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THE GEOTHERMAL RESERVOIR ENGINEERING MANAGEMENT PROGRAM 
( Inc lud ing  p r o j e c t s  cont inued  from t h e  former NSF-IIANN Geothermal Program) 

F i s c a l  y e a r  1978 w a s  t h e  second y e a r  of LBL's r e s p o n s i b i l i t y  f o r  t h e  

Geothermal Rese rvo i r  Eng inee r ing  Management Program ("GREMP") on b e h a l f  o f  

t h e  D i v i s i o n  o f  Geothermal Energy o f  t h e  Department of Energy. 

The h i s t o r y  o f  t h i s  program through FY 1977 is  exp la ined  i n  LBL's 

E a r t h  Sc iences  D i v i s i o n  Annual Repor t  f o r  1978. 

of t h e  program i n  FY 1978 are as f o l l o w s :  

A d m i n i s t r a t i v e  h i g h l i g h t s  

A l l  p r o j e c t s  s t a r t e d  under  t h e  NSF-RANN program were 
con t inued .  These i n c l u d e  work done a t  S tan fo rd  Uni- 
v e r s i t y ;  P r i n c e t o n  U n i v e r s i t y ;  Systems,  Sc ience  and 
Sof tware ;  U n i v e r s i t y  o f  C a l i f o r n i a  a t  R i v e r s i d e ;  
and t h e  U n i v e r s i t y  o f  Colorado.  A l l  of t h e s e  programs 
were f u r t h e r  ex tended  i n t o  FY 1979 w i t h  t h e  e x c e p t i o n  
of t h e  U n i v e r s i t y  o f  Colorado who chose  t o  conclude  
t h e i r  program. 

Seven new p r o j e c t s  w e r e  s t a r t e d .  These p r o j e c t s  are 
i n d i c a t e d  i n  Tab le  1. 

The D i v i s i o n  of Geothermal Energy re-emphasized i t s  
concern  t h a t  a l l  p r o j e c t s  under  the G R E W  program 
c l e a r l y  and d i r e c t l y  r e l a t e  t o  DGE's  "power-on-line" 
mission. The R e v i e w  Task Force  o r i g i n a l l y  c o n s t i t u -  
t e d  t o  overview t h e  GREMF' program was d i s s o l v e d ,  and 
p l a n s  were made t o  assemble  a new t a s k  f o r c e .  LBL 
was urged t o  s o l i c i t  i n d u s t r y  t o  a s s u r e  t h a t  t h e r e  
i s  F e d e r a l  s u p p o r t  o f  r e s e a r c h  t o  a l l  r e s e r v o i r  
e n g i n e e r i n g - r e l a t e d  t e c h n i c a l  "hangups" t o  "power- 
on - l ine . "  LBL w a s  r e q u e s t e d  t o  r e v i s e  and upda te  
t h e  o r i g i n a l  GREMP p l a n n i n g  document (LBL-7000). 

With t h e  e x c e p t i o n s  no ted  below,  a l l  p r o j e c t  areas 
o f  t h e  o r i g i n a l  GRENP p l a n  have  been addres sed  as 
have a l l  known 
impediments t o  

s e r i o u s  t e c h n i c a l  r e s e r v o i r - r e l a t e d  
geothermal  r e s o u r c e  development, 

This  work i s  sponsored 
of t h e  U.S. Department 

by t h e  D i v i s i o n  of Geothermal Energy 
of Energy under  Con t rac t  W-7405-ENG-48 
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e.g., formation damage during drilling. Important projects that 
have not yet received this full measure of support are work on 
mass flow measurement techniques, on use of tracers, and on decline 
curve analysis, particularly enthalpy decline curve analysis. A l s o ,  
in keeping with the recommendation of the Review Task Force, essen- 
tially nothing has been done on economics and on exploitation 
strategies. 

5. A so-called GREW publication series was started. Henceforth all 
reports prepared under GREMP contracts will be published or re- 
printed as part of this series. 
field and Terra Tek's bibliographic review will be the first two 
publications of this series. 

The program began issuing a "Newsletter." The first was issued 
Aug. 1, 1978; the second, Nov. 3 .  The purpose of the newsletter 
is to summarize the highlights of progress in research and to 
direct readers to new, complete reports on the research. The 
newsletter is available by requesting addition of one's name to 
the GREMP Newsletter mailing list. 

A plan for support of new work in the GREW program through 
FY 1980 has been developed. The plan is shown in Figure 1. 

S3 's  summary of the Wairakei 

6.  

7. 

Technical and scientific progress accomplished during the year can 
be related to five work areas. These work areas and the contracts within 

them are shown in Table 1. Brief sketches of these contracts and their 

achievements are shown in Table 2. 

Technical progress on the program has been very satisfactory. Worthy 

of special note are the following accomplishments: 

1. 

2 .  

3 .  

4 .  

5. 

Completion of a comprehensive bibliographic review of the litera- 
ture pertaining to geothermal reservoir exploitation (Terra Tek). 

Development of a quantitative model of a prototype geothermal 
resource, namely one dominated by a vertical fault (University 
of Colorado). 

Compilation of the entire production history of an important 
liquid dominated geothermal reservoir, namely Wairakei (Systems, 
Science and Software). 

Increasing awareness of the importance of lithology logging as 
a practical tool during drilling of geothermal wells (University 
of California at Riverside). 

Meeting for the third time at the annual Stanford Geothermal 
Workshop. 
for exchange of ideas and information in geothermal reservoir 
engineering. 

This Workshop has become the outstanding public forum 

n 
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PX0GRIL”I AREAS 

T i b l e  1. GREW MAJOR PROGRAM AREAS AND CONTRACTS 

CONTRACTS 

1. S t a t u s  of Geothermal 
Reservoir  Engineering 

2. Xeasurements o f  I n t e r e s t  
t o  E x p l o i t a t i o n  Engineers 

3. A n a l y t i c a l  Tools 

A. 

A. 

B. 

C. 

D. 

E. 

A. 

B. 

C. 

Terra Tek* - review of t h e  l i t e r a t u r e  i n  geothermal r e s e r v o i r  
e x p l o i t a t i o n  engineer ing.  

Measurement Analysis  Corporation* - review of t h e  s t a t u s  of 
i n s t r u m e n t a t i o n  t o  make measurements of  i n t e r e s t  t o  r e s e r v o i r  
e n g i n e e r s ,  e.g. ,  temperature ,  mass flow rate,  e tc .  

UCIRiverside - use  of mineral  species as an i n d i c a t o r  of 
r e s e r v o i r  temperatures;  use of s t a b l e  i s o t o p e s  t o  determine 
temperatures  and t o t a l  f l u i d  f l u x  t h r o u g h o u t t t h e  r e s e r v o i r .  

Ba t te l le  Memorial I n s t i t u t e / P a c i f i c  Northwest Laboratory* - 
measurement of  w e l l  head e n t h a l p i e s  on a real-time b a s i s .  

