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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. 
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Berkeley, C a l i f o r n i a  94720 

ABSTRACT 

I n  t h e  f a l l  o f  1977, t h e  U. S. Department of 
Energy (WE) ,  Div is ion  of  Geothermal Energy (mS) 
proposed t h a t  Lawrence Berkeley Laboratory (LBL) 
assume l ead  r e s p o n s i b i l i t y ,  on DGE's b e h a l f ,  f o r  
geothermal reservoir engineer ing .  
cusses  b r i e f l y  t h e  DOE/DGE-sponsored geothermal re- 
servoir engineer ing  r e sea rch  program which inc ludes  
LBL in-house r e sea rch  and r e sea rch  &ne by others 
through LBL. 
improvement of  w e l l  t e s t  a n a l y s i s  methods and t h e  
development of  geothermal reservoir performance sim- 
u l a t o r s .  Work by o t h e r s  has  inc luded  18 s e p a r a t e  
c o n t r a c t s  on a v a r i e t y  of t e c h n i c a l  and s c i e n t i f i c  
projects. Al toge ther ,  29 d i s t i n g u i s h a b l e  r e sea rch  
t o p i c s  have been addressed. Fourteen i n s t i t u t i o n s ,  
i nc lud ing  e i g h t  p r i v a t e  companies, have i n t e r a c t e d  
wi th  the program. Table  1, a long  w i t h  f i g u r e s  2 
and 3 summarizes the status o f  t h e  work. 

Th i s  sununary d i s -  

LBL in-house r e sea rch  has  emphasized 

INTIIDDUCTION 

The purpose o f  t h i s  paper  is to review t h e  pro- 
gram o f  geothermal reservoir engineer ing  r e l a t e d  re- 
sea rch  t h a t  has been suppor ted  by t h e  U. s. Depart- 
ment of  Energy, Div is ion  of  Geothemal Energy, 
through Lawrence Berkeley Laboratory. Administra- 
t i v e l y ,  t h e  program c o n s i s t s  of  two p a r t s :  (1) Work 
done a t  LBL, (2) work con t r ac t ed  f o r  by LBL and done 
by a v a r i e t y  of  o rgan iza t ions  other than  LBL. The 
primary r e s p o n s i b i l i t y  ass igned  t o  LBL was (1) to 
de f ine  and r e so lve  t e c h n i c a l  and s c i e n t i f i c  problems 
r e l a t e d  to  success fu l  e x p l o i t a t i o n  of  geothermal re- 
servoirs. I n  a d d i t i o n ,  i m p l i c i t  i n  t h e  assignment 
was t h e  d e s i r e  t h a t  t h e  program (2) h e l p  promote t h e  
es tab l i shment  of  an industry-wide geothermal reser- 
voir engineer ing  community and ( 3 )  h e l p  assure t h e  
educa t ion  o f  personnel who would s t a f f  t h i s  comuni-  
t y  i n  t h e  fu tu re .  The document, LBL-7000 (Lawrence 
Berkeley Laboratory,  1978) exp la ins  d e t a i l s  o f  t h e  
process  t h a t  lead t o  t h e  broad o u t l i n e  f o r  r e sea rch  
shown i n  Figure 1. Th i s  o u t l i n e  addresses  a l l  con- 
ce ivab le  a c t i v i t i e s  t h a t  r e l a t e  t o  success fu l  ex- 
p l o i t a t i o n  of  a geothermal resource  and goes beyond 
r e s e r v o i r  engineer ing  i n  a r e s t r i c t e d  sense .  Those 
a c t i v i t i e s  i n  t h e  t o p  t h i r d  of  t h e  f i g u r e  (e.g. ,  
w e l l  logging) p e r t a i n  to  t h e  a c q u i s i t i o n ,  s y n t h e s i s ,  

, and i n t e r p r e t a t i o n  o f  in format ion  r e l a t e d  t o  a work- 
i n g  d e s c r i p t i o n  o f  t h e  reservoir, i n  p a r t i c u l a r  to  

estimates o f  its size ,  and to  a d e s c r i p t i o n  o f  t h e  
d i s t r i b u t i o n  o f  tempera ture ,  p o r o s i t y ,  p r e s s u r e ,  and 
pe rmeab i l i t y  wi th in  it. Those a c t i v i t i e s  i n  t h e  
Eemral t h i r d  of t h e  f i g u r e  p e r t a i n  t o  t h e  develop- 
ment of the c a p a b i l i t y  to reproduce and f o r e c a s t  re- 
servoir performance. The t w o  a c t i v i t i e s  i n  t h e  
b o t t o m  t h i r d  o f  t h e  diagram, namely economics and 
e x p l o i t a t i o n  s t r a t e g i e s ,  must be f ac to red  i n t o  good 
p lanning  f o r  success fu l  e x p l o i t a t i o n  o f  a geother -  
mal reservoir, which is the ultimate goa l  o f  t h e  
e f f o r t .  

