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The Reservoir Engineering Management Program being conducted 
a t  Lawrence Berkeley Laboratory includes two major tasks: 
continuation of support to geothermal reservoir engineering related 
work, started under the NSF-RANN program and transferred to  ERDA a t  
the time of i t s  formation; 
tion of a broad plan for  support of research in tovics related t o  the 
exploitation of geothermal reservoirs. This p l a n  i s  now known as the 
GREMP plan. 

1 )  the 

2 )  the development and subsequent implementa- 

The continuation of support of research to NSF-RANN contract 
recipients has been reasonably straightforward. All  these groups were 
conducting research t h a t  could be related to  an improved capability t o  
expl o i  t geothermal resources and , accordingly , a1 1 contracts were con- 
tinued and are i n  force a t  th i s  time. Included here are the contracts 
a t  inst i tut ions shown i n  Figure 1 ,  which a l s o  indicates briefly the 
scope o f  work being done. 

In FY '77 ,  $515 K was spent i n  support of these programs. I t  
is  estimated tha t  $400 K will be spent on these contracts i n  FY '78.  

The "GREMP" Plan 

The acronym GREMP stands for  "Geothermal Reservoir Engineering 
Management Plan" and is  a misnomer. The plan addresses more t h a n  reser- 
v o i r  engineering and, i n  fac t ,  touches on almost a l l  technical areas 
involved i n  the exploitation of geothermal resources. The plan was 
deliberately made as broad as possible for several reasons: 1 )  in order 
t o  provide  some w r i t t e n  plan i n  a r e a s  f o r  which no p lan  e x i s t e d ;  2 )  in 
order t o  perceive the interrelationship that  exists among these technical 
areas, for instance physical properties of rocks and interpretive bore- 
hole geophysics; and 3) therefore, and i n  view of the total  program and 
the interrelationships o f  the technical areas, to provide i n s i g h t  into 
how to  implement the plan, e.g., what pr ior i t ies  should be assigned t o  
the various tasks and what m i g h t  the t o t a l  cost of  the program be. 

Elements o f  GREMP 

As conceived, there are 13 elements or technical areas t o  GREMP. 
These are shown i n  Figure 2. 
super groups i f  one would want t o  simplify the program: 1 )  work related 
t o  measurement methods of use i n  the exploitation of geothermal resources; 
2 )  studies o f  properties of materials of interest  i n  the exploitation of 
geothermal resources; 

The elements can be grouped i n t o  seven 

3)  work related to  the definit ion,  in the sense of 
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TITLE CONTRACTOR 

I 
Data Compilation and Analysis 
From I ta l ian  Geothermal Field Stanford- I t a l  i an 

Model i n g ,  Tracer, and Analytical 
Studies of Geothermal Resources Stanford Ramey-Kruger 

Wai rakai Geothermal Reservoir 
Model 

Mass and Heat Transport - 
Fractured Systems i n  Geothermal Princeton 
Reservoirs 

Uni versi ty  o f  Col orado Modeling of East Mesa Geothermal 

Cerro Prieto Geothermal Model i ng UC/Ri versi de 

Figure 1 .  Current NSF/RANN Legacies Contracts 
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*The el enient "M~~asurerncnt M ~ t h o r l s "  i s  hci ng handlccl o u t s i d e  GREMP at t h i o  time. 

F i g u r e  2 .  Overview of t h e  Geothermal Rese rvo i r  Engineering Prograin. 
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describing, of reservoir characterist ics;  4 )  studies of specific,  
general ized, and hypotherical geothermal resources; 5) model i n g  the 
behavior of geothermal systems; 6 )  exploitation s t ra tegies;  and 
7 )  economics. 
found i n  the report ent i t led "Geothermal Reservoir Engineering Manage- 
ment Program Plan (GREMP Plan)," issued by the Lawrence Berkeley Labora- 
tory (LBL-7000, UC-66a, TID-4500-R66, Oct. 1977) .  Detai 1 i ng any el ement 
of the program i s  a d i f f i cu l t  task, and,  i f  described i n  excessive de ta i l ,  
one m i g h t  a s  well have done the research. However, there i s  a need for 
some level of detail i n  explaining what sor ts  of t h i n g s  should be done 
w i t h i n  each element. To i l l u s t r a t e  the detail sought  for  the GREMP 
document the element "Well Testing" will be used as an example. As 
shown i n  Figure 3 ,  we were able to  break out research projects as a 
subset of the elements and research tasks as a subset of the projects. 
Note, for  example, the recognition of the need for new operational pro- 
cedures to define mass flow and energy flow ( i  .e . ,  power) characterist ics 
of a reservoir and also the desire to support work in crude estimating 
of the capability of a well. 