Terra Tek* - measurement of  non-condensable gases ,  p a r t i c u l a r l y  
carbon d i o x i d e ,  i n  the flow stream on a real-time b a s i s .  

Stanford U n i v e r s i t y  - techniques f o r  measuring s a t u r a t i o n  and 
r e l a t i v e  pe rmeab i l i t y  and f o r  use of n a t u r a l  t r a c e r s  (radoh) 
i n  r e s e r v o i r  s t u d i e s ;  rock t o  f l u i d  h e a t  t t -ansfer ;  thermal  . 

stress cracking.  

Terra Tek* - a n a l y s i s  of near-bore’ formation damage as a conse- 
quence of  mud-type, and d r i l l i n g  and completion p r a c t i c e s ,  

Republic Geothermal Incorporated* - a n a l y s i s  of calcium ca rbona te  
p r e c i p i t a t i o n  i n  the  nea r  b o r e  drea due t o  i n a p p r o p r i a t e  p r e s s u r e  
drawdowns t h e r e .  

S t an fo rd  Un ive r s i ty  - development of p a r a l l e l p i p e d  models f o r  
use i n  w e l l  t e s t i n g  t o  o b t a i n  lumped r e s e r v o i r  p r o p e r t i e s ;  
d e c l i n e  curve a n a l y s i s ;  i n c o r p o r a t i o n  of high non-condensable 
gas con ten t  i n t o  a n a l y t i c a l  mathematical  models. 

* New c o n t r a c t  i n  FY 1978.  



Table 1 (continued) 

PROGRAM AREAS CONTRACTS 

3 .  Analytical Tools (cont'd) D. Intercomp" - development of analytical techniques for interpretation 
of wellhead temperature, pressure, and mass flow rate data when the 
reservoir is in part in two-phase flow. 

4 .  Forecasting Reservoir 
Performance 

A. Princeton University - codes for the simulation of mass and energy 
transport in fractured reservoirs. 

B. University of Colorado - analytical model for mass and energy trans- 
port in a half space characterized by a vertical conduit (i.e. fault). 

5 .  Synthesis of Data and A .  Systems, Science and Software - synthesis of data €or the Wairakei 
I Applications of Forecasting geothermal field. 
A and Analytical Tools 03 

B. Stanford University - synthesis and analysis of data from the 
Travale-Radicondoli field and the Bagnore field. 

C. Systems, Science and Software - analysis of production history 
of the Wairakei field. 

D. University of Colorado - application of analytical mQde1 to the 
East Mesa field. 

E. University of California at Riverside - synthesis of subsurface 
geology based on lithology logging at the Cerro Prieto field. 

* New contract in FY 1978. 

Q , 



TABLE 2 .  GREMP CONTRACTS - STATUS AND RESULTS 

CONTRACT AND STATUS AND RESULTS - SUBJECT AREA 

1. S t a t u s  of  Geothermal 
Reservoir  Engineering 

2 .  Measurements of  I n t e r e s t  t o  1 

E x p l o i t a t i o n  Engineers 

A. T e r r a  Tek - 
e The o b j e c t i v e s  of t h i s  c o n t r a c t  have been t o  develop an annotated 

b ib l iog raphy ,  n a r r q t i v e  review and thesau rus  of  geothermal r e se r -  
v o i r  - eng inee r ing  i n  a- broad sense.  
I t a l i a n  and Japanese has  been searched us ing  computer s e a r c h  
s e r v i c e s ,  a b s t r a c t s ,  and index  s e r v i c e s .  Topics i n c l u d e :  
a n a l y t i c a l  modeling, numerical  modeling, phys i ca l  modeling, 
formation e v a l u a t i o n  ( inc lud ing  w e l l  t e s t i n g  and case s t u d i e s ,  
b u t  not  w e l l  l ogg ing) ,  e x p l o i t a t i o n  s t r a t e g i e s  ( inc lud ing  pro- 
duct ion-disposal  s t r a t e g i e s ,  s t i m u l a t i o n ,  w e l l  s p a c i n g ) ,  and 
i n t e r p r e t a t i o n  of product ion -_  t r e n d s  ( i n c l u d i n g  i s o t o p e  a n a l y s i s ,  
h e a t  and mass f l u x  h i s t o r i e s ,  and t r a c e r  i n j e c t i o n  t echn iques ) .  

L i t e r a t u r e  i n  Engl ish,  Russian 

e There has  been a need t o  ga the r  t o g e t h e r  and s y n t h e s i z e  t h e  
l i t e r a t u r e  p e r t a i n i n g  t o  r e s e r v o i r  engineer ing i n  o r d e r  t o  
understand more c l e a r l y  where t h i s  ' technology and s c i e n c e  
now s t a n d s  and acco rd ing ly  t o  p l a n  more e f f e c t i v e l y  f o r  
suppor t  of r e s e a r c h  i n  t h e  f u t u r e .  

e The c o n t r a c t  has  e s s e n t i a l l y  been completed as of  December 1, 1978 
and a r e p o r t  ( t h e  second i n  t h e  G R E W  s e r i e s )  which inc ludes  
thesau rus ,  anno ta t ed  b i b l i o g r a p h i c  e n t r i e s ,  and s h o r t  n a r r a t i v e  
review has been prepared.  

A. Measurement Analysis Corporat ion - 

e The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  e v a l u a t e  measurement needs 
and e x i s t e n t  measurement methods f o r  geothermal r e s e r v o i r  r e l a t e d  
parameters, i nc lud ing  pe rmeab i l i t y ,  flow ra te ,  p a r t i c u l a t e  count ,  
c o n d u c t i v i t y ,  d e n s i t y ,  void f r a c t i o n ,  q u a l i t y ,  pH and o t h e r s .  

e There i s  a need t o  determine what measurements are sought and 
d e s i r e d  i n  t h e  geothermal resodrce e x p l o i t a t i o n  community and 
t o  e v a l u a t e  t h e  c u r r e n t  c a p a b i l i t y  t o  make those measurements 
r e l  i a b  1 y . 



Table 2 (cont inued)  

SUBJECT AREA CONTRACT AND STATUS ATD RESULTS 

2. Measurements of I n t e r e s t  t o  To d a t e  t h e  c o n t r a c t  h a s  r e p o r t e d  h igh  i n t e r e s t  i n  d e t e c t i o n  
E x p l o i t a t i o n  Engineers ( con t ' d )  and measukement of f r a c t u r e s  and i n  a non-fouling temperature  

probe. Mass flow measurement and enthalpy measurement a t  t h e  
wellhead appear t o  be  of lesser i n t e r e s t .  

B. UC/Riverside - 
An o b j e c t i v e  of  t he  program a t  UC/Riversi.de i s  t o  map ; inera1 
assemblages and o t h e r  i n d i c e s  of temperatures  i n  o r d e r  t o  
determine t h e  maximum temperatures  t o  which t h e  s t r a t a  i n  a 
geothermal reservoir have been s u b j e c t e d ,  

I 
N 
0 

C. 