OT YII I4.U 

X B L  796-2000 
Fig. 1 Broad o u t l i n e  o f  geothenIIa1 reservoir 

eng inee r ing  r e l a t e d  r e sea rch  a c t i v i t i e s .  

The program has been executed i n  a way cons i s -  
t e n t  w i t h  t h e  p r i o r i t i e s  l a i d  down by t h e  i n d u s t r y  
adv i so ry  group which helped d r a f t  t h e  p l ann ing  doc- 
ument. The p r i o r i t i e s  a s s igned  are shown by numer- 
a l s  i n  t h e  box f o r  t h e  a c t i v i t y  (Fig.  1). 
mentation of t h e  program as o r i g i n a l l y  d e f i n e d  (LBL- 
7000) has  been c a r r i e d  o u t  mainly by LBL. 
t h e  Un ive r s i ty  o f  Utah Research I n s t i t u t e  h a s  had 
t h e  l e a d  role for re sea rch  on su r face  geophys ics ,  
and Los A l m s  S c i e n t i f i c  Laboratory has  had the 
l e a d  role f o r  w e l l  logging .  

Imple- 

However, 



Howard and Schwarz 

WORK ON TECHNICAL AND SCIENTIFIC PRDJECIS -TED 
TQ SOCCESSFUL EXPLOITATION OF RESERVOISG 

Although Fig.  1 provides  a broad view of t h e  
various re sea rch  areas cons idered  when the program 
began, F igs .  2 and 3 are more u s e f u l  i n  exp la in ing  
t h e  many p r o j e c t s  t h a t  have been considered. Fur- 
thermore, t h e s e  f i g u r e s  can  be r e l a t e d  to  Table  l, 
wherein c e r t a i n  d e t a i l s  on t h e  work are given .  
p r o j e c t s  can be grouped as fo l lows:  

A. 
other informat ion  r e l a t e d  t o  geothermal reservoir 
engineer ing:  Items 1, 10 ,  11, 12 ,  14 ,  105, 106  
(Table 1). For example, i t e m  12  is a sumnary of 
a l l  a v a i l a b l e  d a t a  on t h e  Wairakei, New Zealand, 
geothermal f i e l d .  

8 .  The es t ab l i shmen to f  techniques  o f  measurements 
o f  interest t o  geothermal reservoir engineers :  
Items 3, 4 (Table 1). For example, i t e m  4 concerns 
measurements a t  t h e  wellhead o f  noncondensibles i n  
the flov-stream. 

C. 
f i n e  the c h a r a c t e r i s t i c s  of a geothermal reservoir: 
Items 2, 6, 15, 16, 17, 18, 101, 104 (Table 1). 
Por example, i t e m  2 is  concerned with eva lua t ing  
the theoretical b a s i s  of  t h e  James method. 

The 

The s y n t h e s i s  of  a v a i l a b l e  sets o f  d a t a  and 

The a n a l y s i s  o f  measurements i n  o r d e r  to  de- 

.. 
I 

D. The gene ra t ion  o f  new data important t o  geo- 
thermal reservoir engineer ing  practice: Items 5 . 7 .  
8 ,  9, 21, 22, 23 ( T a b l e  1). For example, i t e m  7 is 
concerned wi th  procedures to m i t i g a t e  mud damage. 

E. The es t ab l i shmen t ,  improvement, or a p p l i c a t i o n  
of simulators t h a t  d e s c r i b e  and f o r e c a s t  geothermal 
reservvir performance: I t e m s  13 ,  2 0 ,  102, 103 
(Table 1). I t e m  103 i s  t h e  LBL-developed s imula tor  
.SHAFT 78," that  models h e a t  and f l u i d  t r a n s p o r t  i n  
porous media. 

