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FOREWORD 

ERDA s u p p o r t s  r e s e a r c h  i n  t h e  geosc iences  i n  o r d e r  t o  provide  a sound unde r l ay  of  
fundamental  knowledge i n  t h o s e  a r e a s  of t h e  e a r t h ,  a tmosphe r i c  and s o l a r  s c i e n c e s  which 
r e l a t e  t o  ERDA's  many mis s ions .  T h i s  r e s e a r c h  may be conducted i n  t h e  major  ERDA 
l a b o r a t o r i e s ,  i n d u s t r y ,  u n i v e r s i t i e s ,  and o t h e r  government a g e n c i e s .  Such suppor t  
p rov ides  f o r  payment of  s a l a r i e s ,  purchase  of equipment and o t h e r  m a t e r i a l s ,  a n  a l low-  
ance  f o r  overhead c o s t s ,  and i s  fo rma l i zed  by a c o n t r a c t  between ERDA and t h e  
o r g a n i z a t i o n  performing t h e  work. 

The summaries i n  t h i s  document d e s c r i b e  t h e  work performed d u r i n g  1975 and i n c l u d e  t h e  
scope  of  t h e  work t o  be  performed i n  1976. The D i v i s i o n  of P h y s i c a l  Research ,  th rough 
i t s  Geosc iences  Program, s u p p o r t s  r e s e a r c h  i n  geology,  p e t r o l o g y ,  geophys ic s ,  geo- 
chemis t ry ,  hydro logy ,  b a s i c  meteoro logy ,  s o l a r - t e r r e s t r i a l  r e l a t i o n s h i p s ,  aeronomy, 
p h y s i c a l  oceanography,  se i smology,  and n a t u r a l  r e s o u r c e  a n a l y s i s  i n c l u d i n g  t h e  v a r i o u s  
s u b d i v i s i o n s  and i n t e r d i s c i p l i n a r y  r e l a t i o n s h i p s ,  a s  w e l l  a s  t h e i r  r e l a t i o n s h i p s ,  a s  
w e l l  a s  t h e i r  r e l a t i o n s h i p  t o  ERDA's t e c h n o l o g i c a l  needs.  
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C o n t r a c t o r :  

Con t rac t :  

T i t l e :  

Person  i n  Charge: 

Scope of  Work 

ARGONNE NATIONAL LABORATORY 
Argonne, I l l i n o i s  60439 

09 ENG 38 

Geosc iences  Program 

F. A .  Cafasso  

A .  Thermochemistry of  Geotherma 1 - r e l a  t e d  Mater ia  1s (Cafasso/O'Hare)  

The p o t e n t i a l  of f l u o r i n e  bomb c a l o r i m e t r y  f o r  measuring s t a n d a r d  e n t h a l p i e s  
of  fo rma t ion  (AH:) of  m i n e r a l s  of  geochemical  i n t e r e s t  was demonst ra ted  by o u r  
measurements of  AH? o f  a - q u a r t z  and o f  MoS2. 
r e s u l t e d  i n  a n  unequivoca l  v a l u e  f o r  t h e  AH: o f  t h i s  key datum i n  many geothermal  
c y c l e s ;  f o r  MoS2 i t  i s  u n l i k e l y  t h a t  any method o t h e r  t han  F l u o r i n e  Bomb Ca lo r ime t ry  
cou ld  have been used t o  o b t a i n  a r e l i a b l e  v a l u e  of  i t s  AH?. We p lan  t o  con t inue  
t o  u s e  t h i s  method t o  s t u d y  o t h e r  s u l f i d e - b a s e d  m i n e r a l s  of geothermal  i n t e r e s t ,  
e s p e c i a l l y  As2S3 and ASS. 

For  a - q u a r t z ,  t h e  measurements 

B .  Working F l u i d s  f o r  Bottoming Cycles  (Cafasso /Blander )  

Geothermal h e a t  s o u r c e s ,  e s p e c i a l l y  t h o s e  which a r e  no t  s t eam-gene ra t ing  and 
t h o s e  which a r e  t o o  c o r r o s i v e  f o r  t u r b i n e  u s e ,  t e n d  t o  be r e l a t i v e l y  l o w  t empera tu re ,  
l a r g e - s c a l e  h e a t  s o u r c e s .  The d i r e c t  use  o f  t h e s e  h e a t  s o u r c e s  pu t s  a premium on 
h i g h e r  e f f i c i e n c i e s  of  power g e n e r a t i o n  i n  a t empera tu re  regime which would 
o r d i n a r i l y  be c l a s s i f i e d  a s  "bottoming cyc le" .  I n  t h i s  regime (below 3OO0C), wa te r  
i s  n o t  t h e  i d e a l  h e a t  t r a n s f e r  f l u i d ,  nor  i s  s team t h e  i d e a l  t u r b i n e  gas .  

T h i s  p r o j e c t  i n v o l v e s  r e s e a r c h  t o  f i n d  m a t e r i a l s  t h a t  w i l l  a c t  a s  s u i t a b l e  
h e a t  t r a n s f e r  a g e n t s  i n  bot toming c y c l e s  f o r  low t empera tu re  h e a t  s o u r c e s .  
M a t e r i a l s  a r e  be ing  s e l e c t e d  from t h e  broad  c a t e g o r y  of p e r f l u o r i n a t e d  a l k y l  amines 
and o t h e r s  based  upon ( a )  known vapor  p r e s s u r e ,  d e n s i t y  and h e a t  of  v a p o r i z a t i o n  
d a t a ,  (b )  known use a s  ex t r eme ly  s t a b l e ,  non-co r ros ive  h e a t  t r a n s f e r  f l u i d s  i n  
e l e c t r i c a l  t r a n s f o r m e r s ,  and (c) known t r i a l  r e s u l t s  on sma l l  Rankine c y c l e  
t u r b i n e s  f o r  au tomot ive  use .  The m a t e r i a l s  s e l e c t e d  a r e  t o  be sc reened  w i t h  
r e g a r d  t o  p r o p e r t i e s  such  a s  s t a b i l i t y  and c o r r o s i v e n e s s ,  and P-V-T-H-S thermo- 
dynamic d a t a  w i l l  be  o b t a i n e d  f o r  t h e  most promising c a n d i d a t e s .  
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C o n t r a c t o r :  

C o n t r a c t :  

' T i t l e :  

Person  i n  Charge: 

Scope of Work 

BAT TELLE MEMORIAL INST I T  UTE 
P a c i f i c  Northwest L a b o r a t o r i e s  
R ich land ,  Washington 99352 

AT(45-1)- 1830 

Development and Opera t ion  of ERDA I n s o l a t i o n -  
Aeronomy Observa tory  

R.  A .  Stokes  

The i n s o l a t i o n  and aeronomy'programs a t  B a t t e l l e  Obse rva to ry  a r e  des igned  t o  make 
h i g h - r e s o l u t i o n  s t u d i e s  of  t h e  s o l a r  f l u x  ( i n s o l a t i o n )  and n i g h t t i m e  upper  a tmosphere 
o p t i c a l  ( a u r o r a l )  emis s ions .  The o r i e n t a t i o n  of t h e  i n s o l a t i o n  s t u d i e s  is d i r e c t e d  
t o  t h e  development of i n s t r u m e n t a t i o n  capab le  of p rov id ing  m u l t i s p e c t r a l  d a t a  on t h e  
tempora l  and s p a t i a l  d i s t r i b u t i o n s  of  bo th  d i r e c t  and d i f f u s e  s o l a r  r a d i a t i o n .  The 
d a t a  a c q u i r e d  i n  t h i s  program w i l l  have d i r e c t  a p p l i c a b i l i t y  t o  s p e c i f i c  s i t e  s t u d i e s  
a s  w e l l  a s  forming a b a s i s  se t  f o r  i n c o r p o r a t i o n  i n t o  s t u d i e s  of a e r o s o l  and c loud  
cover  m o d i f i c a t i o n  of i n s o l a t i o n .  

S ince  bo th  t h e  i n s o l a t i o n  s t u d i e s  and t h e  a u r o r a l  emis s ions  s t u d i e s  s h a r e  a common 
i n s t r u m e n t ,  and t o  a c e r t a i n  e x t e n t  d a t a  hand l ing  t e c h n i q u e s ,  much of t h e  development  
has  proceeded i n  p a r a l l e l .  The aeronomy program has  c o n c e n t r a t e d  upon s t u d i e s  of 
o p t i c a l  e m i s s i o n  p a t t e r n s  i n  t h e  m i d - l a t i t u d e  r e g i o n .  The a l t i t u d e ,  s p e c t r a l  energy 
c o n t e n t ,  and s p a t i a l  and tempora l  d i s t r i b u t i o n s  of  t h e  emis s ions  a r e  d e r i v e d  from t h e  
d a t a  and a r e  used t o  de t e rmine  t h e  e n e r g i e s  of t h e  p r e c i p i t a t i n g  p a r t i c l e s  and bu lk  
mot ion  of magnetospher ic  plasma i n  t h e  sou rce  r eg ion .  The shape  and mot ions  of  t h e  
e m i t t i n g  r e g i o n s  provide  i n f o r m a t i o n  on t h e  dynamic behav io r  of  t h e  e a r t h ' s  magneto- 
s p h e r e  and upper a tmosphere d u r i n g  both  d i s t u r b e d  and q u i e t  geomagnet ic  c o n d i t i o n s .  
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Ba t t e  1 l e  -Northwest 

A .  I n s o l a t i o n  S t u d i e s  (E. W .  K leckne r ,  J .  J. Michalsky)  

1. A n a l y s i s  (J. J. Michalsky,  E .  W. K leckne r )  

Insolat ionfAeronomy 

Work i s  beg inn ing  on s e v e r a l  t h e o r e t i c a l  a s p e c t s  of  a e r o s o l  s c a t t e r i n g  
of t h e  s o l a r  f l u x .  A new a d d i t i o n  t o  ou r  s t a f f  (JJM), w i t h  a s t r o n g  i n t e r e s t  
i n  p l a n e t a r y  a tmosphe res ,  h a s  enab led  u s  t o  pu r sue  t h i s  a r e a  i n  more d e p t h .  
Of fundamental  i n t e r e s t  i s  t h e  problem of  more p r e c i s e l y  d e f i n i n g  t h e  t y p e ,  
q u a n t i t y ,  and s i z e  d i s t r i b u t i o n  of a tmosphe r i c  a e r o s o l s  g i v e n  m u l t i s p e c t r a l  
d a t a  on t h e  i n t e n s i t y  of  t h e  s o l a r  f l u x .  S ince  a e r o s o l  p a r t i c l e s  posses s  a 
complex index  of r e f r a c t i o n ,  p o l a r i z a t i o n  measurements a r e  needed i n  a d d i t i o n  
t o  t h e  i n t e n s i t y  i n  o r d e r  t o  comple t e ly  c h a r a c t e r i z e  t h e  a e r o s o l  s c a t t e r i n g  
p r o p e r t i e s .  We i n t e n d  t o  e v a l u a t e  v a r i o u s  e x i s t i n g  models i n  o r d e r  t o  pro-  
v i d e  a r a t i o n a l  b a s i s  f o r  o b t a i n i n g  t h e  maximum u t i l i t y  from t h e  d a t a  
g a t h e r e d  by t h e  e x p e r i m e n t a l  i n s t r u m e n t s  d e s c r i b e d  below. 

2 .  Experiment (E. W .  K leckne r )  

The p r i n c i p a l  g o a l  of t h e  work i n  t h i s  a r e a  i s  t h e  e x p e r i m e n t a l  measure- 
ment of a number of  p r o p e r t i e s  of  t h e  t e r r e s t r i a l  s o l a r  r a d i a t i o n  f l u x .  To 
t h i s  end,  we a r e  deve lop ing  a Mobile Automatic Scanning Photometer ;  i t  is  a 
d u a l  purpose i n s t r u m e n t  which makes bo th  dayt ime and n i g h t t i m e  o b s e r v a t i o n s .  

The i n s t r u m e n t  measures i n s o l a t i o n  i n  seven  s p e c t r a l  bands from 427.8 nm 
t o  940.0 nm. The f i e l d  of view of t h e  photometer i s  3O and t h e  b a s i c  mode of  
o p e r a t i o n  i s  t h a t  of s cann ing  t h e  sky i n  a ser ies  of  a lmucan ta r s .  I n  a d d i -  
t i o n ,  t h e  i n s t r u m e n t  measures t h e  d i r e c t  beam of  t h e  sun a t  15-minute ' i n t e r -  
v a l s .  The b a s i c  d a t a ,  t h e r e f o r e ,  c o n s i s t s  of  bo th  d i r e c t  and d i f f u s e  compo- 
n e n t s  of i n s o l a t i o n  which can  be s y n t h e s i z e d  t o  y i e l d  t h e  sum t o t a l  f a l l i n g  
on a s u r f a c e  of  a r b i t r a r y  o r i e n t a t i o n .  The d e t e c t i o n  mode w i l l  a l l o w  a 
b a s i c  s t a b i l i t y  i n  t h e  measurement of 52% and t h e  i n s t r u m e n t  module i s  
p o r t a b l e  and s u i t a b l e  f o r  remote s i t i n g .  

B .  Aeronomy (L.  L .  Smith,  E .  W .  K leckne r )  

1. A n a l y s i s  

The concept  t h a t  t h e  p a t t e r n  and spectrum compos i t ion  of  t h e  upper 
a tmosphe r i c  o p t i c a l  emis s ions  can  be used t o  mon i to r  t h e  s t r u c t u r a l ,  f e a t u r e s  
and dynamic p r o c e s s e s  of t h e  magnetosphere i s  e x t r e m e l y  u s e f u l .  The w e a l t h  
of  a u r o r a l  phenomena which have o p t i c a l  e m i s s i o n s  and occur  i n  t h e  mid- 
l a t i t u d e  r e g i o n  i s  n o t a b l e .  The prominent f e a t u r e s  a r e  t h e  S t a b l e  A u r o r a l  
Red a r c s  (SAR-arc), t h e  Hydrogen a r c s  (H-a rc ) ,  and t h e  D i f f u s e  Aurora (DIF).  