Although supported o r i g i n a l l y  as a t o p i c  of b a s i c  r e s e a r c h ,  
t h i s  t a s k  of t h e  UC/R program has turned o u t  t o  have appre- 
c i a b l e  p r a c t i c a l  va lue  as a guide t o  d e c i s i o n s  r ega rd ing  
p rogres s  of d r i l l i n g  toward zones s u f f i c i e n t l y  h o t  t o  b e  
i n t e r e s t i n g  economically.  

U C / R  has  r e p o r t e d  i t s  r e s u l t s  i n  many p u b l i c a t i o n s  among t h e  
most r e c e n t  be ing  p u b l i c a t i o n  of UCRfIGPP 7818,  7819 and 78/10 
i n  t h e  proceedings o f  t h e  Hilo Geothermal Resources Council 
meeting i n  J u l y  19i78. 

Bat te l le  Memorial I n s t i t u t e / P a c i f i c  Northwest Labora to r i e s  - 
o The o b j e c t i v e  of t h i s  s tudy  i s  t o  e v a l u a t e  ca lo r ime t ry  systems 

t h a t  w i l l  permit  economical, r e l i a b l e  and a c c u r a t e  measurement 
of  en tha lpy  va lues  a t  t h e  geothermal wel lhead,  

The s a l e a b l e  product from a geothermal w e l l  is t h e  energy con- 
t a i n e d  i n  t h e  wellhead f l u i d .  
pas s ing  from t h e  well should t h e r e f o r e  be  known. Furthermore 
f o r  power p l a n t  design purposes i t  i s  important t h a t  enthalpy 
of t h e  wellhead product be  known as a func t ion  of t i m e .  

_. 

l 

o 
The energy con ten t  p e r  mass u n i t  

The p r o j e c t  began November 1, 1 9 7 8 ,  and Phase 1 i s  t o  conclude 
on March 30, 1979.  

http://UC/Riversi.de


Table 2 (cont inued)  

I 

Iu, 
I 

SUBJECT AREA CONTRACT AND STATUS AND RESULTS 

2 .  EIeasurements of  I n t e r e s t  t o  D. Terra Tek - 
E x p l o i t a t i o n  Engineers (cont 'd)  

0 The o b j e c t i v e  of  t h i s  p r o j e c t  is t o  develop a s imple  and con- 
ven ien t  ins t rument  t o  measure non-condensable gases  on a real- 
t i m e  b a s i s  i n  geothermal d ischarges .  

0 Informat ion  on t h e  non-condensable con ten t  i n  t h e  flow stream 
is  needed i n  o rde r  t o  e s t i m a t e  t h e  power p o t e n t i a l  of a w e l l  
and r e s e r v o i r  and also t o  design power s t a t i o n s .  

A d r a f t  f l n a l  r e p o r t  on t h e  ins t rument  des ign  has  been w r i t t e n .  
Cons t ruc t ion  of t h e  ins t rument  should beg in  fo l lowing  des ign  
approval .  Laboratory and f i e l d  t e s t i n g  are scheduled f o r  
completion by September 1979.  

e 

E. S tanford  Un ive r s i ty  - 
r 

0 Among t h e  many o b j e c t i v e s  of  t h i s  program i s  a p r o j e c t  t o  b e t t e r  
understand t h e  pe t rophys ic s  of rock/h igh  s a l i n i t y  f l u i d  systems 
inc luding:  

- techniques f o r  measuring l i q u i d  con ten t  i n  b r ine r s t eam 
systems us ing  a capac i t ance  pltobe. 

- e f f e c t  of  s a l i n i t y  on s u r f a c e  t ens ion  and r e l a t e d  phenomena. 

- e f f e c t  of temperature  on permeabi l i ty  and r e l a t i v e  pe rmeab i l i t y .  

0 A l s o ,  a p r o j e c t  t o  e v a l u a t e  t h e  u t i l i t y  of  radon i n  unders tanding  
geothermal r e s e r v o i r  behavior  and response dur ing  product ion .  

0 Also a p r o j e c t  t o  e v a l u a t e  h e a t  f l u x  from c o l l e c t i o n s  o f  rock  
fragments of va r ious  shapes and s i z e s  t o  geothermal f l u i d s .  

0 Also a p r o j e c t  t o  e v a l u a t e  thermal  stress cracking  i n  rocks  
of  known geometry. 

All t h e s e  p r o j e c t s  are necessary  i n  o r d e r  t o  understand the  
fundamental  behavior  of mass and energy d i s t r i b u t i o n  and 
t r a n s p o r t  i n  geothermal r e s e r v o i r s .  

0 



Table 2 (cont inued)  

SUBJECT AREA 

3.  A n a l y t i c a l  Tools  

I 
N 
Tu 
I 

CONTRACT AND STATUS AND RESULTS 

2 .  Measurements of  I n t e r e s t  t o  E. S tanford  u n i v e r s i t y  . (cont 'd )  - 
E x p l o i t a t i o n  Engineers ( con t ' d )  , 

e Stanfokd has  i s s u e d  annual  r e p o r t s  and t o p i c a l  r e p o r t s  on t h e i r  
f i n d i n g s  . 

A .  Ter ra  Tek - 
e The o b j e c t i v e  of t he  p r o j e c t  i s  t o  e v a l u a t e  t h e  consequences 

of  mud-type and d r i l l i n g  and completion p r a c t i c e s  on t h e  
development of a "baked" s k i n  around t h e  w e l l  bo re .  

e It has  been proposed t h a t  s e v e r a l  geothermal w e l l s  have been 
e s s e n t i a l l y  non-producing because of formation damage i n  t h e  
near-bore a r e a  as a consequence of s t anda rd  d r i l l i n g  and 
complet ion p r a c t i c e  a p p l i e d  t o  very  h igh  temperature  environments.  

e To d a t e  Terra Tek has acqui red  some c o r e  m a t e r i a l ,  has  begun 
eva lua t ion  of  ope ra t ing  p r a c t i c e s  and cho ices  f o r  mud, and 
has  begun concep tua l i za t ion  of  a l a b o r a t o r y  program t o  s i m u l a t e  
format ion  damage i n  o r d e r  t o  understand t h e  f a c t o r s  c o n t r o l l i n g  
i t .  

B. Republ ic  Geothermal Incorpora ted  - 
e The o b j e c t i v e  of t h i s  program is  t o  e m p i r i c a l l y  e v a l u a t e  t h e  

consequence of p re s su re  drop i n  t h e  nea r  bore  area on t h e  
P r e c i p i t a t i o n  of carbonate  minera ls  from calcium carbonate  
ca rbon ,d iox ide  r i c h  geothermal f l u i d s .  Such f l u i d s  are 
t o  be  f lu shed  through c o r e  by a p r e s s u r e  d i f f e r e n t i a l .  

e Carbonate p r e c i p i t a t i o n  is w e l l  known a s  a f o u l i n g  agent  i n  
geothermal w e l l s  and i s  suspec ted  t o  be  a cause  of impaired 
pe rmeab i l i t y  around w e l l  bo res .  

e The c o n t r a c t  i s  abbut t o  begin .  