Details of what each of these elements involves can be 

Another p o i n t  i s  i l lus t ra ted  by Figure 2 ,  namely that  LBL and 
i n  f ac t  DOE/DGE does n o t  ex is t  alone. The well testing work involving 
instruments w i l l  be coordinated w i t h  the programs a t  Sandia because of 
the i r  ongoing program i n  instrument development and because o f  the 
innate strength of the i r  s ta f f  i n  instrument development. 

Interrelationship of the Elements of GREMP 

Figure 2 also shows the interrelationships of the elements of 
GREMP and i l lus t ra tes  the questions t h a t  these capabili t ies seek t o  help 
answer. The purpose of the entir.e GREMP program is  t o  establish a higher 
level of technical capabi 1 i t y  t o  exploit geothermal resources t h a n  now 
exis t .  The "bottom line" is  t o  produce better plans than are now possible 
for  technically feasible,  practically possible, and financially a t t rac t ive  
exploitation programs. 

Of fundamental importance are the questions: How large i s  the 
resource? and, What i s  the spatial  distribution of temperature porosity, 
permeability, and sal ini ty? W i t h  answers to these questions one should 
be i n  a position to determine i f  the resource contains enough energy to 
support a power plant of given s ize ,  i f  the energy can be moved o u t  to 
the surface of the earth where i t  can be converted t o  e lec t r ic i ty ,  and 
if there are any special problems to  anticipate.  
dissolved s i l i c a  and trace elements present i n  such amounts that  scaling 
of surface equipment will be a problem? The elements borehole geophysics, 
well tes t ing,  s i t e  specific studies (as a guide t o  completing a picture),  
a l l  contribute to  the answer to  these questions. 

For instance, are 

Once the "s ta t ic"  si tuation regarding a geothermal reservoir i s  
known, emphasis changes to  the question of how the reservoir will perform 
when produced. Various forms of modeling can be used to predict future 
performance. However, the exploiter of a geothermal reservoir s t i l l  does 
not have the plan he needs inasmuch as he must also consider the economics 
of the exploitation venture and the various strategies for  i t s  development. 
Accordingly the GREMP plan ca l l s  for some support i n  these areas of work. 
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"Well Testing" - Categories, Projects and Tasks 

PISEIIZCH U T E G O R Y  RESEARCH PRQ;ECT* RESEARCH TASK 

'An11 fczttvg 1. Assess  condltlons :n gcothemal 
r c s c r v o l n  t b z t  affect tool and 
acalysis reqsJt r e x n t s .  

2. 1n;rproved d a t a  gathcrlng systens.  

I 

W 
I 

A 

3.  

4. 

5. 

Develcp new te:tlng techniques 
3nd proceduies. 

k v c l o w n t  of i n k r p r e t a t l o n  and 
analysis rethods f o r  hydrculic 
well t e s t ing  and for  tcnnporary 
cccnplz t: on tes t ing  . 

Devclopxnt of mthods o f  analysis 
,of data l r n  passtve reservoir 
re5pcnsc. 

3. 

b. 

C. 

d .  

e. 

f. 

9. 

(1. 

b.  

3. 

b. 

3. 

b.  
C.  

Develop imoroved prcssur? tool capc51e o f  
6 5 3 ' i .  0-5003 p:f prc:sur?. 0.9. cccwacy. 
one s c c m l  rAniaum readout 1n:crval. 

Develop i ~ p r o v c d  tc?perature tool ca7i51c of 
659"i. accuracy o f  1°F. co2tinuws cpcrating 
up t o  90 days. 

Dcvcia:, r c l l a5 lc  dwnhole f l u <  m t e r  fo r  
geothcmal opplicatinqs.  

Ccvclop autcmted multi-will data gethertng 
sys t:m. 