2 .  Obse rva t ions  

a .  B a t t e l l e  Obse rva to ry  

Beginning i n  September 1967, a l l - s k y  pho tomet r i c  o b s e r v a t i o n s  of 
t h e  e m i s s i o n s  [OI] 55778, [OI] 6300A, N2+ 42788, and H@ 4861, and c o n t i -  
n u u m  5350, 6080, and 7150A have been t a k e n  r o u t i n e l y  on a l l o c l o u d l e s s ,  
moonless n i g h t s  from t h e  B a t t e l l e  Obse rva to ry  ( l a t i t u d e  46.4 N ,  

4 



Bat t e  1 l e  - Nor t hwe s t I n s o l a  tion/Aeronomy 

l o n g i t u d e  119.6'W), R ich land ,  Washington. 
c o n s i s t s  of  s cann ing  t h e  n i g h t  sky  i n  a se r ies  of a lmucan ta r s  a t  
e l e v a t i o n s  l o o ,  15O, 20°, 30°, and 50'. S ince  t h e  photometr ic  f i e l d  
of  view i s  approx ima te ly  S o ,  t h e s e  s c a n s  a d e q u a t e l y  cove r  t h e  e n t i r e  
c i r c l e  of view.  

The obse rv ing  t echn ique  

b .  Global  Program 

Because most o f  t h e  d e t a i l e d  i n v e s t i g a t i o n s  have been done a t  s i n g l e  
s t a t i o n s ,  t h e  unde r s t and ing  of  t h e  emis s ion  p a t t e r n s  t ends  t o  be r e g i o n a l .  
The s y n t h e s i s  t h a t  might  be provided  by s imul t aneous  g l o b a l  o b s e r v a t i o n s  
i s  l a c k i n g .  

What i s  needed i s  a s e t  of  s i m p l e ,  r e l i a b l e ,  i d e n t i c a l  o p t i c a l  
i n s t r u m e n t s  d i s p e r s e d  ove r  t h e  g lobe .  B a t t e l l e  has  deve loped  such a n  
i n s t r u m e n t  c a l l e d  t h e  Mobile  Automatic  Scanning Photometer  (MASP), The 
same a l l - s k y  scann ing  t echn ique  p r e s e n t l y  used a t  t h e  B a t t e l l e  Obse rva to ry  
i s  implemented on t h e  MASP. 

The f i r s t  c h a i n  of  MASP u n i t s  w i l l  be i n s t a l l e d  a c r o s s  t h e  United 
S t a t e s  between geographic  l a t i t u d e s  40-50' N .  T h i s  r e s u l t a n t  l o n g i t u d e  
c h a i n  w i l l  p rov ide  impor tan t  "g loba l"  coverage  o f  t h e  plasmapause which 
i s  t h e  boundary r e g i o n  between t h e  "hot plasma" of  t h e  magnetosphere 
under  d i r e c t  i n f l u e n c e  of t h e  s o l a r  wind and t h e  "cold plasma" of t h e  
plasmasphere which i s  locked t o  and c o r o t a t e s  w i t h  t h e  e a r t h .  The f i r s t  
MASP u n i t  of t h i s  c h a i n  has  been i n s t a l l e d  on t h e  McColly r anch  n e a r  
H insda le ,  Montana (geographic  l a t i t u d e  48.6O N and l o n g i t u d e  107.10 W ) .  
Obse rva t ions  from t h i s  i n s t a l l a t i o n  coupled  w i t h  t h e  B a t t e l l e  Observa tory  
o b s e r v a t i o n s  g i v e  con t inuous  coverage  f o r  400-km h e i g h t  emis s ions  from 
l o n g i t u d e s  92' t o  134O W .  

3. A s s o c i a t i o n s  

a .  I S I S - I 1  S a t e l l i t e  

S imul taneous  o b s e r v a t i o n s  by a s a t e l l i t e  and a ground-based o b s e r v a t o r y  
a r e  advantageous  f o r  bo th  obse rv ing  p l a t f o r m s .  The ground-based obse rva -  
t o r y  has  t h e  problem of  s c a t t e r i n g  and e x t i n c t i o n  due t o  t h e  e a r t h ' s  
a tmosphere and a r e l a t i v e  s m a l l  c i r c l e  of  coverage  f o r  t h e  100-300 km 
h e i g h t  emis s ions .  The s a t e l l i t e  expe r imen te r s  have t h e  problems of 
c a l i b r a t i o n ,  and a lbedo  and tempora l  coverage  f o r  any  g i v e n  geograph ic  
r e g i o n .  The major  problems of  one p l a t f o r m  appea r  t o  be t h e  l e a s t  
problems i n  t h e  o t h e r .  

b .  AE-D S a t e l l i t e  

The A E - D  s a t e l l i t e  was put  i n  o r b i t  d u r i n g  t h e  summer of 1975. One of  
t h e  exper iments  is  a photometer  and w e  a r e  working w i t h  t h e  p r i n c i p a l  
expe r imen te r  ( D r .  Marsha T o r r )  i n  comparing ou r  ground-based o b s e r v a t i o n s  
w i t h  t h e  A E - D  photometr ic  o b s e r v a t i o n s  i n  methods s i m i l a r  t o  ou r  I S I S - I 1  
c o l l a b o r a t i o n .  
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Ba t t e  I le-Nor thwes t 

C .  

Insolat ion/Aeronomy 

I n t e r n a t i o n a l  Magnetospheric  Study (IMS) 

The IMS is  a n  a t t e m p t  t o  c o o r d i n a t e  on a n  i n t e r n a t i o n a l  b a s i s  a l l  
expe r imen t s  t h a t  a r e  impor t an t  t o  magnetospheric  r e s e a r c h .  We a r e  
members of t h i s  program which s t a r t s  i n  J u l y  1976 and r u n s  th rough  t h e  
n e x t  s o l a r  c y c l e  maximum p r e d i c t e d  t o  be ove r  by t h e  end of 1978. Data 
pools  a r e  b e i n g  o r g a n i z e d  and s a t e l l i t e  and ground-based expe r imen t s  a r e  
be ing  c o o r d i n a t e d .  

d .  J o i n t  Programs 

Those which a r e  now i n  p r o g r e s s  bu t  n o t  i nc luded  i n  t h e  programs t h u s  
f a r  d e s c r i b e d  i n v o l v e  t h e  U n i v e r s i t y  of  Washington (Dr. K. C .  C l a r k ) ,  
C e n t r a l  Washington S t a t e  Co l l ege  (Dr. R.  Benne t t ) ,  and t h e  LaTrobe 
U n i v e r s i t y  i n  A u s t r a l i a  (Dr. K. D. Co le ) .  These c o l l a b o r a t i o n s  i n c l u d e  
g r a d u a t e  s t u d e n t s  a s  w e l l  a s  f a c u l t y .  
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T i t l e :  Geosc iences  Program 

Person  i n  Charge: Paul  A .  Witherspoon 

Scope of Work 

The Geoscience Program a t  t h e  Lawrence Berke ley  Labora tory  c o n s i s t s  of  f o u r  
p r o j e c t s ,  t h r e e  of  which s u p p o r t  t h e  ERDA e f f o r t  i n  deve lop ing  geothermal  ene rgy ,  They 
i n c l u d e  two p r o j e c t s  cove r ing  i n v e s t i g a t i o n s  i n  r e s e r v o i r  dynamics,  rock  f l u i d  sys tem 
p r o p e r t i e s ,  b r i n e  chemis t ry  and t h e  chemis t ry  of magmatic m a t e r i a l s ,  rock-water  i n t e r -  
a c t i o n s ,  and h o t  s p r i n g s ,  and a p r o j e c t  devoted  t o  t h e  c o l l e c t i o n  and d i s s e m i n a t i o n  
of geothermal  in fo rma t ion .  The f o u r t h  p r o j e c t  aims a t  measuring v a r i a t i o n s  i n  s e i s m i c  
wave v e l o c i t y  a s  a f u n c t i o n  of r o c k  stress. Work done under  t h i s  p r o j e c t  cou ld  have 
a p p l i c a t i o n  i n  ea r thquake  p r e d i c t i o n .  

A .  Geosc iences  R e l a t i n g  t o  Geothermal Energy (P. A .  Witherspoon)  

1. R e s e r v o i r  Dynamics (P. A .  Witherspoon,  V .  E .  Schrock)  

The purpose  of t h i s  p r o j e c t  i s  t o  p rov ide  t h e o r e t i c a l  s u p p o r t  f o r  i n v e s t i g a -  
t i o n s  of geothermal  sys tems.  O b j e c t i v e s  i n c l u d e  t h e  e s t i m a t i o n  of t h e  u s e f u l  
l i f e  of  a geothermal  r e s e r v o i r ,  t h e  d e t e r m i n a t i o n  of t h e  optimum r a t e  of  ene rgy  
removal and t h e  optimum d i s t r i b u t i o n  of p roduc t ion  and r e i n j e c t i o n  p o i n t s  w i t h i n  
t h e  r e s e r v o i r  boundar i e s .  The envi ronmenta l  e f f e c t s  of  geothermal  e x p l o i t a t i o n  
such  a s  l and  subs idence  due t o  f l u i d  wi thdrawal  w i l l  a l s o  r e c e i v e  a t t e n t i o n .  

These o b j e c t i v e s  a r e  be ing  m e t  th rough t h e  a p p l i c a t i o n  of hydrodynamics, 
thermodynamics and o t h e r  p h y s i c a l  p r i n c i p l e s  t o  t h e  mathemat ica l  model ing of 
geothermal  r e s e r v o i r s .  Computer codes a r e  be ing  developed which can  s i m u l a t e  
h y p o t h e t i c a l  o r  e x i s t i n g  c a s e s .  The accu racy  of t h e  mathemat ica l  s i m u l a t i o n s  
w i l l  be t e s t e d  e x p e r i m e n t a l l y  through l a b o r a t o r y  s c a l e  sand  models .  

Cur ren t  e f f o r t s  a r e  d i r e c t e d  towards t h e  comple t ion  of a code f o r  model ing 
two phase ( s t eam/wa te r )  r e s e r v o i r s ,  and t h e  comple t ion  of  a f i r s t  g e n e r a t i o n  
code t o  p r e d i c t  t h e  e f f e c t s  of r e i n j e c t i o n  i n  a geothermal  system. The Cer ro  
P r i e t o  geothermal  p r o j e c t  i n  Mexico h a s  been s e l e c t e d  t o  be modeled by t h e  
s i n g l e - p h a s e ,  mu l t id imens iona l  computer code ,  named SCHAFF, deve loped  a t  LBL 
f o r  e i t h e r  l i qu id -domina ted  o r  vapor-dominated sys t ems .  Cer ro  P r i e t o  i s  t h e  
o n l y  c o n v e n i e n t l y  a c c e s s i b l e  l i qu id -domina ted .  sys tem ' t h a t  has  been o p e r a t i n g  
f o r  a s u f f i c i e n t  pe r iod  of time t o - a l l o w  comparison between t h e o r e t i c a l  
estimates and o p e r a t i n g  d a t a .  LB$*is a l s o  a s s i s t i n g  t h e  s t a f f  of t h e  Idaho  
N a t i o n a l  Eng inee r ing  Labora to ry  i n  t h e ' s e l e c t i o n  o f  t h e  l o c a t i o n  of produc- 
i n g  and r e i n j e c t i o n  wel\s a t  t h e  R a f t  River ,  Idaho ,  geothermal  s i t e .  
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2 .  Rock F l u i d  System P r o p e r t i e s  (W. H. Somerton) 

Geosciences 

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  deve lop  methods o f ,  and equipment f o r ,  
t h e  measurement of t h e  p r o p e r t i e s  and behav io r  of r o c k - f l u i d  systems a t  p r e s s u r e ,  
t empera tu re  and f l u i d  s a t u r a t i o n  c o n d i t i o n s  which may be encoun te red  i n  geo- 
the rma l  power development and the rma l  r ecove ry  methods a p p l i e d  i n  t h e  e x t r a c t i o n  
o f  f o s s i l  f u e l s .  Such p r o p e r t i e s  i n c l u d e  p o r o s i t y ,  pe rmea 'b i l i t y ,  f o r m a t i o n  
r e s i s t i v i t y  f a c t o r ,  d i l a t a t i o n a l  and s h e a r  v e l o c i t i e s ,  bu lk  and m a t r i x  compressi-  
b i l i  t ies  , and therma 1 c o n d u c t i v i t y ,  d i f  f us i v i  t y  , expans ion ,  and v a p o r i z a t i o n -  
condensa t ion  c a p i l l a r y  pa rame te r s .  

Data on t h e s e  p r o p e r t i e s  a r e  needed i n  t h e  i n t e r p r e t a t i o n  of w e l l  l o g s  i n  
r e l a t i o n  t o  zona l  e v a l u a t i o n ,  i n  t h e  s t u d y  o f  f l u i d  and h e a t  f low i n  r e l a t i o n  
t o  s u b s u r f a c e  r e s e r v o i r  management, and i n  t h e  p r e d i c t i o n  of w e l l  b o r e  s t a b i l i t y  
and p o s s i b l e  s u r f a c e  e f f e c t s  a s s o c i a t e d  w i t h  f l u i d  wi thd rawa l  from t h e  r e s e r v o i r .  
Methods o f  measuring t h e  d e s i r e d  p r o p e r t i e s  and equipment c a p a b l e  o f  making 
such  measurements t o  t e m p e r a t u r e s  a s  h i g h  a s  2OOOC and p r e s s u r e s  o f  1000 b a r s  
were developed th rough  e a r l i e r  p r o j e c t s  funded by t h e  Water Resources  C e n t e r ,  
U n i v e r s i t y  of C a l i f o r n i a ,  and t h e  American Petroleum I n s t i t u t e .  T h i s  equ ip -  
ment i s  b e i n g  used f o r  a c o n t i n u i n g  program of o b t a i n i n g  d a t a  on a widening 
v a r i e t y  of r o c k - f l u i d  systems.  