Q Q 
, 



Table 2 (cont inued)  

SUBJECT AREA 

3 .  Analy t i ca l  Tools (cont 'd )  

CONTRACT AND STATUS AND RESULTS 

C. S tanford  Un ive r s i ty  - 
e Among t h e  many a c t i v i t i e s  underway a t  S tanford  is a p r o j e c t  t o  

develop a n a l y t i c a l  mathematical  models f o r  w e l l  response of 
w e l l s  d r i l l e d  i n t o  a p a r a l l e l p i p e d ,  t h e  shapes of  which can 
b e  s u i t a b l y  and quick ly  changed i n  o r d e r  t o  approximate t h e  
geometry of  a l l  o r  p a r t  of a r e s e r v o i r .  

e There i s  an  advantage t o  r e s e r v o i r  a n a l y s t s  t o  have a v a i l a b l e  
t o  them a s u i t e  of r a p i d l y  so lvab le  a n a l y t i c a l  mathematical  
s o l u t i o n s .  Review of p re s su re  s i g n a t u r e s  f o r  w e l l  tes ts  
w i t h  r e s p e c t  t o  va r ious  choices  of t h e s e  models can l e a d  
qu ick ly  t o  p e r s p e c t i v e  on t h e  i n t r i n s i c  parameters  and t h e  
p o s s i b l e  geometr ies  a r e s e r v o i r  may have. 

e Stanford  has used t h e s e  models t o  ana lyze  d a t a  from c e r t a i n  
I t a l i a n  f i e l d s .  

e Decline curve  a n a l y s i s  and treatment: of  non-condensables i n  
a n a l y t i c a l  mathematical  models have a l s o  been addressed i n  the 
program. 

D. Intercomp - 

I 
N 
w 

I 

e The o b j e c t i v e s  of t h i s  p r o j e c t  a r e  t o  develop an  understanding 
of w e l l  t e s t i n g  under s i t u a t i o n s  where t h e r e  is two-phase f low 
i n  t h e  r e s e r v o i r  and t o  exp la in ,  i f  such is p o s s i b l e ,  how a n a l y s i s  
based on s i n g l e  phase r e s e r v o i r  a n a l y s i s  need be  modified t o  
account  f o r  t h e  presence  of two phases i n  t h e  r e s e r v o i r .  

e The consequence of two-phases p re sen t  i n  t h e  r e s e r v o i r  need t o  
be  understood i n  o r d e r  t h a t  they can b e  proper ly  taken  i n t o  
account when e s t i m a t i n g  r e s e r v o i r  parameters .  

e The c o n t r a c t  s t a r t e d  a t  the  beginning of t h e  f i s c a l  yea r .  
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Table 2 (cont inued)  

CONTRACT AND STATUS AND RESULTS 

A.  P r i n c e t o n  U n i v e r s i t y  - 
e There are m u l t i p l e  o b j e c t i v e s  t o  t h i s  p r o j e c t ,  t h e  g e n e r a l  

o b j e c t i v e  of  which i s  t o  improve t h e  methodology f o r  geothermal 
r e s e r v o i r  s imula t ion .  P a r t i c u l a r  o b j e c t i v e s  i n c l u d e :  

- development of  non-isothermal three-dimensional ,  two-phase 
code f o r  h e a t  t r a n s p o r t  i n  f r a c t u r e d  geothermal r e s e r v o i r s .  

- i n v e s t i g a t e  ( u s i n g  f i n i t e  element techniques)  t h e  s o l u t i o n  
of  t r a n s i e n t  p a r t i a l  d i f f e r e n t i a l  equat ions  of  s p e c i a l  
importance t o  such a code, 

e There h a s  been a g r e a t  d e a l  of i n t e r e s t  i n  a c a p a b i l i t y  t o  
s i m u l a t e  and f o r e c a s t  geothermal r e s e r v o i r  performance, 
p a r t i c u l a r l y  f o r  f r a c t u r e d  r e s e r v o i r s .  

e P r i n c e t o n  h a s  made s i g n i f i c a n t  progress  i n  t h e  formula t ion  
of  t h e  t h e o r e t i c a l  basis f o r  t h e  code and h a s  developed 
c e r t a i n  important  codes and s u b r o u t i n e s  p a r t i c u l a r l y  t h o s e  
u s e f u l  i n  s o l v i n g  non-l inear  coupled PDE's. 

B. U n i v e r s i t y  of  Colorado - 

e The o b j e c t i v e  of t h i s  p r o j e c t  h a s  been t o  develop a s e m i -  
a n a l y t i c a l  model f o r  n a t u r a l l y  o c c u r r i n g  mass and energy 
t r a n s p o r t  i n  a h a l f  space i n  which t h e  system i s  charged 
a t  some depth  w i t h i n  an imbedded v e r t i c a l  condui t  ( i . e . ,  
f a u l t ) .  
C a l i f o r n i a .  

The model has been a p p l i e d  t o  t h e  East Mesa f i e l d ,  

e There h a s  been and cont inues  t o  b e  i n t e r e s t  i n  understanding 
pro to type  models of geothermal r e s e r v o i r s .  
developed one such model. 

The p r o j e c t  has 

0 The p r o j e c t  h a s  ended w i t h  p u b l i c a t i o n  of a f i n a l  r e p o r t .  
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Table 2 (continued) 

CONTRACT AND STATUS AYD RESULTS 

A. Systems, Scietlce and Software ('IS 3 ' I )  - 
a The o b j e c t i v e  of  t h i s  p r o j e c t  w a s  t o  compile a l l  p o s s i b l e  

r e s e r v o i r  r e l a t e d  d a t a  on t h e  Wairakei f i e l d ,  New Zealand. 

a I n t e r e s t  i n  case h i s t o r i e s  f o r  purposes of s h a r i n g  exper ience  
and as o p p o r t u n i t i e s  f o r  use  i n  h i s t o r y  matching w i t h  s i m u l a t o r s ,  
e tc .  h a s  always been e v i d e n t  i n  the development of  geothermal 
resources .  

. 

a This p r o j e c t  has  been completed,  and b o t h  a comprehensive r e p o r t  
and execut ive  summary r e p o r t  have been i s s u e d .  

B. S tanford  U n i v e r s i t y  - 
a Among t h e  o b j e c t i v e s  of t h e  S tanford  program are ac t iv i t ies  

t o  s y n t h e s i z e  c e r t a i n  d a t a  from t h e  L a r d e r e l l o  area, I t a l y .  
Stanford i n v e s t i g a t o r s  have, f o r  example, c o n s t r u c t e d  f o r  
d i f f e r e n t  t i m e s  i n  t h e  development o f  the f i e l d  i n  t h e  
L a r d e r e l l o  v i c i n i t y  , p r e s s u r e  maps o f  t h e  f i e l d s  and graphs 
of r e s e r v o i r  s t a t i c  p r e s s u r e s  vs masses produced. 

a Many people  i n t e r e s t e d  i n  vapor dominated r e s e r v o i r s  have a l s o  
expressed i n t e r e s t  i n  l e a r n i n g  from t h e  exper iences  i n  t h e  
I t a l i a n  f i e l d s .  