It is s u b j e c t i v e  and also d i f f i c u l t  to measure 
the va lue  o f  t h e  o v e r a l l  program i n  terms o f  pro- 
jects under way or completed s i n c e  t h e  beginning of  
the program. However, t h e  fo l lowing  should be 
noted : 

1. A l l  i d e n t i f i e d  major concerns have been ad- 
dressed  by q u a l i f i e d  groups whose abilities to work 
on t h e  p r o j e c t  has been favorably  reviewed by selec- 
t i o n  committees made up mainly o f  non-LBL personnel .  

2. A s t eady  stream o f  p u b l i c a t i o n s ,  i nc lud ing  both 
volumes i n  t h e  GREMP (Geothermal Reservoir Engineer- 
ing  Management Program) s e r i e s  and i n  t h e  q u a r t e r l y  
N e w s l e t t e r  from GREMP, has been e s t a b l i s h e d .  

CREATION OF AN INDUSTRY-WIDE GEOTHERMAL 
RESERVOIR ENGINEERING C O M M U N I T Y  AND THE 

EDUCATION OF PERSONNEL 

Support provided by USWE/DGE f o r  r e sea rch  has 
had a p o s i t i v e  e f f e c t  on c r e a t i n g  a geothermal re -  
servoir engineer ing  community and on t h e  educa t ion  
o f  personnel.  This  conclus ion  i s  supported by sev- 
eral l i n e s  of  reasoning. Fo r ty  o rgan iza t ions  have 
su tmi t t ed  proposa ls  t o  t h e  program, and 14 have 
been supported.  Cont rac tor  o rgan iza t ions ,  inc lud-  

; i n g  LBL, have p a r t i c i p a t e d  a c t i v e l y  i n  p r o f e s s i o n a l  
4 s o c i e t y  amet ings  (e.g., Pruess e t  a l .  1978) .  

A l toge the r ,  mre than  t w o  dozen s t u d e n t s  have 
been recognized to be part o f  t h e  program through 
r e fe rence  t o  them i n  c o n t r a c t s .  Also, i n  p a r t i c u -  
lar ,  S tanford  Univers i ty  has r e p r t e d  employment of  
e i g h t  s t u d e n t s  by geothermal companies subsequent  
o f  t h e i r  g raduat ion;  they  c o n s t i t u t e  a h i g h l y  s i g -  
n i f i c a n t  group t o  t h e  f u t u r e  of geothermal r e source  
development. 

CONCLUDING SmlARKs 

Our  ovn judgment o f  t h e  program is that it is  
p rogres s ing  w e l l .  H o w e v e r ,  two a s p e c t s  t h a t  need 
=re a t t e n t i o n  a r e  as follows: 

1. Re la t ing  t h e  r e s u l t s  o f  r e sea rch  t o  i d e n t i f i e d  
t e c h n i c a l  problems a t  s p e c i f i c  geothermal sites. 
As an example, it would be use fu l  t o  know from in -  
d u s t r y  how critical are concerns ove r  mud damage a t  
their s p e c i f i c  development si tes,  how impor t an t  a r e  
r ead ings  on wellhead en tha lpy ,  and so on. Coopera- 
t i o n  from i n d u s t r y  i n  provid ing  such feedback is  
v i  tal .  

9 Status of reservoir related measurement 

I!! h?fn%i'ih @Re/ufive perme~bi/i/y sfudies 
scdeprevenfion @ vapor pressure lowering 

@ Absolute permeability 
XBL 796 -2001 - -  . - -  

Pig. 2 S u m n a r y  diagram o f  w e l l  system and 
near-bore re sea rch  p r o j e c t s .  

2. Economics. Although conceived as an a r e a  of 
work I n  t h e  o r i g i n a l  program plan ,  no e f f o r t  has  
been put  on t h i s  t o p i c  i n  keeping with t h e  recom- 
mendation of t h e  advisory  group t o  G R E W .  I t  i s  
very d i f f i c u l t ,  t h e r e f o r e ,  t o  p lace  o the r  r e s e a r c h  
i n  an  economic framework and judge i t s  importance 
wi th  r e spec t  t o  t h e  c r u c i a l  ques t ions  of economics 
and geothermal r e source  development. 
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Multi-well, multi-rate well testing 

ltolian steam fields 
0 Italian fields 
@ Wairakei field description 
@ Wairakei field simulation 