Design work has  been completed on a n e w  t e s t  f a c i l i t y  c a p a b l e  of measuring 
a l l  t h e  d e s i r e d  p r o p e r t i e s  c o n c u r r e n t l y  on t h e  same t e s t  specimen t o  tempera- 
t u r e s  a s  h i g h  a s  5 O O 0 C  and p r e s s u r e s  t o  1250 b a r s .  Design problems and m a t e r i a l s  
l i m i t a t i o n s  have n e c e s s i t a t e d  m o d i f i c a t i o n s  i n  measuring methods and t h e  deve lop -  
ment of new methods i n  some c a s e s .  The e x i s t i n g  t e s t  f a c i l i t i e s  a r e  b e i n g  used 
f o r  t h e s e  pu rposes ,  N e w  work h a s  a l s o  begun on t h e  measurement of t he rma l  
c o n t a c t  r e s i s t i v i t i e s  and h e a t  t r a n s f e r  c o e f f i c i e n t s  f o r  c o n v e c t i v e  h e a t  t r a n s f e r  
i n  porous media.  

During t h e  remainder  of FY 1976,  i t  i s  hoped t o  c o n s t r u c t  t h e  new tes t  
f a c i l i t y  and perform i n i t i a l  t e s t  e v a l u a t i o n s .  S t anda rd  l a b o r a t o r y  sands tones  
and samples from a s  many geo the rma l  t es t  w e l l  c o r e s  a s  may be a v a i l a b l e  w i l l  be 
i n v e s t i g a t e d  . 

3. Thermodynamics of High Temperature  Br ines  (K.  S .  P i t z e r ,  L. F.  S i l v e s t e r )  

The o b j e c t i v e  of t h i s  p r o j e c t  i s  a se t  of e q u a t i o n s  p r e d i c t i n g  t h e  v a r i o u s  
thermodynamic p r o p e r t i e s  of mixed aqueous e l e c t r o l y t e s  w i t h  p a r t i c u l a r  a t t e n t i o n  
t o  t h e  t e m p e r a t u r e s ,  p r e s s u r e s ,  and components p r e s e n t  i n  geo the rma l  b r i n e s .  
The p r o p e r t i e s  c o n s i d e r e d  i n c l u d e  b o t h  f r e e  ene rgy  and e n t h a l p y ,  and w i l l  pro- 
v i d e  t h e  b a s i s  f o r  b o t h  s o l u b i l i t y  c a l c u l a t i o n s  and v a r i o u s  h e a t  t r a n s f e r  o r  
h e a t  ba l ance  c a l c u l a t i o n s  i n  geothermal  power p l a n t s .  The r e s u l t s  a r e  t o  be 
summarized i n  a form f o r  conven ien t  e n g i n e e r i n g  u s e  i n  geo the rma l  p l a n t  d e s i g n .  
Cur ren t  e f f o r t s  a r e  d i r e c t e d  towards t h e  development of e n g i n e e r i n g  e q u a t i o n s  
and t h e  t a b u l a t i o n  o f  d a t a  on t h e  thermodynamic p r o p e r t i e s  of sodium c h l o r i d e  
s o l u t i o n s  t o  s a t u r a t i o n  and t o  35OoC. 
t h e  development o f  geo the rma l  power p l a n t s  u s i n g  h y p e r s a l i n e  b r i n e s .  

T h i s  i n f o r m a t i o n  i s  of g r e a t  v a l u e  i n  
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It i s  expec ted  t h a t  a r i g o r o u s  s e t  of  e q u a t i o n s  p r e d i c t i n g  t h e  thermo- 
dynamic p r o p e r t i e s  of s t r o n g  mixed e l e c t r o l y t e s  a t  e l e v a t e d  t empera tu res  w i l l  
be completed i n  FY 1977. The e q u a t i o n s  w i l l  be t e s t e d  a g a i n s t  a v a i l a b l e  d a t a  
i n  t h e  l i t e r a t u r e  and a g a i n s t  t h e  r e s u l t s  of h igh  t empera tu re  measurements of 
osmotic  c o e f f i c i e n t s  i n  mixed e l e c t r o l y t e s .  C o n s t r u c t i o n  of  equipment t o  p e r -  
form t h e  l a t t e r  measurements i s  schedu led  f o r  l a t e  FY 1976. 

B. S t u d i e s  of Magmatic M a t e r i a l s  and Rock Water I n t e r a c t i o n s  (F.  Asaro,  J .  A .  A p p s ,  
I .  S .  E .  Carmichael)  

1. Magmatic M a t e r i a l s  (F. Asaro,  I. S .  E .  Carmichael)  

Magmatic m a t e r i a l s  a r e  be ing  s t u d i e d  i n  o r d e r  t o  q u a n t i f y  t h e  n a t u r e ,  
mechanisms, and r a t e s  of c o n v e c t i o n  i n  t h e  upper man t l e .  Th i s  i s  be ing  done 
t o  p rov ide  long r ange  i n t e r p r e t i v e  s u p p o r t  f o r  f e a s i b i l i t y  s t u d i e s  i n v o l v i n g  
t h e  r e c o v e r y  of ene rgy  from magmatic o r  v o l c a n i c  s o u r c e s .  

Cur ren t  e f f o r t s  a r e  d i r e c t e d  towards b a s i c  geochemical ,  p e t r o l o g i c a l ,  and 
m i n e r a l o g i c a l  s t u d i e s  of l a v a s  anh i n t r u s i v e  r o c k s .  
Ba ja ,  C a l i f o r n i a ,  t h e  Azores ,  and A n t a r c t i c a ,  t o g e t h e r  w i t h  t h e i r  a s s o c i a t e d  
x e n o l i t h s  and megac rys t s  a r e  b e i n g  ana lyzed  by NAA and XRF t o  de t e rmine  major  
and t r a c e  e l emen t s  c o n c e n t r a t i o n s .  P a r t i t i o n  c o e f f i c i e n t s  of  minor e l emen t s  
between t h e  l a v a  and t h e  i n c l o s e d  megac rys t s ,  a r e  be ing  de te rmined .  S i m i l a r  
i n v e s t i g a t i o n s  a r e  a l s o  be ing  made o f  t h e  Bishop T u f f s  which e r u p t e d  from t h e  
Long V a l l e y  c a l d e r a  i n  s o u t h e a s t e r n  C a l i f o r n i a .  Chemical a n a l y s e s  of  x e n o l i t h s  
from a l k a l i c  l a v a s ,  and from t h e  San C a r l o s  and F l a g s t a f f  d i a t r e m e s  i n  Arizona 
w i l l  be made d u r i n g  t h e  l a t t e r  p a r t  of  FY 1976. 

A l k a l i c  b a s a l t s  from 

A s  p a r t  of a c o o p e r a t i v e  e f f o r t  w i t h  t h e  United S t a t e s  Geo log ica l  Survey 
i n  Menlo Pa rk ,  v o l c a n i c  a s h  d e p o s i t s  a r e  be ing  ana lyzed  a s  a means of i d e n t i f y -  
i n g  t h e i r  s o u r c e ,  and i r i d i u m  abundances i n  s o i l s  a r e  be ing  c o r r e l a t e d  w i t h  
m e t e o r i t i c  f a l l s  of  known age  i n  a n  a t t e m p t  t o  e s t a b l i s h  a d a t i n g  system f o r  
t h e  s o i l s .  

2 .  Rock Water I n t e r a c t i o n s  (J. A .  A p p s ,  F. Asaro)  

The o b j e c t i v e  of  t h e  p r o j e c t  i n  rock  w a t e r  i n t e r a c t i o n s  i s  t o  de t e rmine  
what d e l e t e r i o u s  chemical  e f f e c t s ,  i f  any ,  w i l l  r e s u l t  from r a p i d  wi thd rawa l  
o f  h o t  w a t e r  and r e i n j e c t i o n  o f  spent f l u i d s  i n  a c o n v e c t i n g  geothermal  reser- 
v o i r .  The program w i l l  be a d d r e s s e d  t o  q u e s t i o n s  r e g a r d i n g  t h e  r a t e  and n a t u r e  
of  f o r m a t i o n  s e a l i n g  and o t h e r  f a c t o r s  which have a n  a d v e r s e  e f f e c t  on geo- 
the rma l  p l a n t  o p e r a t i o n .  A l onge r  t e r m  g o a l  i s  t o  p r e d i c t  t h e  t r a n s p o r t  and 
d e p o s i t i o n  behav io r  of major rock  forming components and t r a c e  m e t a l s  i n  
c o n v e c t i n g  hydrothermal  sys t ems .  

During FY 1976,  a l i t e r a t u r e  s u r v e y  i s  be ing  conducted t o  de t e rmine  t h e  
k i n e t i c s  of d i s s o l u t i o n  and p r e c i p i t a t i o n  of  s i l i c a  i n  w a t e r  and s a l t  s o l u t i o n s .  
The k i n e t i c s  of s i l i c a  d i s s o l u t i o n  and p r e c i p i t a t i o n  w i l l  be i n c o r p o r a t e d  i n  a 
mathemat i ca l  model of f l u i d  flow i n  a geo the rma l  r e s e r v o i r ,  and s p e c i f i c  c a s e s  
modeled. 
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3 .  Geochemical and Rad iomet r i c  E x p l o r a t i o n  (H. A .  Wollenberg,  F .  Asaro,  
H. R .  Bowman, A .  J. Heber t )  

T h i s  s u b p r o j e c t  s u p p o r t s  t h e  r e s e r v o i r  a s ses smen t  p r o j e c t  of t h e  LBL DGE 
funded geothermal  program. I t s  pr imary purpose i s  t o  deve lop  t echn iques  aimed 
a t  e v a l u a t i n g  t h e  geochemical  and r a d i o m e t r i c  environment o f  geothermal  s y s -  
t e m s .  For example,  t h e  chemical  compos i t ion  o f  geothermal  f l u i d s  i s  d i a g n o s t i c  
o f  t e m p e r a t u r e s  a t  d e p t h  i n  a geothermal  system. Geochemical ana ' l y s i s  of  samples 
of su r round ing  r e g i o n a l  rocks  w i l l  f u r n i s h  d a t a  f o r  comparison of geothermal  
f l u i d  c h e m i s t r y  and t h e  chemis t ry  of  s o u r c e  a r e a  and r e s e r v o i r  m a t e r i a l s .  
Rad iomet r i c  s t u d i e s  a r e  des igned  t o  de t e rmine  i f  meaningful  c o r r e l a t i o n s  e x i s t  
between emanat ing radon and t h e  s t r u c t u r a l  s e t t i n g  of  t h e  geothermal  a r e a ,  and 
i n  e v a l u a t i n g  t h e  env i ronmen ta l  e f f e c t s  o f  t h e  development o f  a geothermal  
r e s o u r c e .  

During FY 1976, i t  i s  planned t o  a n a l y z e  100 t o  200 samples of wa te r  and 
r o c k  from d r i l l i n g s  made a t  t h e  LBL geothermal  test  s i t e s  i n  Nevada. Samples 
w i l l  be ana lyzed  f o r  up t o  50 e l emen t s  by NAA, XRF, IZAA, e t c .  Measurements 
w i l l  be made p e r i o d i c a l l y  of  radon emanat ions of h o t  s p r i n g s  and i n  a d j a c e n t  
s o i l s .  Opera t ing  t e c h n i q u e s  w i l l  be developed f o r  t h e  e x p e d i e n t  a n a l y s i s  of  
radium i n  geothermal  w a t e r s .  E f f o r t s  w i l l  a l s o  be made t o  deve lop  a model 
i n c o r p o r a t i n g  e x i s t i n g  d a t a  on uranium c o n t e n t s  of c o u n t r y  r o c k s  and s p r i n g  
w a t e r s ,  and of r adon  and radium c o n t e n t s  i n  s p r i n g  w a t e r s  t o  e s t i m a t e  t h e  
uranium abundance a t  d e p t h ,  and t h e  a g e  of t h e  a q u i f e r .  

C. N a t i o n a l  Geothermal I n f o r m a t i o n  Resource ( S .  L. P h i l l i p s )  

Geothermal ene rgy  e x p l o r a t i o n  i s  a d e v e l o p i n g  t echno logy  encompassing a wide 
r ange  of  d i s c i p l i n e s .  A v a i l a b l e  i n f o r m a t i o n  i s  o f t e n  f r agmen ta ry ,  d i f f i c u l t  t o  
o b t a i n ,  and poor ly  o r g a n i z e d .  N e v e r t h e l e s s ,  such  i n f o r m a t i o n  m u s t  be made a v a i l -  
a b l e  r a p i d l y  t o  r e s e a r c h e r s ,  d e v e l o p e r s ,  equipment d e s i g n e r s ,  p o l i c y  p l a n n e r s  and 
fund ing  a g e n c i e s  s o  t h a t  geothermal  ene rgy  i n  t h e  United S t a t e s  c a n  be developed 
r a p i d l y  t o  meet t h e  N a t i o n ' s  expanding ene rgy  needs.  

The N a t i o n a l  Geothermal I n f o r m a t i o n  Resource (GRID) has  been set  up t o  s e r v e  
a s  a f o c a l  p o i n t  f o r  c o l l e c t i o n ,  o r g a n i z a t i o n  and d i s s e m i n a t i o n  of i n f o r m a t i o n  and 
numer i ca l  d a t a  p e r t a i n i n g  t o  geothermal  ene rgy .  S i x  major  a r e a s  a r e  cove red .  They 
a r e :  e x p l o r a t i o n ,  p h y s i c a l  c h e m i s t r y ,  u t i l i z a t i o n ,  env i ronmen ta l ,  i n s t i t u t i o n a l ,  
and r e s e r v o i r  c h a r a c t e r i z a t i o n .  