Dcvclop icproved c a l o r l E t r y  systczs, 

Dcvclop triproved mzss flmt rat.? o?a;uring 
sy:ten;. par t icu lar ly  f o r  two-phase f?m. 

kvelo:, packing and iso1z;lon EppEra t ' J s  
f o r  do.chclc aFp l l ca t ims  such as dr!!l 
stcnr t e s t i n g .  

Technlqx: for  stmlterlcous onalysls of 
m;s: and heat novcyn t .  

New techniques fo r  c d e  es t tna tcs  o f  well 
cape5111 ty ( c f .  Ja-e; ;<?:hod). 

Inprove a d  extend thc analytlcal  capebi l l ty  
fcr  presst:rc End tc-:eraturc ana!ysls fo r  
un!nvcst:gat,?d in i t ! a l ,  Dzurda-y. and Internal 
co-,dltlons o f  the reservofr.  

Perfect the us? OF nc l l  head values Instecd 
of sand face valves I n  analyses. 

AinlysIs o f  e t r t h  t l d e s .  
Analysis o f  re:pw;c t o  nlcroselsns. 
Declin? c-jrve ana iys is .  

*All p r o j x t s  and tesks i n v o l v l n g  t o o l ,  hardware End v a t c r i a l  dcvelopxcnt w f l l  be cocrdlnzted 
x i t h  the Ecothcrrral L o g g i n g  3 c v c l o p x n t  P r o s r m  a t  Sandla Labora tor ies ,  Albuy:erque, 1; : ; .  

Figure 3 



Use of GREMP 

The GREMP program was reviewed twice by members of a so-called 
Review Task Force consisting of members of industry, government and the 
academic community. This group assigned pr ior i t ies  to the elements of 
the program. Highest priority 
was assigned to  well tes t ing,  then t o  interpretive borehole geophysics, 
then t o  geochemical techniques and problems, and so on. 
i t y  to  develop a plan for  geothermal l o g  interpretation has been trans- 
ferred to  Los Alamos Scientific Laboratory. The balance of the program 
is  currently being implemented by L B L ;  however, various considerations may 
possibly lead t o  parts of the program being revised and implemented 
elsewhere. 

These pr ior i t ies  are shown i n  Figure 4. 

The responsibil- 

In any event, implementation of the program ca l l s  for  the pro- 
cedure outlined i n  Figure 5. 1 )  w r i t i n g  of 
a request for  proposal t o  conduct research i n  the subject area, and 
2 )  receipt and review of proposals and award of contracts in such a way 
as t o  achieve greater technical capability for the geothermal community 
i n  a particular technical area. 

The key developments are: 

A t  the present time elements 1 ,  3 ,  and 4 ,  namely well tes t ing,  
geochemical techniques and problems, and properties o f  materials, have 
been announced i n  the Commerce Business Daily. 
each category have been received t o  date. 
testing i s  being mailed to  requestors this week. 

Over 80 requests for  
The RFP package for well 

Anticipated Expenditures for  GREMP i n  FY '78 

The total  currently authorized budget for  s u p p o r t i n g  both the 
continuation of the NSF-RANN research and the ini t ia t ion o f  new projects 
as a consequence of GREMP i s  $1 M. O f  th i s  amount, an estimated $400 K 
w i l l  be spent on the former NSF-RANN contractors. The balance of $600 K 
will be spent on new projects. A t  one time in development of the GREMP 
plan we estimated i f  a l l  t h i n g s  we t h o u g h t  should be done were done, the 
cost would r u n  over $2 M annually, n o t  including the NSF-RANN contractees. 
Based on our  experience t o  date w i t h  groups such as the NSF-RANN contrac- 
tors ,  i n  view of expressions of  interest  t o  date, and i n  view of what i n  
principle we would l ike t o  achieve, we anticipate t h a t  we can effectively 
spend $1.5 M i n  FY '78.  T h i s  support would go t o  continuation of support 
to NSF-RANN contractors and t o  s u p p o r t  work i n  well tes t ing,  geochemical 
techniques and problems, properties of materials , numerical modeling , 
analytical modeling, s i t e  specific studies, and socalled fundamental 
studies. Probably we will not be able t o  i n i t i a t e  any work from the 
GREMP program i n  physical modeling exploitation strategy and economics 
this fiscal  year. 