@ Decline curve ano/uses 

Simulation of  fractured reservoirs; 
studies of algorithms for geothermal 
reservoir simulators 

@I "Shaff 78" 
Pig.  3 Suumary diagram of  mainly f i e l d r i d e  r e s e a r c h  projects. XBL 795-7435 

Future  work of t h e  program should emphasize 
the a p p l i c a t i o n  of r e sea rch  and heavier  suppor t  t o  
problems of major economic consequence. 
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Tabla  I .  W r y  of C a o t h a n a l  b a a n o l r  En#Inaar ln l  projacta a u p p o r t d  by USDOE/DOE r h r a q h  L a n m c a  Curkelai L b o r a t o r i .  

1. Statua of r a e a n o t r  
ra1at.d msanure- 
m t .  , 

M*aaurmen t 
An.Iy.1. 
corp. 

A cmpr.h.nalva appralaal of w a a u r r e n t  naeda and 
I n s t r u m e n t a t l m  f o r  'aoth.na1 a p p l l c a t l m a  ham bman 
c a p l e t c d .  I n d t c a t l n l  t h a t  c p . r r e l a l l y  a v a t l a b l ~  
t s c h n o l q p  and In.trumentatlm ailmta 
f o r  mll wellhead and process p l a n t  mmamuramt re- 
gulremcnt.. * w e p t  two-ph... l l w  (lamarm. 1979). 

I h l a  p r o j e c t  hae  J u t  bean started. Ita p u r p m e  
1. t o  undcrmtand the  t h c o r s t l c a l  ba.1. of Jane. 
emplr1r.l acthod f a r  e . t b . t l n ~  mame f l w  and cn- 
t lml  py (Chens, 1919). 

Sewera1 ca lar lmct ry  methodm f o r  meaaurtn0 g e o t h a n a l  
wellhead cnthalplcm were evalua ted .  A 0 1 i l n ~  tee 
condenser wn. reconmended when c a o l t n g  uater 1s ava11- 
a b l e .  When not. a u l t l p h a a m  tank uaa rsc-ended. 
Work haa s t a r t e d  on anglnccrlni drawlnna of mamplln# 
aymtm and alxlnp. tee cmdcnmer (C11ff et  * I . .  1919). 

Ln8tnrcrlng dealgn  of a d w l c s  wl th  t h e  c a p a b l l l t y  t o  
mmltor  nmcmdcnmlble  gam c m c e n t r a t l o n a  c m t l n u o u a l y  
In gsoth.m.1 dlach.rgca ham been c a p l c t e d  (H.rrtam 
e t  . I . .  1979). 

Scala I n h l b l t o r  t e a t a  performed a t  l l rpubl le  Caother- 
ul Inc. E . m t  Mea. vellm have mhmm t h a t  Daqueat can 
e c m m t c a l l y  c l i a l n a t e  c a l c t t c  p r ~ c t p t t a t t m  In t h a  
dlmchargc f l w  8trC.m (Vettcr.  1919). 

Compar1.m 01 I n t e r c m p ' a  propr let r ry  Beothemal  wall 
bote  mnd r.sewoIr ~ L r u h t o r s  v l t h  the  e x p c r i a a n t a l  
and nuner lca l  remltm Irma chi.= o t h e r  model. has 
been cmp1ot .d .  Data m two-phaae well t e s t a  are 
c u r r e n t l y  belng aascmblcd f o r  mnalymlm (Aydelo t te  and 
Tay lor .  1919). 

Laboratory -Imul.tlon of d r l l l l n 8  u d  daoa8s t o  1.0- 
thermal r e a e w o t r  rocks ha. been tn l t tmted .  Para- 
metera t o  be c m n l d s r e d  are p r c a m r s .  t m p e r a t u r a ,  
r c a c w o t r  f l u l d  chemtstry.  u d  c m p o . l t I o n .  and tIma 
( l u t t e r a .  1919). 

I e l e t l v a  p e r a e a b l l l t y  dmt. have bean c o l l r c t e d  by 
Coun.11 (1918). 

C a r b m a t e  r t c h  geoth*mal  brln. l a  baIn8 passed 
th rorgh  conta lnera  01 8ranul.r matsrlale la o r d a r  t o  
w a l u a t e  the  mcchmlmm and rate of c a l c l t a  p r e c l p l t a -  
t l m  wlth ln  t h a  pore apace. 
purpose of t h e  a c t t v l t y  1- t o  plan remcdtal  "acld 
job." m r a l c l t e - t a r l a d  8eothera.l wells 
Wtchacla .  1919). 