P r e s e n t  e f f o r t s  a r e  c o n c e n t r a t e d  on summarizing d a t a  on t h e  p h y s i c a l  p r o p e r t i e s  
of  NaCl s o l u t i o n s  and on s e t t i n g  up GEODOC, a computer based f i l e  which c o n t a i n s  
d e s c r i p t i v e  c a t a l o g i n g  and index ing  i n f o r m a t i o n  f o r  a l l  documents p rocessed  by t h e  
N a t i o n a l  Geothermal I n f o r m a t i o n  Resource Group. A l so  schedu led  f o r  FY 1976, i s  t h e  
c o m p i l a t i o n  of geothermal  e x p l o r a t i o n  d a t a ,  and a b i b l i o g r a p h y  and d a t a  on hydrogen 
s u l f i d e  a s  i t  r e l a t e s  t o  geothermal  ene rgy  development.  
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I 
D .  I n - S i t u  S t r e s s  Measurements (T.  V.  McEvil ly ,  C-Y Wang) 

Geosc iences  

A number of  t e c h n i q u e s  a r e  be ing  i n v e s t i g a t e d  f o r  t h e i r  p o t e n t i a l  v a l u e  i n  
p r e d i c t i n g  t h e  occur rence  of  ea r thquakes .  A l l  r e l y  t o  some degree  on p h y s i c a l  
p r o p e r t i e s  be ing  f u n c t i o n s  of t h e  s t a t e  of  stress i n  c r u s t a l  rocks .  One t e c h n i q u e ,  
v a r i a t i o n s  i n  s e i s m i c  wave v e l o c i t y ,  h a s  depended s o  f a r  on t h e  measurement o f  t i m e  
d e l a y s  of  seismic waves whose p a t h s  have f o r t u i t o u s l y  passed  th rough  a zone of 
i n t e r e s t .  The purpose of  t h i s  p r o j e c t  i s  t o  deve lop  a method of  o b s e r v i n g  s t ress-  
dependent  changes i n  a s p e c i f i e d  r e g i o n  by mon i to r ing  t h e  v e l o c i t y  of  s e i s m i c  waves 
gene ra t ed  by a c o n t r o l l e d  seismic source  and p ropaga t ing  a long  known geometr ic  
( r e f  l e c t e d l r e f r a c t e d )  p a t h s  w i t h i n  t h e  c r u s t .  

A c a p a b i l i t y  f o r  i n - s i t u  s t r a i n  change mon i to r ing  would have i m p l i c a t i o n s  f o r  
a wide r ange  of geosc ience  problems. Apar t  from t h e  merits f o r  ea r thquake  p r e d i c t i o n ,  
t h e  t echn ique  i s  e s p e c i a l l y  a p p l i c a b l e  f o r  l o c a l  mon i to r ing  of  s p e c i f i c  i n s t a l l a -  
t i o n s  i n  ea r thquake  zones such  a s  n u c l e a r  r e a c t o r s ,  geothermal  f a c i l i t i e s ,  and l a r g e  
dams. 

During FY 1976,  f u l l  s c a l e  f i e l d  measurements w i l l  be  made of  stress dependent  
changes i n  t h e  v e l o c i t y  of  s e i s m i c  waves gene ra t ed  by t h e  VIBROSEIS* equipment 
donated  by C o n t i n e n t a l  O i l  Company. I n i t i a l  e f f o r t s  w i l l  be  d i r e c t e d  towards 
e v a l u a t i o n  of measurement p r e c i s i o n  and sys tem s t a b i l i t y ,  Concurrent  w i t h  t h e  
f i e l d  program, l a b o r a t o r y  i n v e s t i g a t i o n s  of t h e  behav io r  of  rocks  under  stress 
w i l l  be  underway w i t h  p a r t i c u l a r  emphasis  on f r a c t u r e  development p rocesses  and 
i m p l i c a t i o n s  t o  ea r thquake  p r e d i c t i o n  p o s s i b i l i t i e s  and t h e  g e n e r a l  s t r e s s l p h y s i c a l  
p r o p e r t i e s  q u e s t i o n .  

* Trademark f o r  C o n t i n e n t a l  O i l  Company. 
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05 ENG 48 

P r e d i c t i v e  Rock Mechanics 

J. F. Scha tz  

t h i s  r e s e a r c h  i s  t o  improve unde r s t and ing  of  t h e  r e sponse  of  g e o l o g i c  
media t o  mechanical  s t i m u l i  such  a s  e x p l o s i o n s  o r  i n  s i t u  stress.  Rock behav io r  i s  
be ing  modeled on a mic roscop ic  s c a l e ,  and t h e  models a r e  be ing  v e r i f i e d  by e x p e r i m e n t a l  
work on w e l l - c h a r a c t e r i z e d  ceramic s y n t h e t i c  r o c k s .  
ex tended  t o  t h e  l a r g e r  s c a l e  of j o i n t s  and f a u l t s ,  and expe r imen ta l  work w i l l  proceed t o  
t h e  f i e l d .  

I n  t h e  f u t u r e ,  modeling w i l l  be 

To d a t e ,  a model f o r  t h e  i s o t r o p i c  r e s p o n s e  of s p h e r i c a l  po res  and f l a t  c r a c k s  i n  
d r y  rocks  has  been completed.  Computer programs have been w r i t t e n ,  and t h e  model h a s  
been v e r i f i e d  f o r  porous r o c k s  such  a s  t u f f  and sands tone .  Non- i so t rop ic  r e sponse  i s  
handled by a n o t h e r  model of t h e  continuum p l a s t i c i t y  t y p e ,  and work i s  p roceed ing  t o  
r e l a t e  t h e  two models and i n c l u d e  t h e  e f f e c t s  of w a t e r  and s t r a i n  r a t e .  

S y n t h e t i c  rock f a b r i c a t i o n  i s  p roceed ing .  K a o l i n i t e  has  been chosen f o r  simulation 
of weak, porous rock ,  and alumina f o r  strong, less  porous r o c k .  Q u a n t i t i e s  of  bo th  
k a o l i n i t e  and alumina powder have been o b t a i n e d .  Dry k a o l i n i t e  p e l l e t s  of  s e v e r a l  
p o r o s i t i e s  have been f a b r i c a t e d  and c h a r a c t e r i z e d  by o p t i c a l  and e l e c t r o n  microscopy,  
x - r a y ,  and o t h e r  t e c h n i q u e s .  H y d r o s t a t i c ,  t r i a x i a l ,  and gas  gun p l a n a r  impact t e s t i n g  
a r e  under way. Alumina sample f a b r i c a t i o n  and procurement have begun. 
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S o l i d  E a r t h  Geosciences 

E. B .  D u f f i e l d  

t h e  g e o s c i e n c e s  e f f o r t  a t  LASL i s  t o  complement w i t h  geophysi.cal/  
g e o l o g i c a l  i n p u t  ERDA programs a t  LASL and e l sewhere  t h a t  r e l a t e  t o  geothermal  e n e r g y  
n e e d s ,  s i t e  and environment s t a b i l i t y ,  and m i n e r a l s  p r o s p e c t i n g  and e x t r a c t i o n .  The 
LASL geosc ience  r e s e a r c h  program i n c l u d e s  seismology,  rock  mechanics ,  e x p e r i m e n t a l  
h i g h  p r e s s u r e  geophys ic s ,  e x p e r i m e n t a l  geochemis t ry ,  o b s e r v a t i o n a l  p e t r o l o g y  and geo- 
c h e m i s t r y ,  f i e l d  geology,  dynamic s i m i l i t u d e  model ing,  and t h e o r e t i c a l  numer i ca l  
s i m u l a t i o n  o f  dynamics w i t h i n  t h e  e a r t h ,  and geochronology.. 

D i r e c t l y  r e l a t e d  t o  t h e  s u p p o r t  of geothermal  energy programs a r e  i n v e s t i g a t i o n s  
t o  de t e rmine  geochemical ,  p e t r o l o g i c a l ,  p h y s i c a l ,  mechan ica l ,  h e a t  f low and the rma l  
p r o p e r t i e s  o f  d r i l l  c o r e s ,  a s  wel l  a s  e x p e r i m e n t a l  and numer i ca l  i n v e s t i g a t i o n s  o f  t h e  
chemica l  i n t e r a c t i o n  of  g r a n i t e  and ho t  aqueous s o l u t i o n s  , t h e  l a t t e r  r e s e a r c h  a c t i v i t y  
a l s o  c o n t r i b u t i n g  t o  p o s s i b l e  m i n e r a l  e x t r a c t i o n  p rocedures .  

Because b o t h  o re /geo the rma l  body l o c a t i o n  and g e o l o g i c  haza rds  ( e x p l o s i v e  vo lcan i sm,  
l a v a  f lows ,  l a h a r s ,  e a r t h q u a k e s ,  e t c . )  a r e  i n t i m a t e l y  r e l a t e d  t o  r e g i o n s  t h a t  have 
s e e n  o r  a re  p r e s e n t l y  s e e i n g  some form of t e c t o n i s m ,  primary i n t e r e s t s  o f  t h e  g e o s c i e n c e  
group a r e  igneous  geology,  o r i g i n ,  emplacement and chemical  e v o l u t i o n  of p l u t o n s  and 
vo lcanoes  and t h e  n a t u r e  o f  h e a t  and mass t r a n s f e r  and stress d i s t r i b u t i o n  w i t h i n  t h e  
e a r t h .  

Labora to ry  and t h e o r e t i c a l  work i s  be 
Mountains--Rio Grande R i f t  Region and t h e  

ng complemented by f i e  
Cascade Range. 

d s t u d i e s  i n  t h e  Jemez 

D i r e c t l y  employed by t h e  group i n  t h i s  r e s e a r c h  a r e  t h e  LASL Computer F a c i l i t i e s  
a l o n g  w i t h  t h e i r  e x t e n s i v e  l i b r a r y  o f  hydrodynamic and m a t e r i a l  codes ,  r o c k  p e r m e a b i l i t y  
t e s t i n g  a p p a r a t u s  , s e v e r a l  l a r g e  presses (maximum c a p a c i t y  1400 mPa) , a compression 
and t e n s i l e  t e s t i n g  u n i t ,  a pe t rog raphy  l a b o r a t o r y  and a CAMECA e l e c t r o n  mic roana lyze r .  
The group a l s o  draws upon t h e  e x p e r t i s e  of o t h e r  s e c t i o n s  of LASL f o r  s p e c i a l i z e d  work 
such  a s  n e u t r o n  a c t i v a t i o n .  



Los Alamos S c i e n t i f i c  Labora to ry  Geosciences 

A .  Geophysical  A p p l i c a t i o n s  of High Tempera tu re /P res su re  M a t e r i a l s  Sc ience  
(T. J. Shankland, U. N i t s a n ,  P. M.  Ha l l eck )  

1. Measurement of O p t i c a l  Absorp t ion  i n  Mine ra l s  and Rocks and t h e  
C a l c u l a t i o n  o f  R a d i a t i v e  Heat T r a n s f e r  i n  t h e  E a r t h  (T. J.  Shankland, 
U. N i t s a n )  

I f  t h e  o p t i c a l  a b s o r p t i o n  spectrum of a m a t e r i a l  i s  known a s  a f u n c t i o n  
o f  t e m p e r a t u r e ,  t h e n  i t  i s  p o s s i b l e  t o  c a l c u l a t e  a n  e f f e c t i v e  the rma l  
c o n d u c t i v i t y  due t o  r a d i a t i o n  by i n t e g r a t i n g  t h e  a b s o r p t i o n  spectrum and t h e  
t e m p e r a t u r e  d e v i a t i o n  o f  t h e  black-body d i s t r i b u t i o n  o v e r  t h e  s p e c t r a l  r ange  
i n  which t h e  m a t e r i a l  i s  t r a n s m i t t i n g .  T h i s  c a l c u l a t i o n  i s  be ing  accomplished 
f o r  s e v e r a l  m i n e r a l s  f o r  which a b s o r p t i o n  s p e c t r a  a r e  i n  hand, and a p p a r a t u s  
i s  b e i n g  c o n s t r u c t e d  f o r  con t inued  a b s o r p t i o n  measurements i n  o r d e r  t o  b e t t e r  
e v a l u a t e  t h e  the rma l  conduc t ion  of rocks  a t  v e r y  h i g h  t empera tu res .  

2 .  Theory of E l e c t r i c a l  P r o p e r t i e s  o f  Hetrogeneous Media and I n t e r p r e t a t i o n  
of E l e c t r i c a l  Conduc t iv i ty  Anomalies (T. J .  Shankland) 

E l e c t r i c a l  c o n d u c t i v i t y  measurements have r e v e a l e d  zones of anomalously 
h i g h  c o n d u c t i v i t y  i n  many r e g i o n s  of t h e  e a r t h ' s  man t l e ,  p a r t i c u l a r l y  i n  t h e  
w e s t e r n  U.S. By u s i n g  t h e o r i e s  o f  t h e  e l e c t r i c a l  c o n d u c t i v i t y  o f  compos i t e s ,  
i t  i s  p o s s i b l e  t o  e v a l u a t e  t h e  e l e c t r i c a l  c o n d u c t i v i t y  i n  a rock  which con- 
t a i n s  a h i g h l y  conduc t ing  f l u i d  such  a s  wa te r  o r  a p a r t i a l  m e l t .  These 
c a l c u l a t i o n s  a r e  b e i n g  used t o  i n v e s t i g a t e  the rma l  c o n d i t i o n s  i n  zones o f  
c o n d u c t i v i t y  anomal i e s .  

3 .  E l a s t i c  P r o p e r t i e s  o f  Rocks and M i n e r a l s  (T. J.  Shankland) 

Work i s  c o n t i n u i n g  on t h e  broad e f f e c t  o f  chemical  compos i t ion ,  c r y s t a l  
s t r u c t u r e  and s t a t e  of a g g r e g a t i o n  on sound v e l o c i t i e s  o f  r o c k s  and m i n e r a l s .  
These c a l c u l a t i o n s  c a n  b e  a p p l i e d  t o  t h e  i n t e r p r e t a t i o n  of seismic measure- 
ments i n  terms of compos i t ion  and thermodynamic p r o p e r t i e s  o f  c r u s t a l  and 
man t l e  rocks .  

