (Fig. 1). Imple-
mentation of the program as originally defined (LBL-
7000) has been carried out mainly by LBL. However,
the University of Utah Research Institute has had
the lead role for research on surface geophysics,
and Los Alamos Scientific Laboratory has had the
lead role for well logging.
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WORK Oﬁ TECHNICAL AND SCIENTIFIC PROJECTS RELATED
TO SUCCESSFUL EXPLOITATION OF GEOTHERMAL RESERVOIRS

Although Fig. 1 provides a broad view of the
various research areas considered when the program
began, Figs. 2 and 3 are more useful in explaining
the many projects that have been considered. Fur-
thermore, these figures can be related to Table 1,
wherein certain details on the work are given. The
projects can be grouped as follows:

A. The synthesis of available sets of data and
other information related to geothermal reservoir
engineering: Items 1, 10, 11, 12, 14, 105, 106
(Table 1). For example, item 12 is a summary of
all available data on the Wairakei, New Zealand,
geothermal field.

B. The establishment of techniques of measurements
of interest to geothermal reservoir engineers:
Items 3, 4 (Table l). For example, item 4 concerns
measurements at the wellhead of noncondensibles in
the flow-stream.

C. The analysis of measurements in order to de-
fine the characteristics of a geothermal reservoir:
Items 2, 6, 15, 16, 17, 18, 101, 104 (Table 1).
Por example, item 2 is concerned with evaluating
the theoretical basis of the James method.

D. The generation of new data important to geo-
thermal reservoir engineering practice: Items 5, 7,
8, 9, 21, 22, 23 (Table 1). For example, item 7 is
concerned with procedures to mitigate mud damage.

E. The establishment, improvement, or application
of simulators that describe and forecast geothermal
reservoir performance: Items 13, 20, 102, 103
(Table 1). Item 103 is the LBL-developed simulator
"SHAFT 78," that models heat and fluid transport in
porous media.

It is subjective and also difficult to measure
the value of the overall program in terms of pro-
jects under way or completed since the beginning of
the program. However, the following should be
noted:

1. All identified major concerns have been ad-

dressed by qualified groups whose abilities to work
on the project has been favorably reviewed by selec-
tion committees made up mainly of non-LBL personnel.

2. A steady stream of publications, including both
volumes in the GREMP (Geothermal Reservoir Engineer-
ing Management Program) series and in the quarterly
Newsletter from GREMP, has been established.

CREATION OF AN INDUSTRY-WIDE GEOTHERMAL
RESERVOIR ENGINEERING COMMUNITY AND THE
EDUCATION OF PERSONNEL

Support provided by USDOE/DGE for research has
had a positive effect on creating a geothermal re-
‘'servoir engineering community and on the education
of personnel. This conclusion is supported by sev-
eral lines of reasoning. Forty organizations have
submitted proposals to the program, and 14 have
been supported. Contractor organizations, includ-

! ing LBL, have participated actively in professional
i society meetings (e.g., Pruess et al. 1978). :

Altogether, more than two dozen students have
been recognized to be part of the program through
reference to them in contracts. Also, in particu-
lar, Stanford University has reported employment of
eight students by geothermal companies subsequent
of their graduation; they constitute a highly sig~
nificant group to the future of geothermal resource
development.

CONCLUDING REMARKS

Our own judgment of the program is that it is
progressing well. However, two aspects that need
more attention are as follows:

1. Relating the results of research to identified
technical problems at specific geothermal sites.

As an example, it would be useful to know from in-
dustry how critical are concerns over mud damage at
their specific development sites, how important are
readings on wellhead enthalpy, and so on. Coopera=~
tion from industry in providing such feedback is
vital.
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Fig. 2 Summary diagram of well system and
near-bore research projects.

2. Economics. Although conceived as an area of
work in the original program plan, no effort has
been put on this topic in keeping with the recom-
mendation of the advisory group to GREMP. It is
very difficult, therefore, to place other research
in an economic framework and judge its importance
with respect to the crucial questions of economics
and geothermal resource development.
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Future work of the program should emphasize
- the application of research and heavier support to
problems of major economic consequence.

ACKNOWLEDGMENTS

This article was prepared for the U. §S. Depart-
ment of Energy under contract W-7405-ENG-48. We
wish to thank Dr. J. W. Salisbury and his associates
at DGE/HQ for their support to the program.

REFERENCES

Note: Space allows for listing of only final
GREMP series documents. A complete bibliography,
including referenced progress reports, is available
from the authors.

Cliff, W. C., Apley, W. J., and Creer, J. M., 1979,
Evaluation of potential geothermal well-head
flow sampling and calorimetry methods:
Lawrence Berkeley Laboratory, GREMP Series #7,
25 p. (LBL-9248).

Elders, W. A., Hoagland, J. R., Olson, E. R.,
McDowell, s. D., and Collier, P., 1978,

A comprehensive study of samples from geother-
mal reservoirs: University of California,
Riverside, UCR/IGPP-78/26, 264 P. (Also GREMP
Series #4; LBL-9088).