An annota ted  b l b l l q r a p h y  covar lng  reaervolr d a l -  
Inn. e x p l o l t a t t m  mtrstaglcs. and 1ntarpret . t lm of 
product lon  t r e n d s  haa been prepared (H.rr1.m and 
lrndall. 1919). 

C*alo&y and preamur.-producttm h t s t o r y  of S.rrassano 
r e e ~ w o 1 r  have been rev1.r.d. lottosholm tempera- 
t u r e ~  and prcaeure- have been c a l c u h r e d  I r a  w a l l -  
head meaaurmmts.  Areal d l a t r l b u t l m  of prsaeure 
ham been u p p e d  f o r  mevm d l f l a r a n t  tlnea spannlnl 
t h e  l amt  IS yearm- A cmc.ptual model of T r a v a l l  
l r d l c o n d o l l  gaothsm.1 f l c l d  m a  developed m t h e  
b a a l a  of t h e  ava t lab l .  l h l d  data  (Miller et a l . .  
1910). 

All geological. g a o c h a l c a l .  geophystc.1. and w d l -  
bore  d a t a  f r m  January. I953 t o  December I916 has  
been c o l l e c t e d  and aynthss lxcd  ( P r l t c h e t t  er  a1.. 
1978). 

Wlth t h e  d a m  c o l l e c t e d  and s,nthenlrad ( I 1 2  a b w a ) .  
an a t t m p t  1s under way t o  u t c h  t h e  pressur.  and 
w ~ t h a l p y  h lmtor i  dur lng  past praduellon of t h e  Waraka1 
f l c l d  ( P r l t c h c t t  e t  . I . ,  1979). 

lha u l t h a t a  p r a c t t c a l  

14. Prototypa of a 
fmult-ch.r#ad 
[ a o t h a r u l  
remenol. 4 

15. ~ V I N  of d a c l l n a  
curve. approprlata 
t o  peotherm.1 
res.wo1ra 

1. 2.1. and 
AmaOC1.t.. 

2. Ihaormtlcal bamlm 
for Jams. method 

Uotvara I t y  
of Hawall 

16. Ww analytical 
w e l l  t e a t  method. 
lot  gaothermal 
en(1ne.r 108 

17. S t u d l s ~  of mlnaral 
f o c l c s  and a t a b l a  
1motop.m and th - l r  

thermal r a a s n o l r a  
rel.tlm. to '.P 

18. UnderatatldtnE t h e  
a lpnl f  l canca  of 
r a d m  I n  i e o t h e r u l  
r.aa-oIrm 

re. Scudlea of the U.. 
of t r e c e r a  In 
E.othem.1 r.a.nolra 

Otaoford 
Un1V.r. I t y  3. Maaaurr9ant 01 

antha lpy  a t  
wel1he.d 

Cuttlnga and corm aamplem, obta lnad  frm tha .In 
mlla  d r 1 l l . d  durln8 t h a  year 1917 war. mtulld 
and I n t m p r e t d  t o  d r f t n e  t h a  c u r r a t  t r p a r a t u r r  
in th. f l e l d  (Eldare a t  .I . .  1918). 

I h a  v a r t a t t m  of rad- a a a o c l a t d  4 t h  [aotharul 
r a a a w o l r  p r o d u c t l m  ham b e m  alulysad and L t a r -  
prated for  aovaral raaanolrm t h r w g h a r t  t b a  
wor ld  (Cru8.r a t  d.. 1978). 

- 

lh Ivara  Icy 
of C a l l l o r o l a .  
11vara lda  

TarraTak 

8 t a n f o r 4  
l h 1 v a r a t t y  

Vet  ter  
1 a s a a r c h  

Intmrccmp 

20.  

21. 

21. 

21. 

101. 

102. 

103. 

104. 

105. 

106. 