0 The p r o j e c t  has i s s u e d  q u a r t e r l y  r e p o r t s  as w e l l  as s p e c i f i c  
r e p o r t s  a t  the I t a l i a n / L a r d e r e l l o - l 9 7 7  and Stanford-1976 and 
1977 workshops. 

C. Systems, Science and Software ('IS 3 I t )  - 
a The o b j e c t i v e  of t h i s  p r o j e c t  of S3, which is a c o n t i n u a t i o n  of  

t h e i r  e a r l i e r  work on d a t a  compilat ion a t  Wairakei,  i s  t o  con- 
s t r u c t  a geologic  model of t h e  f i e l d  and t o  match product ion  
and subsidence h i s t o r y  i n  t h e  f i e l d  from 1953 t o  1976. 
a l s o  f o r e c a s t  f u t u r e  product ion  from the  f i e l d  under d i f f e r e n t  
assumptions f o r  t h e  imposed product ion rates. 

S3 w i l l  
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Table  2 (continued')  

CONTRACT AND STATUS AND RESULTS 

3 C. Systems, Sc ience  and Sof tware  ("S ") ( c o n t ' d )  - 
Because of i ts  e x c e p t i o n a l  d a t a  b a s e ,  Wairake i  o f f e r s  an  unusual  
o p p o r t u n i t y  f o r  r e s e r v o i r  s i m u l a t i o n .  

e This  p r o j e c t  w a s  i n i t i a t e d  i n  September 1978 and i s  to conclude  
i n  May 1979 .  

D. U n i v e r s i t y  of Colorado - 
The U n i v e r s i t y  of Colorado has  a p p l i e d  a n  a n a l y t i c a l  model 
( d e s c r i b e d  above) t o  t h e  East Mesa r e s e r v o i r  i n  o r d e r  t o  g a i n  
i n s i g h t  i n t o  t h e  n a t u r a l  phenomena t h a t  may have l e a d  t o  t h e  
occur rence  of  t h e  geothermal  r e s o u r c e  t h e r e .  

0 This  p r o j e c t  h a s  been  comple t ed . .  

E ,  U n i v e r s i t y  of C a l i f o r n i a  a t  R i v e r s i d e  - 
o An o b j e c t i v e  of t h e  UC/R program i s  t o  deve lop  a n  advanced 

model o f  t h e  s u b s u r f a c e  geology i n  t h e  Cerro P r i e t o  f i e l d ,  
n o t i n g  i n  p a r t i c u l a r  t h e  d i s t r i b u t i o n  of t empera tu re ,  p o r o s i t y  
and t empera tu re  r e l a t e d  m i n e r a l  assemblages .  

0 This  p r o j e c t  i s  a s i g n i f i c a n t  p a r t  of t h e  c o o p e r a t i v e  Mexican- 
U.S. p r o j e c t  t o  e l u c i d a t e  t h e  Cerro  P r i e t o  geothermal  r e s o u r c e .  

e UC/R c o n t i n u e s  t o  i s s u e  r e p o r t s  on a r e g u l a r  b a s i s .  
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C 3 P 3  CATECOW SUBJECT RFP~CONTRACTOR TYPE OF CONTRACT 

Xew Coatracts 

. Figure  1 

1 2 3 - .  

-'EL, GREKP PROJECTS AN) RFP SCXDULE FY '79180 

N 1979 FY 1980 

-. I. K e l l  T e s t i n g  A .  Dec l ine  curve a n a l y s i s  N 1979 RFP compe t i t i ve  (FP)+ + - . 
l'.m-?t..ase mass flow FY 1979 RFP Conpe t i t i ve  (FP) A 

A T r a c e r s  t o  f o l l o w  f low N 1979 RFP , Competit ive (FP) + - 
Trace element s t u d i e s  M 1978 REP Competit ive (FP) - 11. Caochenical- technical  

b 

111. P r o p e r t i e s  of  Materials P e r m e a b i l i t y l p o r o s i t y  
f r o n  c u t t i n g s  

# 

; Competit ive (FP) A N 1979 RFP 

+-  b 

+- - .  A 

+-  A 

I Y .  k z e r i c a l  Yodeling FY 1979 RFP Competit ive (FP) 

N V. S i t e - S p e c i f i t  S t u d i e s  FY 1979 RFP Competit ive (FP) 

V I .  Fundamental S t u d i e s  FY 1979 RFP ' Compefit ive (FP) 

I 

I 
v 

PIX. A n a l y t i c a l  Xodcling FY 1979 RFP Conpe ti:ive (FP) + ------------- 
TIXI. Sur face  Geophysics * N 1979 RFP ' Competit ive (Fp) 

XU. P h y s i c a l  h i e l i n g  

X. Econo=ics 

XI. E : q l o f t a t i o n  S t r a t e g y  

N 1979 RFP Conpeai t ive (FP) . .+--.---- 
Conpe t i t i ve  (FP) +-. A N 1979 REP 

N 1979 RFP Competit ive (Fp) 
. .  . 

Lenend 

- Proposed s t a r t  o f  p r o j e c t l t a s l .  
+ 

- 
C5I) an-ounce-mt o r  e x i s t i n g  q u a l i f i e d  c o n t r a c t o r s  list. 
hz i : i?a : sd  Za?OZi ,  p r o j e c t  d l e s t o n e ,  or t a d n a t i o n .  

+-• b 



THE SUBSIDENCE R&D MANAGEMENT PROGRAMS 

A major consequence of development of a geothermal  r e s e r v o i r  may b e  

subs idence  o c c u r r i n g  due t o  wi thdrawal  of  voluminous amourits of  f l u i d s .  Un- 

expec ted  and u n c o n t r o l l e d  subs idence  can  have d e t r i m e n t a l  s o c i a l ,  envi ron-  

men ta l ,  and economic impact .  I n  o r d e r  t o  b e t t e r  unders tand  subs idence ,  

i t s  c a u s e s  and e f f e c t s ,  Lawrence Berke ley  Labora to ry  i n i t i a t e d  t h e  

Geothermal Subs idence  Research Program (GSRP). 