4 .  O p t i c a l  S t u d i e s  of E l e c t r o n i c  P r o p e r t i e s  of M i n e r a l s  (U.  N i t s a n ,  
T. J .  Shankland) 

Measurements of o p t i c a l  a b s o r p t i o n  and r e f l e c t i v i t y  s p e c t r a  from t h e  n e a r  
i n f r a r e d  i n t o  t h e  vacuum u l t r a v i o l e t  a r e  i n t e r p r e t e d  i n  terms of v a r i o u s  c l a s s e s  
of e l e c t r o n i c  ene rgy  l e v e l s :  c r y s t a l  f i e l d  t r a n s i t i o n s ,  c h a r g e - t r a n s f e r  t r a n s i -  
t i o n s  , and "fundamental" t r a n s i t i o n s  i n v o l v i n g  t h e  bonding and a n t i b o n d i n g  
t r a n s i t i o n s .  The s i l i c a t e s  a r e  compounds of mixed o x i d e s  and a f f o r d  unique 
examples of s y s t e m a t i c  chemical  v a r i a t i o n s  of e l e c t r o n i c  s t r u c t u r e .  
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5. High P r e s s u r e  X-Ray S t u d i e s  (P. M.  Ha l l eck )  

Using p r i m a r i l y  t h e  t e c h n i q u e  r e c e n t l y  d e s c r i b e d  by Ha l l eck  and O l i n g e r ,  
compression and phase s t u d i e s  a r e  be ing  done on m i n e r a l s  o f  g e o p h y s i c a l  i n t e r e s t  
a s  w e l l  a s  on s i m p l e  s a l t s  and s o l i d  s o l u t i o n s  which may have a r e l a t i o n  t o  t h e  
s t r u c t u r e  of m a t t e r  i n  t h e  deep man t l e  o r  i n n e r  c o r e .  The c u r r e n t  r ange  o f  
t h e s e  s t u d i e s  i s  c a .  12 GPa (120 k b ) ;  some t echn ique  development work i s  b e i n g  
done t o  improve t h e  p r e s s u r e  r ange  and add a h i g h  t empera tu re  c a p a b i l i t y .  Lower- 
p r e s s u r e  phase s t u d i e s  a r e  a l s o  contemplated u s i n g  a s m a l l  diamond-anvi l  c e l l  
des igned  by Merr i l l  and B a s s e t t  f o r  s i n g l e - c r y s t a l  work. These s t u d i e s  w i l l  
c o n t i n u e  t o  be  done i n  c o n j u n c t i o n  w i t h  B.  O l i n g e r ,  LASL M-6. 

6 .  U l t r a s o n i c s  Experiments (P. M .  Ha l l eck )  

Hardware i s  b e i n g  assembled t o  g i v e  us t h e  c a p a b i l i t y  t o  perform u l t r a s o n i c  
sound v e l o c i t y  expe r imen t s ,  u s i n g  a v a r i e t y  of t e c h n i q u e s  i n c l u d i n g  s i m p l e  p u l s e  
t r a n s m i s s i o n ,  pu l se -echo ,  b u f f e r - r o d ,  phase comparison and p u l s e  s u p e r p o s i t i o n ,  
a s  w e l l  a s  o t h e r s  des igned  s p e c i f i c a l l y  f o r  d i s p e r s i v e  media.  Many of t h e  
a p p l i c a t i o n s  w i l l  be  t o  r o c k  phys ic s  p r o j e c t s ,  b u t  some h i g h  p r e c i s i o n  
measurements on i n d i v i d u a l  m i n e r a l s  a r e  a l s o  contemplated.  

7 .  Dynamic Rock F r a c t u r e  S t u d i e s  (P. M.  H a l l e c k )  

Dynamic r o c k  p r o p e r t i e s  s t u d i e s  have r e l e v a n c e  t o  t h e  h o t  d r y  r o c k  geothermal  
program and t o  g e n e r a l  g e o p h y s i c a l  problems. One p r o j e c t  i s  t h e  modeling of 
f r a c t u r e  systems c r e a t e d  by t h e  s imul t aneous  d e t o n a t i o n  o f  an  e x p l o s i v e  c h a r g e  
i n  two nea rby  b o r e h o l e s .  

A second p r o j e c t  i s  t h e  measurement o f  dynamic y i e l d  p r o p e r t i e s  of t h e  
g r a n o d i o r i t e  from t h e  Fenton H i l l  l o c a t i o n  a s  well a s  o t h e r  rocks  of i n t e r e s t  
t o  de t e rmine  p l a s t i c  y i e l d  c r i t e r i a  and w i l l  be performed u s i n g  magnet ic  probes 
on a g a s  gun. 

B .  O b s e r v a t i o n a l  and A n a l y t i c a l  Pe t ro logy  and Geochemistry (T. McGetchin, R .  Gooley, 
G .  Heiken, J .  Balagna, R .  C h a r l e s ,  R .  V ida le ,  J.  Reid ,  W .  Laugh l in ,  A .  Eddy, 
F. Koch, C .  Ho l l ey ,  L. B l a t z ,  and s u b c o n t r a c t o r s . )  

1. Rock P e r m e a b i l i t y  (J. Balagna, R .  C h a r l e s ,  R.  V i d a l e )  

Rock p e r m e a b i l i t y  s t u d i e s  on GT-2 c o r e  g r a n i t e  from t h e  Fenton H i l l  geo- 
t he rma l  s i t e  w i l l  be extended t o  h i g h e r  p r e s s u r e  (2 k b a r )  and h i g h e r  tempera- 
t u r e s  (3OOOC) .  S e v e r a l  new t e c h n i q u e s  w i l l  be  t r i e d  i n c l u d i n g :  u se  of s t a b l e  
and r a d i o a c t i v e  t r a c e r s  t o  mark t r a n s p o r t  pa ths ;  u se  of b o t h  aqueous and i n e r t  
s o l u t i o n s  t o  d i s t i n g u i s h  between chemica l  and the rma l  e f f e c t s  on p e r m e a b i l i t y ;  
and use  o f  chemica l ly  a c t i v e  f l u i d s  such  a s  Na2C03 s o l u t i o n  t o  e n l a r g e  f l u i d  
f low c h a n n e l s .  Cons ide rab le  e f f o r t  w i l l  a l s o  b e  d i r e c t e d  towards f u r t h e r  
c h a r a c t e r i z a t i o n  of a l t e r a t i o n  m i n e r a l s  i n  flow c h a n n e l s  and d e t e r m i n a t i o n  o f  
t h e  s o l i d  s t a t e  behav io r  o f  rock  a s  a f u n c t i o n  o f  t empera tu re  and p r e s s u r e .  
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2 .  Rock-Solut ion E q u i l i b r i a  i n  A g i t a t e d  Systems (J. Balagna,  R.  C h a r l e s ,  
R .  V i d a l e )  

Approach t o  e q u i l i b r i u m  between aqueous s o l u t i o n  and rock  samples i n  a c l o s e d  
system w i l l  c o n t i n u e  to be s t u d i e d  by rocking-bomb expe r imen t s .  The d a t a  
o b t a i n e d  shows t h e  compos i t ions  t h a t  s o l u t i o n  and a l t e r a t i o n  m i n e r a l s  w i l l  t e n d  
t o  approach i n  s p e c i f i c  segments of  a n  open c i r c u l a t i n g  d r y  h o t  rock system. 

3 .  C i r c u l a t i n g  Systems S imula t ing  Dry Hot Rock Systems (J. Balagna,  R .  C h a r l e s ,  
R.  V i d a l e )  

F u r t h e r  r u n s  a r e  planned i n  t h e  two e x i s t i n g  c i r c u l a t i n g  systems.  These 
p e r m i t  c o n t r o l  of " su r face"  h e a t  exchanger  t e m p e r a t u r e ,  "down-hole" h e a t  exchange 
t e m p e r a t u r e ,  t o t a l .  p r e s s u r e ,  f low ra te ,  and i n i t i a l  rock  and s o l u t i o n  compos i t ion .  
One new c i r c u l a t i n g  system w i l l  be b u i l t  t h a t  p e r m i t s  c o n t r o l  of t e m p e r a t u r e  
g r a d i e n t s  ( a s  opposed t o  uniform t e m p e r a t u r e s )  i n  b o t h  " su r face"  and "down-hole" 
h e a t  exchange r s .  

Work i n  1976 w i l l  c o n c e n t r a t e  on l o n g ,  s t e a d y - s t a t e  runs  u s i n g  g r a n i t e  from 
t h e  Fenton H i l l  s i t e  c o r e .  Data w i l l  be o b t a i n e d  on s o l u t i o n  compos i t ion  and on 
p r o g r e s s i v e  a l t e r a t i o n  i n  t h e  "down-hole" exchanger  and s c a l i n g  i n  t h e  " su r face"  
exchanger  by atomic a b s o r p t i o n  s p e c t r o s c o p y ,  o p t i c a l  microscopy,  s cann ing  
e l e c t r o n  microscopy,  n o n - d i s p e r s i v e  x - r a y  a n a l y s i s ,  e l e c t r o n  microprobe a n a l y s i s  
and t r a c e r  s t u d i e s .  

4 .  Standa rd  Mine ra l  S y n t h e s i s  and Phase E q u i l i b r i a  S t u d i e s  (C.  C .  H e r r i c k ,  
R.  C h a r l e s ,  H .  She inbe rg  and A .  H a k k i l l a )  

A program i s  underway t o  p rov ide  a s o u r c e  of  r e a s o n a b l e  q u a n t i t i e s  of pure 
o r  a t  l eas t  w e l l - c h a r a c t e r i z e d  hydrous and anhydrous m a t e r i a l s  of g e o l o g i c  
i n t e r e s t .  S e l e c t e d  m i n e r a l s  a r e  c u r r e n t l y  be ing  p repa red  f o r  geodynamic shock 
wave expe r imen t s ,  h e a t  c a p a c i t y  and h e a t  of s o l u t i o n  measurements,  and use a s  
microprobe s t a n d a r d s .  These p r e p a r a t i o n s  r e q u i r e  h i g h  p r e s s u r e  equipment,  
hydro the rma l  t e c h n i q u e s ,  h igh - t empera tu re  s i n t e r i n g ,  o r  t h e  plasma t o r c h .  

A $- inch Boyd-England d i e  assembly h a s  been made f o r  i n v e s t i g a t i o n s  of h i g h  
t e m p e r a t u r e ,  h i g h  p r e s s u r e  phase e q u i l i b r i a .  
and p r e s s u r e s  from 10 t o  15 kba r  w i l l  be employed. 

Temperatures  from 900 t o  1500°C 

5 .  T race  Elements a s  Whole Rock Reac to r  T r a c e r s  (J. Balagna,  R. C h a r l e s ,  
R .  V i d a l e )  

Q u a n t i t a t i v e  m i n e r a l  s e p a r a t i o n s  and chemica l  a n a l y s e s  of  t h e  t r a c e  e l emen t s  
unique t o  e a c h  m i n e r a l  a r e  b e i n g  made by n e u t r o n  a c t i v a t i o n  of  GT-2 c o r e  samples.  
The i n t e r g r a n u l a r  d e p o s i t s  of  t r a c e  e l emen t s  w i l l  a l s o  be d e s c r i b e d  q u a n t i t a t i v e l y .  

T race  element  a n a l y s e s  w i l l  be used f o r  keep ing  a n  i n v e n t o r y  on t h e  s o l u t i o n  
of s p e c i f i c  m i n e r a l s  b o t h  i n  t h e  l a b o r a t o r y  expe r imen t s  and a t  t h e  Fenton H i l l  
d r y  h o t  rock  s i t e .  
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6. 

7. 

8 .  

9. 

I f  fund ing  permi ts ,  a s t u d y  w i l l  be i n i t i a t e d  u s i n g  t h e  i s o t o p e s  o f  
Hydrogen, Carbon and Oxygen t o  d e s c r i b e  t h e  s o l u t i o n  p r o g r e s s  of t h e  d r y  h o t  r o c k  
r e s e r v o i r .  The chemical  p rocedures ,  e x p e r t i s e ,  and mass s p e c t r o m e t e r  a r e  a l r e a d y  
w i t h i n  LASL. 

S i n g l e  Mine ra l  A l t e r a t i o n  i n  a S t a t i c  System (J. Balagna, R .  C h a r l e s ,  
R .  V i d a l e )  

Rock- f lu id  r e a c t i o n s  i n  t h e  "down-hole" h e a t  exchanger  of t h e  d r y  h o t  r o c k  
geothermal  p r o j e c t  can  b e  i n t e r p r e t e d  more s imply by f i r s t  examining s i n g l e  
m i n e r a l - f l u i d  systems b e f o r e  r e a c t i n g  t h e  more complex p o l y m i n e r a l i c  systems.  
Pure s i n g l e  m i n e r a l  phases  a r e  be ing  r e a c t e d  w i t h  a w e l l - d e f i n e d  s o l u t i o n  i n  a 
s t a t i c  system. The o b j e c t i v e  i s  t o  r e a c t  i n d i v i d u a l l y  t h e  major phases  of t h e  
g r a n i t e  sys t em ( q u a r t z ,  two f e l d s p a r s ,  and two micas )  found i n  o u r  geothermal  
p r o j e c t .  S i n c e  t h e  r e a c t i o n  between s o l u t i o n  and m i n e r a l  i n v o l v e s  t h e  appea r -  
ance of t i m e  dependent  secondary phases ,  t h e s e  must be  i d e n t i f i e d  and c h a r a c t e r -  
i z e d  w i t h  o u r  s cann ing  e l e c t r o n  microscope (SEM) o r  more s e n s i t i v e  s u r f a c e  
t e c h n i q u e s  such  a s  AUGER and ESCA microscopy. P r e l i m i n a r y -  a n a l y s e s  have been 
made u s i n g  t h e s e  methods. 

T r a n s p o r t  Modeling i n  Dry Hot Rock Systems Based on Experimental  Data 
(J. Balagna, R.  C h a r l e s ,  R .  V i d a l e )  

C o r r e l a t i o n  o f  t r a n s p o r t  modeling w i t h  r o c k - s o l u t i o n  p r o c e s s e s  ( i . e . ,  
geothermal  systems and s o l u t i o n  mining)  f i r s t  r e q u i r e s  agreement between model 
and experiment  i n  s i m p l e  monomineralic systems and t h e n  a p p l i c a t i o n  t o  poly-  
m i n e r a l i c  systems such  a s  a g r a n i t e  rock .  Monomineralic s t u d i e s  w i l l  be  
con t inued  and p o l y m i n e r a l i c  s t u d i e s  b e g i n  i n  1976. Two k i n d s  of modeling 
approaches  w i l l  be  used:  a "Pa thca lc"  s o l u t i o n - s o l i d  r e a c t i o n  program developed 
by Helgeson ( U n i v e r s i t y  of C a l i f o r n i a f B e r k e l e y )  and mod i f i ed  by H e r r i c k  (LASL); 
and a f i n i t e - d i f f e r e n c e  m a t e r i a l  t r a n s p o r t  program b e i n g  developed by 
F l e t c h e r  ( S t a n f o r d  U n i v e r s i t y )  and Vida le  (LASL). 