Study of b a a l c  
lorm"l.tlm of 
mhulatora  of 
a e o t h e r u l  
remervolra 

Mul t lphaae  f lw  equatlmm b n a  bean 4erlv.d f a  
a deformabla porara medllu.  Cquat lma fa b u t  
and m a n  t r a n a f r r  Io a frmctured raamrvolr haw 
.Lao bean foru la ted .  
(Block I n t e r a c t l v a  I l n l t a  Ela.ot ?rocaaaed k h r )  
h a s  barn  developd t o  aalr. m m l l n a a r  t r a o a l m t  pro- 
b l c u  w l t h  ma or N o  #w*rnIn@ mquat lma lo m 01 
t h r a a  d L e n m I m a .  (Plnder a t  a l . .  1978). 

Ikat f l w  frm rock t o  water ham b e m  atud1.d am 
f u n c t l o n  of a n u d e r  of parametars Inc ludln#  t h a  aIna 
of rock fragments (Kru8.r et el.. 1979). 

The p r o j e c t  d - m a t r a t d  t h a t  vapor praaaura u y  L. 
lwered aa a cmaequcnca of a N b e r  of c h a l c a l  a d  
p a t r o p h y s l c a l  par.m.t.ra W I I l a r  e t  a l a .  1919). 

The d f m c t a  of t rp . rature  a d  c h a l c a l  c ~ m t t l m  
of tha  rock t y p a  m r a l a t l v a  p m a a b l l l q  h a  b n o  
l n v e m t l ~ a t e d  Wl1l .r .  et * I . .  1910) 

Ana1,aIa of 1r.ctur.d w e l l  reaponaa d u r l l y  t m m t b q  
u.In8 nra.rlc.1 modela has  berm ~ t u d l d .  b a u l t a  
compare favormbly v l t h  anmlyt lca l  aolutlma 
(Nar.mlnhan and Palen. 1919). 
A coda aLmrlatln& t r a n a l e o t  tvo-phaaa flw L bora# 
ha# been rrlttsn and compared a s a h a t  1ImIt.d f l a l d  
data (C. Y. U I l l e r ,  1979). 

A coda t o  a b u l a t e  u s .  and h.at t r a n s p o r t  ln porma 
madla h a s  bean n l t t e n  and a p p l l d  t o  h y p o t h a t l c a l  
and r e a l  ....plea ( P r w a e  e t  a1.. 1979). 

t h e  ANALYZE coda has b.en proran capabla  of thb 
klnd  of ana lya tn  04cLdwarda. 19791. 

SUPT 18 l a  b e t n l  uaad t o  reproduce paat porformnnca 
and f o r e c a a t  relnject loa of l t g u l d  ( S c h r o d a r  a t  al:. 
1919). 

A vary comprahmatva cmaa atudy a t  Carrn Prlato I# 
b a t n l  c a r r l r d  wt coopera t lve l ,  wl th  t h a  Maxleao 
1ov.rruenr ( L I p p u n n  e t  . I . .  1978). 

A c o l p u t a r  coda ll?Em 

1. ? o r u c t o n  d r e i a  
of dr l l l lw u d  

Studiaa of h a a t  
trmnater f rm rock 
to f l u l d  

Vapor prasmura 
l a a r l n p  p h a -  
man. of p o t h e r u l  
I l u l d a  

Abmolu t e  pan*.- 
b l l l q  01 ; an tharmd 
f lu id .  

Wmartcal aoalymb 
of r.11 tmata of 
f r a c t u r e d  reaer- 
".tlon. 

Iranalant n o - p h a a  
flw In i a o t h e r u l  
bore. 

C . o t h e r u l  reaar- 
va l r  . h l a L a  
S W T  1 0  

Mult1pl. w a l l .  
r a r t a b l a  rat. well 
temt anmlymls 

Study of Smrrassano 

thermal area. Italy 

Study ut t h e  C e r r o  
Prtsto  .re.. U e I t C O  

C..tcl""av" @eo- 

Stanford  
Unlreralty 

l e p u b l l c  
C.oth.rul 
Inc. 8 t m l  ord 

h l v a r a l t y  

LBL 

IO. L l t e r a t u r a  
r w l m  of r...r- 
v o l r  a x p l o l t a t l m  

(1. Study of tha  
Irav.11 b d t c m -  
d o l l  [ a o t h e r u l  
ar.u l a  I t a l y  

TarraTmk 

4 
U L  

S t a n f o r d  
h l v a r a  Icy 

U L  

LBL 

U L  nyatm.. 
0cIanca  and 
Sol N a r a  

S y a t r . .  
0cIanca a d  
Sol tw.r. 

IdL 

1 projert completed. 
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