The g o a l s  o f  t h e  GSRP a r e  t o  deve lop  methods f o r  a s s e s s i n g  n a t u r a l l y  

o c c u r r i n g  subs idence ,  f o r  i n f e r r i n g  a geothermal  r e s e r v o i r ' s  compaction 

p o t e n t i a l ,  and f o r  minimizing p o t e n t i a l  subs idence  e f f e c t s  d u r i n g  e x p l o i -  

t a t i o n  of a geothermal  r e s e r v o i r .  

t o  p rov ide  t h e  t o o l s  needed f o r  geothermal  d e v e l o p e r s  t o  measure subs idence  

and t o  p r e d i c t  subs idence  p o t e n t i a l  of a r e s e r v o i r ,  For r e g u l a t o r y  a g e n c i e s ,  

t h e  program i s  expec ted  t o  l e a d  t o  guidance  w i t h  which t o  recommend 

a p p r o p r i a t e  a c t i o n  t o  minimize impact  of subs idence .  

Attainment  of  t h e s e  g o a l s  i s  expec ted  

- 

The GSRP i s  o rgan ized  i n t o  f o u r  independent  e lements :  

1. Subs idence  C h a r a c t e r i z a t i o n  - Subs idence  c h a r a c t e r i z a t i o n  i s  
concerned w i t h  s t u d y i n g  examples of subs idence  and subs idence  
e f f e c t s .  Research has  been conducted t o  document cases o f  
known subs idence  i n  geographic  areas hav ing  g e o l o g i c a l  and 
p h y s i c a l  environments  r e p r e s e n t a t i v e  of  geothermal  a r e a s .  
Where d a t a  were a v a i l a b l e ,  i . e . ,  Wai rake i ,  New Zealand,  and . 
The Geysers ,  C a l i f o r n i a ,  case h i s t o r i e s  have been w r i t t e n .  
Assoc ia t ed  s t u d i e s  have a l s o  been conducted on t h e  economic 
and envi ronmenta l  impact  of subs idence .  These s t u d i e s  
i n d i c a t e d  t h a t  t h e r e  is  an  inadequacy  of  the l a t t e r  d a t a .  

2 .  Subs idence  Mensurat ion - Research h a s  developed g u i d e l i n e s  
f o r  s u r f a c e  mon i to r ing  su rveys  t o  e s t a b l i s h  background 
de fo rma t ion  ra tes  and moni tor  p o s s i b l e  deformat ion  
induced by geothermal  development.  Research t o  d a t e  h a s  
a l s o  a s s e s s e d  t h e  s t a t e - o f - t h e - a r t  of w e l l  b o r e  ex tenso-  
meters t o  d i r e c t l y  measure v e r t i c a l  d i s t a n c e s  between 
p o i n t s  i n  t h e  w e l l b o r e .  S e v e r a l  s u g g e s t i o n s  f o r  improved 
i n s t r u m e n t a t i o n  t h a t  have r e s u l t e d  from t h i s  r e s e a r c h  w i l l  
make s u b s t a n t i a l  c o n t r i b u t i o n s  toward c r e a t i n g  d i r e c t  
measurement i n s t r u m e n t a t i o n  f o r  u s e  i n  geothermal  w e l l s .  
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I n d i r e c t  measurement methods,  i . e . ,  g r a v i t y ,  r e s i s t i v i t y  
and mic rose i smic ,  have promise a s  i n e x p e n s i v e ,  areal  su rvey  
t echn iques .  Research w i l l  b e  conducted t o  e v a l u a t e  t h e  
a b i l i t y  o f  t h e s e  methods t o  d e t e c t  changes i n  t h e  p h y s i c a l  
p r o p e r t i e s  o f  a geothermal  r e s e r v o i r ,  and t o  relate t h e s e  
changes t o  r e s e r v o i r  compaction and subs idence .  

3 .  Subs idence  P r e d i c t i o n  - U l t i m a t e l y ,  t h e  a b i l i t y  t o  p r e d i c t  
subs idence  i s  dependent  upon an  unde r s t and ing  of t h e  r e sponse  
of g e o l o g i c  m a t e r i a l s  and sys tems t o  n a t u r a l  and man-made 
stress f i e l d s .  To g a i n  t h i s  unde r s t and ing ,  t h e  Geothermal 
Subs idence  Research Program h a s  i n i t i a t e d  r e s e a r c h  t o  s t u d y  
t h e  r e sponse  of  r e s e r v o i r  m a t e r i a l  t o  v a r i o u s  stress f i e l d  . 

changes.  

Other  r e s e a r c h  w i l l  assess v a r i o u s  subs idence  models ,  review 
t h e i r  r e l a t i v e  a n a l y t i c a l  merits, and,  i f  n e c e s s a r y ,  make 
recommendations f o r  new models. A r e l a t e d  p r o j e c t  w i l l  
deve lop  methods f o r  p h y s i c a l  modeling u s i n g  a c e n t r i f u g e .  
P r e d i c t i o n s  of  subs idence  made by numer ica l  modeling can 
t h u s  b e  e v a l u a t e d  by comparison w i t h  a c e n t r i f u g e  model. 

Out o f  t h e s e  e f f o r t s  may evo lve  b e t t e r  unde r s t and ing  of 
how geo log ic  m a t e r i a l s  and sys tems respond t o  stress 
f i e l d  changes,  and e n a b l e  e a r t h  s c i e n t i s t s  t o  more 
a c c u r a t e l y  p r e d i c t  subs idence  over  a g iven  r e s e r v o i r .  
A s t e p  toward g r e a t e r  p r e d i c t i v e  c a p a b i l i t y  i s  t h e  
assessment  of e x i s t i n g  t h e o r y  and i t s  a p p l i c a b i l i t y  t o  
geothermal  r e s e r v o i r s .  Most subs idence  t h e o r i e s  
were developed t o  d e s c r i b e  t h e  compaction of o i l  and 
g a s  r e s e r v o i r s  o r  o f  r e l a t i v e l y  sha l low unconso l ida t ed  
a q u i f e r s .  The a p p l i c a b i l i t y  of t h e s e  t h e o r i e s  t o  deep,  
thermodynamical ly  complex geothermal  systems needs t o  
b e  examined. 

4 .  Rese rvo i r  Opera t ing  P o l i c y  - The f i n a l  e lement  i n  t h e  GSRP 
is  t h e  development p o l i c i e s  t h a t  minimize e f f e c t s  of sub- 
s i d e n c e .  These p o l i c i e s  are  d e r i v e d  from t h e  r e s e a r c h  r e s u l t s  
of  t h e  p rev ious  t h r e e  e lements  and shou ld  p rov ide  r e g u l a t o r s  
w i t h :  

( a )  t h e  a b i l i t y  t o  d i s t i n g u i s h  n a t u r a l l y  o c c u r r i n g  sub- 
s i d e n c e  from t h a t  p o s s i b l y  caused by geothermal  ' 

o p e r a t i o n s ,  and 

(b) t h e  b a s i s  t o  o p e r a t e  o r  c o n t r o l  a geothermal  f i e l d  such  
t h a t  a d v e r s e  subs idence  e f f e c t s  a re  minimized o r  avoided .  
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ACCOMPLISHMENTS 

Case H i s t o r i e s  

Most documented subs idence  h a s  been due t o  e x t r a c t i o n  of hydrocarbons 

o r  ground water. 

geothermal  f l u i d s .  

l i t t l e  o r  no subs idence .  

envi ronments ,  t h e  stress h i s t o r y ,  and t h e  r e sponse  o r  l a c k  of r e sponse  a t  

l and  s u r f a c e ,  h a s  proved u s e f u l  i n  making comparisons t o  s imilar  p o t e n t i a l  

geothermal  sys tems.  