S o l u t i o n  Mining F e a s i b i l i t y  S t u d i e s  (J. Balagna, R .  C h a r l e s ,  R .  V i d a l e )  

Our work i n  rock-water  i n t e r a c t i o n s ,  h i g h  t e m p e r a t u r e s  p e r m e a b i l i t y ,  and 
t r a c e  element  a n a l y s e s ,  l e a d s  t o  t h e  s t u d y  of s o l u t i o n  r e c o v e r y  of low c o n c e n t r a -  
t i o n  c o n s t i t u e n t s  of economic i n t e r e s t .  Dry  h o t  r o c k  systems w i l l  i n v o l v e  t h e  
i n t i m a t e  a s s o c i a t i o n  of h o t  w a t e r  w i t h  l a r g e  volumes of  rock  ove r  a p e r i o d  of 
y e a r s  a s  t h e  h e a t  i s  mined from t h e  r e s e r v o i r .  A s t u d y  of o t h e r  r e c o v e r a b l e  
components and o f  t e c h n i q u e s  f o r  r ecove ry  i s  i m p e r a t i v e  and w i l l  be begun i n  
1976. 

Accessory Mine ra l s  Found i n  Coal (R.  Gooley, T .  R .  McGetchin, G .  Heiken) 

Samples a r e  b e i n g  c o l l e c t e d  from s e l e c t e d  Western c o a l  d e p o s i t s  f o r  a n  
i n t e n s i v e  a n a l y t i c a l  s t u d y  o f  t h e  i n o r g a n i c  m i n e r a l s  t h a t  occu r  i n  c o a l .  P e t r o -  
g r a p h i c  s t u d i e s  w i l l  be fol lowed by e l e c t r o n  probe m i c r o a n a l y s i s  of a l l  a c c e s s o r y  
m i n e r a l  phases .  
t a k e n  and s t u d i e d  i n  an  a t t e m p t  t o  c o r r e l a t e  t h e  i n o r g a n i c  phases  w i t h i n  t h e  c o a l  
seams t o  t h e  mineralogy and c h e m i s t r y  of t h e  h o s t  r o c k s .  T r a c e  element  s i t e  and 
a c c e s s o r y  phases  w i l l  be i d e n t i f i e d  and ,  h o p e f u l l y ,  m i n e r a l  s o u r c e  i n  o r d e r  t o  
r e l a t e  c o a l  seams t o  t h e i r  s ed imen ta ry  environment  and t o  p rov ide  d a t a  u s e f u l  f o r  
c o a l  d e p o s i t  e v a l u a t i o n ,  e x t r a c t i o n  methods,  and t r e a t i n g  s l a g  fo rma t ions  and 
f u r n a c e  e r o s i o n  problems. 

Samples of  t h e  sed imen ta ry  c o a l - b e a r i n g  c o u n t r y  r o c k  w i l l  be 
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11. 

12 .  

13 .  

14. 

P e t r o l o g i c  and Geochemical S t u d i e s  of  Upper Mantle  Xeno l i th s  from t h e  B a s a l t s  
of Hawaii and t h e  Sou the rn  Rio Grande R i f t  (J. B. Reid)  

E l e c t r o n  microprobe d a t a  from s u i t e s  of  p e r i d o t i t e  x e n o l i t h s  from Hawaii and 
s o u t h c e n t r a l  New Mexico a r e  p rov id ing  new in fo rma t ion  on t h e  n a t u r e  of  t h e  geo- 
the rma l  g r a d i e n t  benea th  t h e s e  a r e a s  and a r e  e l u c i d a t i n g  t h e  p rocesses  by which 
o l i v i n e  t h o l e i i t i c  b a s a l t s  a r e  d e r i v e d  by p a r t i a l  m e l t i n g  of  t h e  s p i n e l  
p e r i d o t i t e  upper  man t l e  a t  dep ths  of  35-60 km benea th  Hawaii. 
of x e n o l i t h s  from t h e  West P o t r i l l o  Mountains ,  s o u t h c e n t r a l  N e w  Mexico, 
r e p r e s e n t  e a r l y  cumula tes  and e v e n t u a l  deep - sea t ed  t o t a l l y - c r y s t a l l i z e d  en t r apped  
l i q u i d s  v e r y  c l o s e l y  r e l a t e d  t o  t h e  b a s a l t s  t h a t  b rought  them t o  t h e  s u r f a c e .  
These rocks  a r e  shedding  v a l u a b l e  l i g h t  on t h e  e v o l u t i o n  of b a s a l t i c  magmas deep 
benea th  t h e  Rio Grande r i f t  and w i l l  be  s u b j e c t e d  t o  oxygen- i so tope  s t u d i e s  on 
t h e  hydrous phases  i n  t h e  en t r apped  m e l t  f r agmen t s ,  t o  e l u c i d a t e  t h e  n a t u r e  of  
v o l a t i l e  phases  i n  t h e  e a r t h ' s  i n t e r i o r .  

A t h i r d  group 

P e t r o l o g i c  I n v e s t i g a t i o n  of  L i t h i c  Fragments Wi th in  t h e  Bande l i e r  Tuff  
(J. C.  E i c h e l b e r g e r ,  R .  Gooley, F. Koch) 

A p e t r o g r a p h i c  and a n a l y t i c a l  s t u d y  i s  be ing  made of l i t h i c  f ragments  t a k e n  
from seven  measured s e c t i o n s  of  b o t h  t h e  lower and upper members of  t h e  Bande l i e r  
t u f f  i n  t h e  v i c i n i t y  of  t h e  d r y  h o t  rock  (DHR) w e l l  GT-2 were sampled. R e p r e -  
s e n t a t i v e  samples  of p re -Bande l i e r  v o l c a n i c  rocks  and Precambrian g r a n i t e s  a r e  
be ing  compared w i t h  t h e  l i t h i c  f ragments  and w i l l  p rovide  b a s i c  in fo rma t ion  
about  c o n d i t i o n s  and p rocesses  a t  d e p t h  and t h e  k i n d s  and abundances of rock  
types  i n  basement b e f o r e  deep  d r i l l i n g  beg ins .  

P a r t i a l  Melt P roduc t s  of Deep  C r u s t a l  Rocks (T. R.  McGetchin, R .  Gooley) 

Samples of  'a g a r n e t - b e a r i n g  g r a n u l i t e  from s o u t h e r n  Utah a r e  be ing  prepared 
i n  a n  a t t e m p t  a t  l a b o r a t o r y  d u p l i c a t i o n  of p a r t i a l  m e l t i n g  p r o c e s s e s  o c c u r r i n g  
i n  t h e  lower c r u s t  o r  upper  mant le .  The product  o b t a i n e d  by s e l e c t i v e  p a r t i a l  
m e l t i n g  w i l l  b e  s t u d i e d  p e t r o g r a p h i c a l l y  and by e l e c t r o n  microprobe t o  i n f e r  
resemblance t o  n a t u r a l  magma composi t ions .  T h i s  s t u d y  may r e s o l v e  q u e s t i o n s  
concern ing  f r a c t i o n a t i o n  of deep- sea t ed  rocks  and t h e  fo rma t ion  of c e r t a i n  t y p e s  
o f  magma. 

S t a b l e - I s o t o p e  Geochemistry ( G .  Landis ,  U n i v e r s i t y  of  N e w  Mexico) 

Oxygen and hydrogen i s o t o p i c  s t u d i e s  have been s t a r t e d  t o  de te rmine  t h e  n a t u r e  
and amount of  i n t e r a c t i n g  between t h e  rocks  and ground w a t e r  o r  wa te r  from t h e  
magma which produced t h e  Bande l i e r  t u f f .  These s t u d i e s  w i l l  a l s o  c o n t r i b u t e  
geothermometr ic  d a t a  u s e f u l  i n  d e r i v i n g  a the rma l  h i s t o r y  of t h e  s i t e .  

S o l i d - I n c l u s i o n  S t u d i e s  ( C .  Barker ,  U n i v e r s i t y  of Oklahoma) 

These s t u d i e s  have a s  a n  o b j e c t i v e  t h e  d e t e r m i n a t i o n  of  t h e  g a s e s  p r e s e n t  
d u r i n g  c r y s t a l l i z a t i o n  of  t h e  rocks .  A s t r o n g  p o s s i b i l i t y  e x i s t s  tha t  a geo- 
barometer  may be found ( u s i n g  t h e  m i n e r a l  q u a r t z )  t h a t  w i l l  a l l ow p r e s s u r e s  
p r e v a i l i n g  a t  v a r i o u s  times t o  be de te rmined .  
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C. 

15. Equa t ion  of  S t a t e  De te rmina t ions  (R. G. McQueen) 

The shock wave p h y s i c s  group a t  LASL is  engaged i n  measuring t h e  e q u a t i o n  
of s t a t e  of g e o p h y s i c a l  m a t e r i a l s  a t  h i g h  t e m p e r a t u r e s  and p r e s s u r e s :  r o c k s ,  
i r o n ,  m i n e r a l s ,  and i r o n  a l l o y s .  The e f f o r t  i s  pursued on bo th  t h e o r e t i c a l  
and e x p e r i m e n t a l  f r o n t s ,  and p r o v i d e s  c o n s t r a i n t s  f o r  m a t e r i a l  models of  t h e  
e a r t h ' s  i n t e r i o r .  Two-stage gun, r e f l e c t e d  shock ,  and r e l e a s e  i s e n t r o p e  
p rocedures  a r e  employed, complemented by h i g h - p r e c i s i o n  s t a t i c  x - r a y  measure- 
ments ,  and h i g h  p r e c i s i o n  u l t r a s o n i c  measurements;  t h e  l a t t e r  o b t a i n e d  th rough  
phase comparison i n t e r f e r o m e t e r  t e c h n i q u e s .  

16.  Chemical Analyses  of  Core Samples from Geothermal Well Holes (W. Laugh l in ,  
LASL; J .  Hus le r ,  U n i v e r s i t y  of  New Mexico) 

Whole rock  a n a l y s e s  a r e  be ing  conducted t o  p rov ide  base  i n f o r m a t i o n  f o r  rock -  
w a t e r  i n t e r a c t i o n  e x p e r i m e n t s .  T h i r t y - f i v e  a n a l y s e s  have been completed f o r  
wells GT-2 and EE-1 .  

Geochronology (W. Laugh l in  and s u b c o n t r a c t o r s )  

1. K - A r  S t u d i e s  t o  Determine T i m e s  of Metamorphism (R.  Forbes and D. Tu rne r ,  
U n i v e r s i t y  of Alaska) 

Argon l o s s  has  been demonstrated i n  t h e  deepe r  p o r t i o n s  of geo the rma l  wel l  
GT-2. T h i s  loss o c c u r r e d  i n  r e sponse  t o  t h e  1.1 t o  1 .4  Myr the rma l  p e r t u r b a t i o n  
t h a t  o c c u r r e d  i n  t h e  s u r r o u n d i n g  r e g i o n .  T h i s  t e c h n i q u e  i s  u s e f u l  i n  d a t i n g  
metamorphic e v e n t s .  

2. Rb-Sr S t u d i e s  t o  Determine Thermal H i s t o r i e s  and M i n e r a l i z a t i o n  Sources  
(D. Brookins ,  U n i v e r s i t y  of  New Mexico; W. Laugh l in ,  LASL) 

These s t u d i e s  a r e  b e i n g  employed t o  de t e rmine  age  of c r y s t a l l i z a t i o n ,  times 
of metamorphism and s o u r c e s  of  v e i n  m i n e r a l s  i n  t h e  Precambrian of t h e  DHR 
d r i l l i n g  s i t e ;  a l o c a l l y  d e r i v e d  s o u r c e  f o r  c a l c i t e  i n  f r a c t u r e s  h a s  been 
demons t r a t ed .  

3 .  F i s s i o n - T r a c k  S t u d i e s  (C. Naeser ,  USGS) 

These s t u d i e s  a r e  be ing  employed t o  de t e rmine  the rma l  h i s t o r i e s  and have 
markedly demons t r a t ed  t h e  1.1 t o  1 .4  Myr the rma l  p e r t u r b a t i o n  t h a t  occu r red  i n  
t h e  r e g i o n  o f  t h e  Fenton H i l l  Geothermal D r i l l i n g  S i t e .  

4 .  Z i r c o n  C r y s t a l  Metamorphic I n d i c a t o r s  (R.  A .  Heimlich,  Kent S t a t e  U n i v e r s i t y ,  
W .  Laughlin, LASL) 

The extreme r e s i s t a n c e  of z i r c o n  c r y s t a l s  t o  metamorphic e f f e c t s  c a n  be 
employed t o  i n f e r  pre-metamorphic c o n d i t i o n s  and souce m a t e r i a l  of  meta- 
morphic rock .  T h i s  s t u d y  i s  y i e l d i n g  i n f o r m a t i o n  r e g a r d i n g  t h e  g e o l o g i c  
h i s t o r y  of t h e  Fenton H i l l  Geothermal S i t e ;  
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D.  Resource Surveys ( T .  McGetchin, D. Janney,  G. Wecksung, A.  R i c e )  

Work i s  i n  p r o g r e s s  f o r  t h e  purpose of a s s i m i l a t i n g  a v a i l a b l e  s t a n d a r d  c a r t o -  
g r a p h i c  d a t a  and remote s e n s o r  d a t a  i n t o  a common geograph ic  frame f o r  t h e  purpose 
of t y p i f y i n g  g e o l o g i c  s t r u c t u r e s .  T h i s  work i s  r e l e v a n t  t o  any l a r g e  s c a l e  g e o l o g i c  
s u r v e y ,  whether  i t  be d i r e c t e d  t o  geothermal  r e s o u r c e s ,  c o n v e n t i o n a l  m e t a l l i c  
m i n e r a l  r e s o u r c e s ,  c o a l  r e s o u r c e s ,  uranium r e s o u r c e s ,  e t c .  