Looking a t  the O u t p u t  of the GREMP Program 

A question t h a t  can be f a i r ly  asked of those responsible for a 
research program i s  "What good have you done?" 
of the results of a research program, one must have an objective toward 

In order to have a measure 
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TABLE OF PRIORITICS 

RESI~lZVOJR EIZSTNCT.RING PIANACCt~lENT ?ROC;RA!*l 

P r i o r i t y  
Number E l c m c n t / C a t c g o r p  

1 1 I . C .  kic11 t e s t i n g  3 . 9  

2 11. B. Interpretive borehole g e o p h y s i c s  8.6 

3 1 I . D .  G e o c h e m i c a l  t e c h n i q u e s  and problems 7 . 6  

3 I. P r o p e r t i e s  of m a t c x i a l s  7 . 6  

4 1V.B.  Numerical m o d e l i n q  7.4 

5 1 I I . B .  S i t e  specj.fic s t u d i c s  6 . 3  

6 I1.A. Fundanental  s t u d i e s  5 . 9  

7 1 V . A .  A n a l y t i c a l  m o c i e l i n g  5.4 

8 I1 .A. S u r f a c e  cjeophysics 

9 1V.C.  P h y s i c a l  model ing 

10 V I .  E c o n o m i c s  

3 . 9  

3 . 4  

1.6 

11 V. E x p l o i t a t i o n  s t r a t e g y  1 . 5  

* On a scale of 0 - 10. 

Figure 4. 
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which the research contributes. DOE/DGE has such an objective. The 
primary objective i s  to  accelerate the commercial development of the 
nation ' s accessible geothermal resources. 

~ 

Accordingly, research projects undertaking to  solve or success- 
fu l ly  solving or contributing to the s o l u t i o n  of technical problems i n  
acceleration of near-term commercialization of geothermal reservoirs 
should be favored. For example, work t o  solve the problem of successful 
reinjection o f  spent brine a t  a specific s i t e  should be favored through 
such a policy. 
carried out w i t h i n  the geothermal program; many do not meet the clearcut 
c r i t e r i a  of solving a technical impediment tomorrow. However, i t  i s  not 
valid to  conclude that  therefore th i s  work i s  of no use. Research t h a t  
i s  potentially applicable and clearly relating to  the successful exploita- 
tion of geothermal resources needs to  be supported, even i f  i t  i s  n o t  
directed a t  today's c r i s i s .  There are  several reasons for  this view. 
First, research done i n  conjunction w i t h  persons i n  training (usually 
students) broadens the education of these persons i n  respect t o  existing 
knowledge. In this way they are better trained to  work i n  the geothermal 
industry. Second, support of basic or fundamental research invariably 
leads t o  the strengthening of the sc ien t i f ic  basis from which technology 
ar ises .  The establishment of such a sc ien t i f ic  basis does n o t  guarantee 
the development of  an applicable technology b u t ,  i n  the hands of a 
practice-oriented person, can lead to the solutions needed for accelera- 
tion of commercial development. Persons w i t h  such expertise therefore 
turn o u t  t o  be c r i t i ca l .  T h i r d ,  support for basic research usually 
a t t r ac t s  people who can generate an atmosphere of v i  t a l i  ty  and enthusiasm 
tha t  is  a healthy positive force for  attack on bo th  technological and 
sc ien t i f ic  problems. The entropy they create i s  valuable and again, 
the use of the i r  associated energy i s  focused by these a l e r t ,  practice- 
oriented persons. Such people are c r i t i ca l  to  the success of a geo- 
thermal industry . 

On the other hand, many kinds of "research" are being 

Conclusion and Summary 

Both the NSF-RANN legacies and GREMP are  i n  d i rect  support of the 
DOE/DGE mission i n  general and the goals of the Resource and Technology/ 
Resource Exploitation and Assessment Branch i n  particular.  

These goals are to  determine the magnitude and distribution of 
geothermal resources and reduce risk i n  their-  exploitation through 
improved understanding of generically different reservoir types. 
goals are to  be accomplished by: 1 )  the creation of a ' large data base 
about geothermal reservoirs, 2 )  improved tools and methods for  gathering 
data on geothermal reservoirs, and 3 )  modeling of reservoirs and 
u t i 1  ization options. 

These 

The NSF legacies are more research and training oriented, and 
the GREMP i s  geared primarily to  the practical development of the 
geothermal reservoirs. 
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