Useful  a n a l o g i e s  may b e  drawn f o r  t h e  p roduc t ion  o f  

I n  some c a s e s ,  deep e x t r a c t i o n  of  f l u i d s  has  produced 

A case h i s t o r y  of t h e  g e o l o g i c  and p h y s i c a l  

Four case h i s t o r i e s  w e r e  completed by Systems Con t ro l ,  I n c .  i n  t h e  

f o l l o w i n g  areas: Wairake i ,  New Zealand;  Chocola te  Bayou, Texas: Geysers, 

C a l i f o r n i a ;  and R a f t  River, Idaho.  The f o u r  subs idence  s i tes  w e r e  

selected on t h e  b a s i s  o f :  (1) p h y s i c a l  r e l e v a n c e  o f . s u b s i d e n c e  a r e a s  t o  . 
h i g h  p r i o r i t y  U.S. geothermal  s i tes  i n  t e r m s  of  withdrawn g e o f l u i d  t y p e ,  

r e s e r v o i r  d e p t h ,  r e s e r v o i r  geology and rock  c h a r a c t e r i s t i c s ,  and over-  

burden c h a r a c t e r i s t i c s ,  and ( 2 )  d a t a  comple t eness ,  q u a l i t y ,  and 

a v a i l a b i l i t y  . 

A review of  p o t e n t i a l  geothermal  s i tes  w a s  made i n  o r d e r  t o  de t e rmine  

t h e  p h y s i c a l  r e l e v a n c e  ( i . e . ,  a n a l o g i e s )  o f  a r e a s  w i t h  p a s t  subs idence  t o  

t h e  p o t e n t i a l  geothermal  sites. These case his tor ies  may s e r v e  as models 

f o r  d e v e l o p e r s  and /o r  r e g u l a t o r s  i n  a s s e s s i n g  comparable  a r e a s .  

S u r f a c e  Moni tor ing  - Guide l ines  Manual 

The fundamental  o b j e c t i v e  of a mon i to r ing  program i s  t o  q u a n t i f y  

t h e  magnitude and d i r e c t i o n  of  s u r f a c e  movements t h a t  may occur  i n  a 

geothermal  r e s e r v o i r  a r e a  i m m e d i a t e l y  p r i o r  t o ,  d u r i n g ,  and immediately 

f o l l o w i n g  t h e  removal of geothermal  f l u i d s .  
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A geothermal  development program must i n c l u d e  mon i to r ing  o f  h o r i z o n t a l  
cr3 

and ver t ica l  d i sp lacemen t s  a t  t h e  s u r f a c e  and a t  dep th  b e f o r e  and d u r i n g  

p roduc t ion .  It should  b e  p o s s i b l e  t o  d i f f e r e n t i a t e  between subs idence  

caused by geothermal  o p e r a t i o n s  and t h a t  caused by o t h e r  man-induced 

a c t i v i t i e s ,  o r  t h o s e  o c c u r r i n g  n a t u r a l l y .  

Thus, g u i d e l i n e s  need t o  b e  developed t o  o b t a i n  d a t a  d i r e c t l y  r e l a t e d  

on ly  t o  geothermal  f l u i d  p roduc t ion .  These g u i d e l i n e s  shou ld  c o n s i d e r  t h e  

geo log ic  s t r u c t u r e ,  s t r a t i g r a p h y ,  and s e i s m i c i t y  o f  t h e  a r e a ,  a s  w e l l  as 

t h e  e x i s t i n g  and proposed ground water, gas ,  and o i l  developments .  The 

g u i d e l i n e s  shou ld  a l s o  c o n s i d e r ,  i f  a v a i l a b l e ,  any known ground deforma- 

t i o n  c h a r a c t e r i s t i c s  of t h e  r e g i o n  and any man-induced de fo rma t ions  of  

nea rby  f l u i d  producing  f i e l d s .  

Woodward Clyde Consu l t an t s  have  produced a manual t h a t  reviews v a r i o u s  

s u r f a c e  mon i to r ing  methods and compares t h e i r  i n s t a l l a t i o n ,  u t i l i z a t i o n ,  

and accu racy .  

r e g u l a t o r s  t o  de t e rmine  t h e  n a t u r a l  ra te  of subs idence .  I n  a d d i t $ o n ,  

such  a manual can b e  used t o  a s c e r t a i n  induced subs idence  d u r i n g  develop-  

ment and p r o d u c t i o n  of a geothermal  f i e l d .  

U t i l i z a t i o n  of  t h e s e  methods shou ld  e n a b l e  p l a n n e r s  and 

Direct Measurements of  Changes i n  V e r t i c a l  D i s t a n c e s  i n  a Wellbore 

Woodward Clyde Consu l t an t s  have recommended h o s t i l e  environment 

component t e s t i n g  f o r  t h e  f o l l o w i n g  f o u r  t o o l s :  1) i n d u c t i o n  c o i l  

w i t h  s l i p  c o l l a r  w e l l  c a s i n g s ,  2 )  r e e d  s w i t c h e s  w i t h  magnets emplaced 

i n  s l i p  c o l l a r s ,  3)  e l e c t r o m a g n e t i c  o s c i l l a t o r s  w i t h  magnets emplaced 

i n  s l i p  c o l l a r s ,  and 4 )  r a d i o a c t i v e  l o g g i n g  w i t h  t racers  emplaced i n  

e i t h e r  s l i p  c o l l a r s  o r  d i r e c t l y  i n t o  t h e  fo rma t ion .  

The s t u d y  reviewed i n s t r u m e n t s  a v a i l a b l e  f o r  mon i to r ing  s u b s u r f a c e  

d i sp lacemen t s ,  b o t h  v e r t i c a l  and h o r i z o n t a l .  

f o r  improving e x i s t i n g  o r  deve lop ing  new i n s t r u m e n t s  were e v a l u a t e d .  

Elements o f  s e n s o r  and s i g n a l  tecl inology w i t h  p o t e n t i a l  f o r  h igh  

t empera tu re  mon i to r ing  of subs idence  were i d e n t i f i e d .  

Techniques and m a t e r i a l s  
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Environmental  and Economic E f f e c t s  

A c o n t r a c t  w i t h  EDAW/Earth Sc ience  A s s o c i a t e s  r e s u l t e d  i n  assessment  

o f  d a t a  available from areas t h a t  have expe r i enced  geothermal  and non- 

geothermal  subs idence .  

most comprehensive d a t a  base .  Areas s t u d i e d  inc luded  d e s e r t  b a s i n s  i n  

c e n t r a l  and sou the rn  Arizona;  Baldwin H i l l s  and Inglewood, C a l i f o r n i a ;  

Galves ton ,  Texas; Las Vegas Va l l ey ,  Nevada; Mexico C i t y ,  Mexico; San 

Joaqu in  Va l l ey ,  C a l i f o r n i a ;  San ta  Clara V a l l e y ,  C a l i f o r n i a ;  Wairake i ,  

New Zealand;  and Wilmington-Long Beach, C a l i f o r n i a .  