Harrison, Roger and Randall, Georgia, 1979, Anno-

. tated research bibliography for geothermal
reservoir engineering: Lawrence Berkeley Labo-

ratory, GREMP Series #1, 261 p. (LBL-8664).

Kassoy, D. R., and Goyal, K. P., 1979, Modeling
heat and mass transfer at the Mesa anomaly,
Imperial Valley, California: Lawrence Berkeley
Laboratory, GREMP Series #3, 171 p. (LBL-8784).

Lamers, Michael D., 1979, An appraisal of measure-
ment methods for geothermal well system para-
.meters: Lawrence Berkeley Laboratory, GREMP
Series #6, 40 p. (LBL-9090).

Lawrence Berkeley Laboratory, Earth Sciences Divi-
sion, 1977, Geothermal reservoir engineering
management program plan (GREMP plan):

Lawrence Berkeley Laboratory, LBL-7000, 136 p.

Pritchett, J. W., Rice, L. F., and Garg, S. K.,
1978, Summary of reservoir engineering data:
Wairakei geothermal field: Lawrence Berkeley
Laboratory, GREMP Series #2, 25 p. (LBL-8669).

Pruess, Karsten, 2Zerzan, J. M., Schroeder, R. C.,
and Witherspoon, P. A., 1979, Description of
the three-dimensional two phase simulator
"SHAFT78" for use in geothermal reservoir
studies: Soc. Petr. Engrs., AIME, Fifth sym-
posium on Reservoir Simulation, Denver, Colo.,
16 p.

Vetter, O.
Mesa:
Series #5, 52 p.

J., 1979, Scale inhibitor tests at East
Lawrence Berkeley Laboratory, GREMP
(LBL-9089) .