1. Conven t iona l  Cartography 

Much d a t a  of  i n t e r e s t  i s  c u r r e n t l y  a v a i l a b l e  from f e d e r a l  and s t a t e  a g e n c i e s ,  
o f t e n  i n  t h e  form of  m u l t i c o l o r e d  maps. We have a c a p a b i l i t y  f o r  c o l o r -  
s e p a r a t i n g  and d i g i t i z i n g  t h e s e  maps f o r  t h e  purpose of computer a n a l y s i s .  
Computer codes a r e  now be ing  w r i t t e n  which w i l l  p e r m i t  t h e s e  maps t o  be s u p e r -  
imposed w i t h  each o t h e r ,  w i t h  l and-use  maps, and w i t h  p o l i t i c a l  maps. The s u p e r -  
p o s i t i o n  may r e q u i r e  b o t h  s c a l i n g  and modest de fo rma t ion  i n  o r d e r  t o  overcome 
s c a l e  d i s t o r t i o n s  i n  i n d i v i d u a l  maps. 

2 .  ERTS Imagery 

Codes have been p repa red  f o r  r e a d i n g  ERTS image t a p e s  i n t o  t h e  LASL l i b r a r y  
of image p r o c e s s i n g  s u b r o u t i n e s .  With t h e s e  c o d e s ,  we have done p r i n c i p a l  
component a n a l y s e s  of  t h e  m u l t i - s p e c t r a l  ERTS images. F i r s t  i n d i c a t i o n s  a r e  
t h a t  t h e  r e s u l t i n g  images may show g e o l o g i c  s t r u c t u r e s  w i t h  g r e a t e r  c l a r i t y  
t h a n  d i d  t h e  o r i g i n a l  images. V e r i f i c a t i o n  w i l l  r e q u i r e  f i e l d  g e o l o g i c a l  s t u d i e s .  

A code o b t a i n e d  from Colorado S t a t e  U n i v e r s i t y  f o r  l and-use  a n a l y s i s  o f  ERTS 
images i s  now b e i n g  p repa red  f o r  use on t h e  LASL computers .  T h i s  a c t i v i t y  i s  
r e l e v a n t  t o  g e o l o g i c a l  s t u d i e s ,  f o r  l and  s u r f a c e  usage i s  impor t an t  i n  d e t e r m i n i n g  
t h e  a c t u a l  a v a i l a b i l i t y  of m i n e r a l  r e s o u r c e s  f o r  commercial  u t i l i z a t i o n .  

3 .  Data Base F o r m a t t i n g  

The abundance of  d a t a  from t h e s e  v a r i o u s  s o u r c e s  w i l l  be f o r m a t t e d  and p l aced  
i n  a d a t a  base  a t  LASL f o r  u s e  by g e o s c i e n t i s t s ,  ene rgy  p l a n n e r s ,  l a n d - u s e  
p l a n n e r s ,  e t c .  

E .  Igneous,  T e c t o n i c ,  and Heat T r a n s p o r t  P r o c e s s e s  

1. Modeling of  Vo lcan ic  Phenomena 

a .  S c a l e  Model o f  Vo lcan ic  Area of  I s l a n d  of Hawaii (R. Widdicombe, 
J .  Neudecker,  T. McGetchin) 

A s c a l e  model h a s  been c o n s t r u c t e d  of t h e  v o l c a n i c  t e r r a i n  f e a t u r e s  of 
t h e  I s l a n d  of  Hawaii. Experiments  a r e  b e i n g  c a r r i e d  o u t  t o  s t u d y  t h e  l a v a  
flow p a t t e r n  of e r u p t i o n s  from a c t i v e  v e n t  l o c a t i o n s ,  p a r t i c u l a r l y  w i t h  
r e g a r d  t o  p o s s i b l e  h a z a r d s  t o  t h e  c i t y  of H i l o ,  Hawaii and i t s  e n v i r o n s .  
The e f f e c t i v e n e s s  of  l a v a  b a r r i c a d e s  on t h e  approaches t o  H i l o  w i l l  be 
examined, and o p t i o n s  a s  t o  b a r r i c a d e  l o c a t i o n s  w i l l  be i n v e s t i g a t e d .  
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b.  S i m i l i t u d e  R e l a t i o n s h i p s  i n  Lava Modeling Experiments 
(J. Neudecker, T. McGetchin) 

The e f f e c t i v e n e s s  of s c a l e  model s t u d i e s  of v o l c a n i c  l ava  flows i s  
dependent  upon unde r s t and ing  and e s t a b l i s h i n g  v a l i d  s i m i l i t u d e  r e l a t i o n -  
s h i p s  between t h e  l a v a  flow and t h e  l a b o r a t o r y  models. Work h a s  been 
i n i t i a t e d  t o  examine t h e  govern ing  hydrodynamic, thermodynamic, and 
g e o l o g i c a l  e q u a t i o n s  of l ava  flow and t o  deve lop  v a l i d  s i m i l a r i t y  
r e l a t i o n s h i p s  between t h e  lava flow and t h e  l a b o r a t o r y  model m a t e r i a l s  
such a s  how m e l t i n g  p o i n t  waxes and modeled t e r r a i n  f e a t u r e s .  

2 .  Thermal H i s t o r y  of P lu tons  (U. N i t s a n ,  C .  Ko l s t ad ,  T .  McGetchin) 

A s t u d y  i s  be ing  i n i t i a t e d  of t h e  c o o l i n g  h i s t o r y  of sha l low p l u t o n s .  
C a l c u l a t i o n  p rocedures  a r e , e x p l o r e d  f o r  r e a l i s t i c a l l y  modeling t h e  v a r i o u s  
igneous  p r o c e s s e s  i n  and n e a r  t h e  p l u t o n ,  such a s  emplacement, c o n v e c t i o n ,  
c r y s t a l l i z a t i o n  and i n t e r a c t i o n  w i t h  t h e  p l u t o n ' s  envi ronment .  T h i s  
i n v e s t i g a t i o n  w i l l  emphasize t h e  changes w i t h  t i m e  of t h e  the rma l  regime 
i n  t h e  c r u s t a l  l a y e r s  o v e r l y i n g  t h e  p lu ton  i n  a n  e f f o r t  t o  de t e rmine  t h e  
p o t e n t i a l  f o r  geothermal  energy  p roduc t ion .  

3 .  Thermal S t r e s s  a s  a Major T e c t o n i c  Force (A. R ice )  

Due t o  d imens ions  and t empera tu re  d i f f e r e n c e s  i n h e r e n t  i n  e a r t h  dynamic 
models,  t he rma l  s t r e s s e s  w e l l  above y i e l d  s t r e n g t h s  a r e  a v a i l a b l e  f o r  t h e  
e a r t h ' s  c r u s t .  S ince  o t h e r  p o s s i b l e  s t r e s s  mechanisms such  a s  s h e a r  from 
man t l e  c o n v e c t i o n  a r e  c o n s i d e r a b l y  below y i e l d  s t r e n g t h ,  t empera tu re  v a r i a t i o n s  
i n  t h e  c r u s t  may govern  t h e  t e c t o n i c  upheavals  which expose o r e  d e p o s i t s ,  e t c .  
T h e o r e t i c a l  and expe r imen ta l  modeling of t h e  r e sponse  of c r u s t a l  m a t e r i a l  t o  
t he rma l  s t r e s s e s  a r e  be ing  developed .  

4 .  Nonl inear  I n s t a b i l i t i e s  i n  Geophysical Phenomena ( A .  Rice )  

Exp los ive  volcanism and d i a t r e m e  development t h e o r e t i c a l l y  proceeds  a s  a 
t he rma l  runaway mechanism i n  geophys ica l  t r a n s p o r t  p r o c e s s e s .  I n s t a b i l i t i e s  
of t h i s  n a t u r e  a r e  r e l a t e d  phenomenologically t o  t h e  t r a n s i t i o n  from laminar  
f low,  and may occur  p e r i o d i c a l l y  i n  massive mant le  convec t ion .  In fo rma t ion  
on c o n d i t i o n s  f o r  t h e s e  i n s t a b i l i t i e s  and t h e i r  m a n i f e s t a t i o n s  is be ing  
expanded. 

5 .  Geologic  M a n i f e s t a t i o n s  of Mant le  Convect ion  ( A .  R i c e )  

LASL's s t r e n g t h  i n  computa t iona l  hydrodynamics make n a t u r a l  t h e  e x p l o r a t i o n  
of mant le  convec t ion  a s  a p o t e n t i a l  d r i v i n g  f o r c e  of t e c t o n i c  mechanisms. To 
r a t i o n a l l y  gu ide  such  a n  e f f o r t ,  g e o l o g i c  c o n s t r a i n t s  a r e  be ing  examined i n  
o r d e r  t o  r e l a t e  f i e l d  o b s e r v a t i o n s  w i t h  t h e o r e t i c a l  and l a b o r a t o r y  convec t ion  
p r o c e s s e s .  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  p o s s i b l e  r a f t i n g  of t h e  North 
American c o n t i n e n t  over t h e  Eas t  P a c i f i c  R i s e  w i t h  p o t e n t i a l l y  a t t e n d a n t  
development of Basin and Range f e a t u r e s .  
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6. The E f f e c t  of S c a t t e r i n g  on R a d i a t i v e  Heat T r a n s f e r  i n  t h e  E a r t h ' s  
Mant le  (U. N i t s a n )  

P rev ious  c a l c u l a t i o n s  of  t h e  e f f e c t i v e  the rma l  c o n d u c t i v i t y  due t o  r a d i a t i v e  
h e a t  t r a n s f e r  i n  E a r t h  materials n e g l e c t e d  s c a t t e r i n g  of r a d i a t i o n .  
underway t o  examine i f ,  and under  what c o n d i t i o n s ,  t h e  e f f e c t  of s c a t t e r i n g  i s  
i m p o r t a n t .  The s t u d y  i n c l u d e s  ( a )  a d e t e r m i n a t i o n ,  by a combination of  measure- 
ments and t h e o r e t i c a l  c a l c u l a t i o n s ,  of t h e  s c a t t e r i n g  c o e f f i c i e n t  and phase  
f u n c t i o n  of  man t l e  r o c k s ,  and  (b )  c a l c u l a t i o n s  of t h e  r a d i a t i v e  h e a t  t r a n s f e r  
by s o l v i n g  t h e  e q u a t i o n  o f  t r a n s f e r  i n  t h e  d i f f u s i o n  (Rosse land)  approximat ion  
us ing  t h e  parameters  o b t a i n e d  i n  ( a ) .  

Work i s  

P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  t h e  dominant s c a t t e r i n g  mechanism i n  
man t l e  rocks  i s  r e f l e c t i o n  and  r e f r a c t i o n  of I R  r a d i a t i o n  by g r a i n  boundar i e s  
and t h a t  t h e  i n t e n s i t y  of  t h e  s c a t t e r e d  r a d i a t i o n  i s  s t r o n g l y  peaked i n  t h e  
forward  d i r e c t i o n .  

7 .  Mechanics of Caldera  and Ash Forming Erup t ions  (T. McGetchin) 

Numerical computa t ions  of steam charged magma assuming i s e n t r o p i c  shock t u b e  
flow i n  t h e  v e n t  a r e  y i e l d i n g  shock p ropaga t ion  pa rame te r s ,  p a r t i c u l e  pa ths  and 
v e l o c i t i e s  ( f o r  a s h ) ,  gas  t e m p e r a t u r e s ,  e t c . ,  over  a wide range  of g iven  
c o n d i t i o n s .  

F. Rock Mechanics 

1. F r a c t u r e  S t u d i e s  (G.  Simmons, MIT; A .  Eddy, W .  Laugh l in ,  LASL) 

De te rmina t ions  a r e  be ing  made of t h e  amount, t ype  and t iming  of m i c r o f r a c t u r e s  
i n  Precambr ian  r o c k s  t a k e n  from c o r e s  of geothermal  wells GT-2 and E E - 1  i n  o r d e r  
t o  a s s e s s  t h e  impermeab i l i t y  t o  f l u i d  l o s s  and m i n e r a l  d i s s o l u t i o n  of t h e  geo- 
thermal  r e s e r v o i r  a t  t h e s e  s i t e s .  

2 .  Paleomagnetic S t u d i e s  (R.  Dubois, U n i v e r s i t y  of Oklahoma; W .  Laugh l in ,  LASL) 

Core o r i e n t a t i o n ,  hence o r i e n t a t i o n  of p l a n a r  f e a t u r e s  such  a s  f o l i a t i o n ,  
v e i n s ,  and f r a c t u r e s  ( h y d r a u l i c  o r  o t h e r w i s e )  i s  be ing  a t t empted  by pa leo -  
magnetic measurements. 

3 .  Hydraul ic  F r a c t u r e  D e t e c t i o n  and D e f i n i t i o n  ( R .  P o t t e r ,  L. Aamodt, 
J .  A l b r i g h t )  

An impor t an t  o b j e c t i v e  of t h e  L o s  Alamos DHR p r o j e c t  i s  t h e  c h a r a c t e r i z a t i o n  
of h y d r a u l i c  f r a c t u r e s  u s i n g  n e a r  f i e l d  mon i to r ing  of mic rose i smic  e v e n t s  
a s s o c i a t e d  w i t h  f r a c t u r e  i n i t i a t i o n  and e x t e n s i o n .  A t  p r e s e n t ,  a s i n g l e  s t a t i o n ,  
three-component downhole geophone system i s  p rov id ing  b a s i c  d a t a  on a h y d r a u l i c  
f r a c t u r e  c r e a t e d  a t  3 km dep th  i n  c r y s t a l l i n e  rock ,  f o r  f requency  and time domain 
s t u d i e s  concern ing  s o u r c e  l o c a t i o n - - t h e r e b y  f r a c t u r e  d imens ion  and o r i e n t a t i o n - -  
and source  mechanism. 
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Thermal Regime i n  G l a c i e r s  and I c e  S h e e t s  (U.  N i t s a n )  

S u c c e s s i v e l y  more r e a l i s t i c  models a r e  b e i n g  used t o  c a l c u l a t e  t h e  the rma l  and 
flow regime i n  g l a c i e r s  and i c e  s h e e t s .  The models i n c l u d e  c o n d u c t i o n ,  c o n v e c t i o n  
and v i s c o u s  h e a t  g e n e r a t i o n  w i t h i n  t h e  ice body a s  w e l l  a s  t h e  e f f e c t s  of  s u r f a c e  
t e m p e r a t u r e ,  accumula t ion  r a t e  and geothermal  h e a t  f l u x  a t  t h e  bed. An e x t e n s i o n  
of t h i s  work i s  planned f o r  t empera t e  g l a c i e r s  and f o r  c a s e s  i n  which t h e  bed 
t empera tu re  r e a c h e s  t h e  p r e s s u r e  m e l t i n g  p o i n t  i n  a n  e f f o r t  t o  de t e rmine  more 
a c c u r a t e l y  t h e  c o n d i t i o n s  f o r  t he rma l  i n s t a b i l i t y  and t o  model t h e  development of 
a n  i n s t a b i l i t y  a f t e r  it i s  i n i t i a t e d .  The r e s u l t s  of t h e s e  c a l c u l a t i o n s  w i l l  be 
compared t o  o b s e r v a t i o n s  of g l a c i e r s  i n  a n  a t t e m p t  t o  de t e rmine  t h e  r e l e v a n c e  of  
t he rma l  i n s t a b i l i t y  t o  s u r g e s  i n  g l a c i e r s  and t o  t h e  r a p i d  d i s i n t e g r a t i o n  of  
c o n t i n e n t a l  i c e  s h e e t s .  