A d e t a i l e d  a p p r a i s a l  w a s  made of  areas w i t h  t h e  

F i n a l  r e p o r t s  from a l l  t h e s e  c o n t r a c t s  w i l l  b e  a v a i l a b l e  as p a r t  

o f  a n  LBL subs idence  r e p o r t  series. 

I n  FY 1978 and e a r l y  i n  FY 1979 seven  c o n t r a c t s  were l e t .  Four of 

t h e s e  are n e a r  comple t ion  w h i l e  t h r e e  o t h e r s  are c o n t i n u i n g  i n t o  EY 1979. 

These c o n t r a c t s  are summarized i n  F i g u r e  2.  - 

Programs scheduled  f o r  FY 1979 are summarized i n  F igu re  3 .  

During t h e  Subs idence  Workshop h e l d  a t  Asi lomar,  October ,  1978,  

recommendations f o r  t h e  r e v i s i o n  o f  t h e  Subs idence  Management P lan  were 

made. F igu re  4 i l l u s t r a t e s  a s u g g e s t e d  r e v i s i o n  f o r  t h e  p l a n .  

The Geothermal Subsidence Research Program is d i r e c t l y  r e s p o n s i v e  

t o  t h e  DOE/DGE goa l  of "power-on-line." 

development can b e  reduced by u t i l i z a t i o n  of t echn iques  and t o o l s  developed 

through t h e  GSRP. O p e r a t i o n a l  methodology developed by t h e  program can 

p r o v i d e  guidance  t o  r e g u l a t o r s  and d e v e l o p e r s  t o  p r e v e n t  o r  minimize 

subs idence .  

The subs idence  r i s k  of geothermal  

The f i r s t  Subsidence Newsletter is schedu led  t o  be  i s s u e d  on February 1, 

1979. It w i l l  b e  s e n t  t o  a l l  who r e q u e s t  i t  and t o  t h o s e  who c u r r e n t l y  

receive t h e  GREMP Newsletter. 
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Figure 2 

STATUS OF CURRENT SUBSIDENCE CONTRACTS 

STARTING 
DATE 

MODE OF (ESTIMATED 
PROCUREMENT OR ACTUAL) 

TERMINATION 
DATE 

(ESTIMATED 
OR ACTUAL) TITLE CONTRACTOR 

Systems Control 

TYPE 

FP Case Histories 
(Category 1) 

Competitive 1017177 101 311 78 

Guidelines Manual 
(Category 2) 

Woodward-Clyde FP Competitive 11/18/77 101 311 78 

State-of-the-Art 
Assessment 

E (Category 3) 
I 

Environmental and 
Economic Effects 
(Category 4 )  

Woodward-Cly de FP Competitive 8/29/77 101 311 78 

EDAW - Earth 
Sciences 

FP Competitive 9/20/ 77 10/31/78 

CPFF 

CPNF 

CPFF 

Competitive 9/30/79 

9/30/79 

121 311 79 

Subsidence Models 
(Category 8) 

Golder Associates 6/19/78 

Physical Processes 
(Category 5) 

Colorado School 
of Mines 

Competitive 9/15/78 

Physical Processes 
(Category 5) 

Terra Tek, Inc. Competitive 11/5/78 

FF' - Fixed Price 
CPFF - Cost Plus Fixed Fee 
CPKF - Cost Plus No Fee 



I .  

F i g u r e  3 

A 

GROUP 

1 

1 

2 

2 

2 

PLANNED SUBSIDENCE PROJECTS FOR FY 1979 

SUBJECT 

Case H i s t o r i e s  

Risk Ana lys i s  

A. H o s t i l e  Environment 

B. R a d i o a c t i v e  B u l l e t s  

I n d i r e c t  Methods 

P h y s i c a l  Methods 

Creep Phenomena 

RFP DUE 

-- 

Jan. 

Dec/Jan 

Dec/Jan 

Dec/Feb 

Feb . 

A p r i l  

TYPE OF CONTRACT 
ANTICIPATED 

FFP 

FFP 

FFP 

CPFF 

FFP/CPFF 

FFP 

CPFF 

FFP - Firm Fixed P r i c e  
CPFF - Cost P l u s  Fixed Fee 
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"DiZIVERS" ' 1. S p e c i f i c  S i t e s  2. S i t e  S p e c i f i c  
f o r  CeoLhcrmal end Dcvelopment - Subsidence Problems -- 
S c b s i d m c e  Schedules  

I 
ul 
A Rcsearch 

Figure 4 

DEVELOEIIS and 
REGL.!LTOX 

f I . 
3 .  Technology Dzvelopnent 4 .  Value to In- 
and A p p l i c a t i o n  d u s t r y  and . 

Re gu L at o r s 

1 

DOE GOAL 

DOE S t r a t e g y  

r 
To d e s c r i b e ,  p r e d i c t ,  c o n t r o l  
o r  n i t i g a t e  p o t e n t i a l  Subsidence 
associated w i t h  g c o t h e m s l  
d eve 1 o pmc 11 t w I t 11 i n  p red i c  t a b  1 e 
1 i : n i  t s 

F€XUTR ON LLNZ IN 1985 

"Assist P r i v a t e  Industry"--PL 93.410 

- 

"Encourage ... t e c h n o l o g i e s  t o  t h e  
p o i n t  of c o m e r c i a l  a p p l i c a t i o n "  

To p rov ide  r. I 229.5 
f o r  p o l i c y  n a k z r s  
t o  rcgulz te  geo- 
them31 f a c i l i t % c s  
w i t h  r e s p e c t  t o  
p o t e n t i a l  sub- 
s i d e n c e  

Case H i s t c r i e s  

Enviroixnental and 
Economic E f f e c t s  

.'' 

S ub s i d  cnc e. F b  d e  1 s 

Physical .  P rocesses  
of Subs idencc 

The  o b j e c t i v e  of 
LCL's  GSP2 w i t h i n  
t he  l ~ l r g 2 r  
DGE CcaL 

To provide  m a s  
f o r  developers 
t o  b u i l d  and 
o p e r a t e  geo- 
t h c m a l  f a c i l i t i e s  
w i t h i n  accept ab 1 e 
levels of sub- 

LBL's GSBP would 
significantly 

Proposed groupings  
o f  r e s e a r c h  p r o j e c t s  
w i t h i n  GSRP 

D i r  ec t Noni  t o r i n g  

Inciirec t Tcchniques 
t o  E s t i m a t e  Depth 
C o q a c  t i o n  

F i e l d  (in s i t u )  
Xc 2s urcmen t s  
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