Table

1. Summary of Cectharmal Reservoir Engineering projects supported by USDOE/DGE through Lawrence Berkeley Laboratory.

ZIBAYDS pUB DPIBACH

ID # Brief project name Contractor Brisf summsry of work 1D # Brief project pame Coantractor Brief esummary of work
L. Status of reservolir Messurement A camprehensive appraisal of measurement needs and 14. Prototype of & Uotversity A physicel, viable sathematical model of an waen-
related measure- Analystis instrumentation for geotherwal applications has been fault-charged of Colorado ploited geothermsl eystem has beeo constructed im
aents o Corp. completed, indicating that commercislly available geothermal terms of a fault sone controlled charging of
technology and instrumentation existe reservolr # reservolr (Kassoy snd Goyal, 1979).
!o: all wellhead and pfo:e-- ::nnt ::u-urcn:;;qf" 15. Review of decline E. Zais sod This project i to review declins curve proceduces
qulrements, except tvo-phe ov (Lamers, ). curves appropriate Associates used in the petroleum induetry, determine vhich pro~
2. Theoratical banis University This project has just been started. Its purpose to geotheraal cedures are spplicsble to gaothermal systems, and
for James wmethod of Hawall 18 to understand the theoretical basis of James reservairs establish a theoratical bastis for applicabilicy.
ezpiricesl method for estimating mases flow and en- Project has just started. .
thalpy (Cheng,1979). 16. Nev analytical Stenford The utility of psrallelipiped —=odels has been
3. Measuremant of Battelle Several calorimetry methods for measuring geothermal wall teat methods University investigated (Raney et al., 1978).
snthalpy at Pacific wellhead enthalpies vere evaluated. A mixing tee for geothermal
wellhead Nor thwest d T was rec ded vhen cooling water is avail- engineering
Laboratory able. When not, a multiphese tank vas recomsended.
17. Studies of minaral Universfty Cuttings and core sasples, obtained from the six
Work has :.":t:d on engln;erln; :E::::'. 0'1. .:;;:‘"' focies and stable of Californis, wells drilled during the year 1977 vere studied
¢yatem and mixing tee condenser et sl-, )e tsotopes and thetir Riverside and interpreted to define the current tempesatures
4. Hessurements of TerraTek EBngineering design of @ device with the capability to relations to geo- in the field (Elders et al., 1978).
noncondensible monitor noncondenaible gas concentrations continucusly theraal teservoirs
o8 at vellnead :: 5:°lh:;:;: discherges hae been completed (Harrison 18. Understanding the Stanford The varistion of radon associsted with geothermal
" : signif fcance of University reservolr production has beeo analysed snd inter- -
3. Control of calcite Vetter Scala inhibitor tests performed at Republic Geother- radon in geothermal preted for several reservoirs throughout the
precipitation by Ressarch wal Inc. East Mesa welle have shown that Dequest can reservolrs world (Kruger et al., 1978).
additives » economically eliminate calcite precipitation in the
dtacharge flow stream (Vetter, 1979). 19. ::“t:::e:: ::c use :::1::.“0.)
6. Analysis of well Intercomp Comparison of Intercomp’s proprietary geothermal wall geothermal reservoirs
ceets o: tvo-phase bo;c ond :cl:rvolrl:ln:l-to;; vieh :h‘ c::e;ﬁn;n(nl 20. Study of basic Princeton Multiphass flow equations have been derived for
reservolr :n nunerlcn.dra-; s from r;e ot e;l- '8 has forsulation of University a deforsable porous medium. Equations for hest
cen completed. Data on tvo-phane well rests are staulators of and maes transfer in a fractured reservoir have
curreatly being assembled for analysis (Aydelotte and geothermal also been formleted. A computer cods BIFEPS
Taylor, 1979). treservoire (Block Interactive Finfte Element Processed Schems)
7. Tormation damage TerraTek Laboratory simulation of drilling mud damage to geo~ has been developed to solve nonlinesr transient pro-
of drilling wud thermal reserveir rocks has been inittated. Para- blems with one or two governing equations io two of
meters to be considered are pressure, temperaturae, three dimensions. (Pinder et asl., 1978). Ce
ir fluid chentist 4 1t d time
:::::::.r |9;9)_c ealstry, mi¢ compos one 0 21. Studies of hest Stanford Heat flow from rock to wvater has been studied se o
’ trensfer from rock University function of s nusber of parsmeters including the sise
8. Rslative permea- Stanford Relstive permesbility data have been collected by to fluid of rock fragsents (Kruger et sl., 1979).
bilic f st Unt: o t 78).
and v:t:r stoem vers ity cunsil (1978) 22. Vapor pressure Stanford The project demonstrated that vepor pressure may be
lovering pheno- Univers ity lowered as a consequence of a number of chemical snd
9, Calcite formstion Republic Carbonate rich geothermal brine is betng passed wena of geotherssl petrophysical parameters (Miller et sl., 1979).
by inappropriate Geothermal thraugh containers of granular materfale in order to flutde
:::::i:::n Inc. :1::“:::h::!‘::Ch."": and '.:; ollc::clto "'C:Plt" 23. Absolute permea- Stanford The effects of temperature and chemical composition
pore space. ¢ ultinate P':C! cal bility of gaothermal University of the rock types on relative permeability has been
_purpose of the activity is to plan remedial “acid fluide fovestigated (Miller, et al., 1978)
jobs™ on calcite-touled geotharmal vells y *
Michaels, 1979). 101, Numaricsl analystis L Analysis of fractured well response during testing
1 1 odels has b tudied. Re
10. Literature TerraTek An annotsted bibliography covering reservoir model~ ::.::::.;.:::.:5 ::—::r:u:::o:::l; v:(: n::ly:::u: solutions sulte
teviev of oar- ing, exploitation strategies, and interpretation of vations inh 4 Palen, 1979).
volr exploitation o production trends has been prepsred (Harrison and (Narasinhan an .
Randall, 1979). 102. Transtent two-phase L A code sinulating transient two-phase flow in bores
. 1 h. hae b ite d ed inst limit f1eld -
11, Study of the Stanford Geology and preesure-production history of Serraszano :L::. n geothernal 4::. :E? :t ;l:;c:n l;:;::' oaale - -
Travali Radicon- Univeretty reservoir have been reviewed. Bottomhole teapera- !
doli geothermal tures and pressures have been calculsted from well- 103, Geothermal reser- LBL A code to simsulate mase and heat transport in poroms
areas in ltaly head measurements. Aresl distribution of pressure voir simulator medis hss been written and spplied to hypothetical
has been mapped for seven different times spanning SHAFT 78 and resl exasples (Pruess et sl., 1979). [y
::u last 15 years. A conceptual model of Travall 104, Multiple well, L8t The ANALYZE code has been proven capable of this.
dicondol i geothernal f1leld was developed on the variable rate wvall kind of snalysis (McEdwards, 1979).
basis of the available field data (Miller et al., test analysis
1978).
105, Study of Serrazsano L SHAFT 78 ie being used to reproduce past performance
12. Dats collection Systems, All geological, geochemical, geophysical, and well- Castelnuevo geo- end forecast reinjection of :lquld (:chre-dnr et ale,
for the Watreket Sclence and bore data fram Janusry, 195) to December 1976 has thermal area, ltaly 1979).
tield, New Zesland » Sof tware been collected and synthesfzed (Pritchett et al., *
1978). 106, Study of the Cerro LBL A very comprehensive case etudy et Cerro Pristo is
13, Simulsattion of past Systeas, With the dats collected and synthenized (#12 abova), Prieto ares, Mexico :::::“::::‘::’:::.::oz:':;fv.};,:;:h the Mexican
and future perfor- Science and an attempt is under way to match the preseure and '
msnce at Wairaket, Sof tware enthalpy history during past production of the Warskei

Nev Zealand

fleld (Pritchett et al., 1979).

* Project completed.
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