F i e l d  I n v e s t i g a t i o n s  

1. 

2. 

3 .  

Sou the rn  Cascades (J. E i c h e l b e r g e r ,  G. Heiken, T. McGetchin) 

Geology, geophys ic s  , geochemistry and p e t r o l o g y  i n v e s t i g a t i o n s  of t h e  
Sou the rn  Cascades i s  be ing  unde r t aken  i n  a c o o r d i n a t e d ,  5 - y e a r  program. T h i s  
r e g i o n  h a s  e x c e l l e n t  geothermal  p o t e n t i a l  and i s  a c l a s s i c  r e p r e s e n t a t i v e  of 
p l a t e  t e c t o n i c  dynamics,  a m a n i f e s t a t i o n  of which i s  c i r c u m - P a c i f i c  a n d e s i t e  
volcanism.  

M t .  Baker Volcanic  A c t i v i t y  (J. E i c h e l b e r g e r ,  G .  Heiken, R .  Widdicombe, LASL; 
D. Wright ,  J. Keady, D.  Cobb, E G G )  

Recent i n c r e a s e d  fumarole  a c t i v i t y  on M t .  Baker p r o v i d e s  t h e  o p p o r t u n i t y  t o  
expand c o n s i d e r a b l y  r a t h e r  s c a n t y  i n f o r m a t i o n  on v o l c a n i c  p r o c e s s e s  i n  t h e  
Cascade Range. Pho tograph ic  mon i to r ing  of a c t i v i t y  i n  c o n j u n c t i o n  w i t h  I R  o v e r -  
f l i g h t s  and g a s -  and rock-sampling a r e  be ing  c a r r i e d  o u t .  T h i s  e f f o r t  a l s o  
s e r v e s  t o  a l e r t  f o r  g e o l o g i c  haza rds  such a s  i n t e n s e  e r u p t i o n .  

Hawaiian Vo lcan ic  A c c i v i t y  (T. McGetchin, J .  E i c h e l b e r g e r ,  R .  Gooley, 
G.  Heiken) 

F u l l  scale o b s e r v a t i o n a l  e f f o r t s  w i l l  be launched i f  t h e r e  a r e  s i g n i f i c a n t  
b a s a l t  e r u p t i o n s .  F i e l d  d a t a  w i l l  be c o l l e c t e d  on the p h y s i c a l  p r o p e r t i e s  and 
gas compos i t ions  of  t h e  l a v a s  and t e p h r a  and t h e  e r u p t i o n  phenomena. 
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I. Seismology 

1. Reg iona l  Network (K.  Olsen,  D. Cash, E .  Homuth, J .  S t e w a r t ,  T .  Handel, 
C .  Newton, R .  B r i d w e l l ,  C. Edwards, W. Meadows) 

An a r r a y  of  t h i r t e e n  s h o r t  pe r iod  v e r t i c a l  component s e i s m i c  s t a t i o n s  i n  
n o r t h e r n  N e w  Mexico i s  c o n t i n u o u s l y  r eco rded .  S e v e r a l  s t a t i o n s  have h o r i z o n t a l  
component i n s t r u m e n t s  bu t  n o t  a l l  c a n  be t e l e m e t e r e d  t o  t h e  r e c o r d i n g  s t a t i o n  
i n  Los Alamos. The f i l m  and paper seismograms a r e  r e a d  d a i l y  f o r  t h e  purpose 
of i d e n t i f y i n g  t h e  seismic s o u r c e .  A c a t a l o g  of l o c a l  and n e a r  r e g i o n a l  e a r t h -  
quakes is  ma in ta ined  and t h e s e  d a t a  a r e  used t o  c a l c u l a t e  t h e  s e i s m i c i t y  around 
Los Alamos. 

2 .  P o r t a b l e  S e i s m i c  Recording (K.  Olsen,  D. Cash, E.  Homuth, J .  S t e w a r t ,  
T .  Handel,  C .  Newton) 

F i v e  smoked paper  r e c o r d e r s  and one ana log  14-channel  t a p e  r e c o r d e r  a r e  used 

Data from t h e s e  5 24-hour seismograms a r e  
a s  needed t o  r e c o r d  e x p l o s i o n s ,  background n o i s e  l e v e l s ,  mic roea r thquake  
a c t i v i t y ,  and ea r thquake  a f t e r s h o c k s .  
used t o  de t e rmine  s e i s m i c  v e l o c i t i e s ,  s u i t a b i l i t y  of s i t e s  f o r  l o c a t i n g  network 
s t a t i o n s ,  s e i s m i c i t y ,  and e a r t h q u a k e  f a u l t  zones.  

3 .  Geothermal Experiment Moni to r ing  Network ( K .  O l s e n ,  E .  Homuth, J. S t e w a r t ,  
T .  Handel,  C .  Newton, R.  B r i d w e l l ,  C .  Edwards, W. Meadows) 

A s p e c i a l  narrow a p e r t u r e  s e i s m i c  a r r a y  was o p e r a t e d  d u r i n g  h y d r a u l i c  
f r a c t u r i n g  phases  of t h e  Hot Dry Rock Geothermal Demonstrat ion a t  LASL (Group 
4 - 2 2 ) .  When t h a t  phase t e r m i n a t e d  t e m p o r a r i l y  two of  t h e  s t a t i o n s  were made 
a p a r t  o f  t h e  r e g i o n a l  network. 

4 .  T i l tmeter  I n s t r u m e n t a t i o n  ( E .  Homuth, W .  Johnson, J.  M a r t i n )  

A low c o s t ,  l ong  b a s e l i n e  ( approx ima te ly  15 m e t e r s )  t i l t m e t e r  w i t h  
a s e n s i t i v i t y  ne:zr;:''2 r a d i a n s  h a s  been des igned  and b u i l t .  A f t e r  a s u i t a b l e  
p e r i o d  of  t e s t i n g  and adjusment  (now i n  p r o g r e s s ) ,  o t h e r s  w i l l  be b u i l t  and 
i n s t a l l e d  i n  a r e a s  of  s u s p e c t e d  t e c t o n i c  c r e e p  ( e . g . ,  a l o n g  t h e  Rio Grande R i f t  
and around t h e  V a l l e s  C a l d e r a ) .  

5. T r i g g e r e d  D i g i t a l  S e i s m i c  Tape Recorder  (MPRC--Micro Powered D i g i t a l  R e c o r d e r ) ,  
(E. Homuth, F. Honey, J. H o l l i n r a k e )  

A s m a l l ,  low power, d i g i t a l  t a p e  r e c o r d e r  has  been des igned  t o  r e c o r d  seismic 
ground motion when t r i g g e r e d  by t h e  f i r s t  a r r i v a l  of  s e i s m i c  ene rgy .  A p r o t o t y p e  
i s  n e a r l y  complete  and f i e l d  t e s t i n g  i n  mic roea r thquake  a r e a s  i s  expec ted  t o  be 
done l a t e r  t h i s  y e a r .  T h i s  u n i t ,  w i t h  a more s e n s i t i v e  t r a n s d u c e r ,  was adap ted  
from s i m i l a r  u n i t s  b e i n g  developed f o r  r e c o r d i n g  s t r o n g  ground motions w i t h i n  
approx ima te ly  2 km of  underground n u c l e a r  t es t s  a t  t h e  Nevada test  s i t e .  

6 .  V e l o c i t y  Modeling (D. Cash, R .  B r i d w e l l ,  C .  Newton) 

T r a v e l  time and ampl i tude  d a t a  a r e  b e i n g  used t o  i n f e r  models o f  c r u s t  and 
upper man t l e  s e i s m i c  v e l o c i t i e s  and d e n s i t i e s  around n o r t h  c e n t r a l  New Mexico. 
A n a l y t i c a l  t e c h n i q u e s  i n c l u d e  i n v e r s i o n  of r e f r a c t i o n  p r o f i l e  and teleseismic 
a r r i v a l  t i m e  d a t a  and s y n t h e s i z i n g  seismograms u s i n g  g e n e r a l i z e d  r a y  t h e o r y .  
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7.  Ear thquake Source Mechanisms ( K .  Olsen,  D.  Cash, E .  Homuth, C .  Newton) 

Composite f i r s t  motion d a t a  and a f t e r s h o c k  l o c a t i o n s  w i l l  be used (when 
s u f f i c i e n t  d a t a  a r e  accumulated)  t o  de t e rmine  f a u l t  p l a n e s  and s l i p  v e c t o r s  
f o r  e a r t h q u a k e s  around n o r t h c e n t r a l  New Mexico. 

J.  P o t e n t i a l  F i e l d  Methods of E x p l o r a t i o n  

1. Magnetometer Surveys 

S u r f a c e  r eco rded  magnetometer su rveys  i n  a r e a s  of  t e c t o n i c  f a u l t i n g  and 
Cenzoic vo lcan i sm w i l l  be i n i t i a t e d  when t h e  more u rgen t  r equ i r emen t s  of t h e  
seismology programs a r e  s a t i s f i e d .  

2 .  Gravimeter  Surveys (D.  Cash, R .  B r i d w e l l )  

A low l e v e l  of  e f f o r t  i s  c u r r e n t l y  d i r e c t e d  toward i n t e r p r e t a t i o n  of 
g r a v i t y  d a t a .  Data p r e s e n t l y  under i n v e s t i g a t i o n  i s  l a r g e l y  from t h e  Nevada 
T e s t  S i t e ,  b u t  f u t u r e  p l a n s  i n c l u d e  t h e  purchase of a g r a v i m e t e r  t o  a s s i s t  i n  
t h e  i n t e r p r e t a t i o n  of c r u s t a l  s t r u c t u r e  i n  n o r t h  c e n t r a l  N e w  Mexico. 

3 .  S e i s m i c  R e f l e c t i o n  Surveys ( K .  O l sen ,  D. Cash, C .  Newton, C .  Edwards, 
T .  Weaver) 

S p e c i f i c a t i o n s  a r e  be ing  developed f o r  s e v e r a l  d e t a i l e d  sha l low (5 3 km) 
s e i s m i c  r e f l e c t i o n  p r o f i l e s  t o  be  c a r r i e d  o u t  a t  t h e  NTS u s i n g  t h e  most modern 
equipment and d i g i t a l  d a t a  p r o c e s s i n g  t e c h n i q u e s  now provided by commercial  geo- 
p h y s i c a l  e x p l o r a t i o n  companies.  In a d d i t i o n  t o  t h e  d a t a  a c q u i r e d  f o r  t e s t  s i t e  
a p p l i c a t i o n s ,  t h e  e x p e r i e n c e  w i l l  be used t o  a s s e s s  t h e  s u i t a b i l i t y  and p o t e n t i a l  
u s e f u l n e s s  of such  t e c h n i q u e s  f o r  c r u s t a l  e x p l o r a t i o n  i n  t h e  v i c i n i t y  of 
Los Alamos. 

K. Regional  T e c t o n i c  A n a l y s i s  of  Rio Grande R i f t  (R. Br idwe l l )  

A program i s  underway t o  i n t e g r a t e  g e o l o g i c a l ,  g e o p h y s i c a l ,  and geothermal  d a t a  
on t h e  r e g i o n a l  s c a l e .  To d a t e ,  one review paper has  d e l i n e a t e d  t h a t  t h e  Rio Grande 
R i f t  has  h i g h  h e a t  f low,  a moderate l e v e l  of s e i s m i c i t y ,  h i g h  e l e c t r i c a l  c o n d u c t i v i t y ,  
r e l a t i v e l y  young . c o n t i n e n t a l  and,  t o  a lesser  d e g r e e ,  o c e a n i c  b a s a l t i c  vo lcan i sm,  
and concomitant  t ec ton i sm.  These f e a t u r e s  a r e  i n t e r p r e t e d  a s  r e p r e s e n t i n g  a t h i n n e d  
c r u s t  and anomalous upper mant le  i n t r u d e d  below t h e  R i f t  a s  a man t l e  upwarp. 

1. Mechanical  A n a l y s i s  of S t r e s s  (R. J. B r i d w e l l )  

F i n i t e  e lement  models of t h e  e f f e c t s  of  man t l e  upwarps, deduced from 
r e g i o n a l  d a t a ,  have been e v a l u a t e d  t o  a s c e r t a i n  r e l a t i v e  r a t e s  of u p l i f t  due 
t o  buoyancy. 

2 .  Thermal Models of  Rio Grande R i f t  (R.  J.  B r i d w e l l )  

A t h e r m o e l a s t i c  f i n i t e  e lement  code h a s  been used t o  p r e d i c t  r e g i o n a l  
t e m p e r a t u r e  d e p t h  d i s t r i b u t i o n s  from measured s u r f a c e  h e a t  f low.  S t r u c t u r e s  
f o r  t h i s  model a r e  deduced from r e g i o n a l  s t r u c t u r a l  geology and s e i s m i c  
r e f r a c t i o n  p r o f i l e s ,  new l o c a l  r e f r a c t i o n  d a t a ,  and g r a v i t y  i n t e r p r e t a t i o n s  
o f  t h e  shape of t h e  l o c a l  r i f t  v a l l e y s .  P r e l i m i n a r y  r e s u l t s  appea r  t o  be i n  
acco rd  w i t h  s t u d i e s  o f  o t h e r s .  
t h e  r e g i o n a l  t e c t o n i c  i m p l i c a t i o n s  of t he rma l  models.  

S e v e r a l  a b s t r a c t s  have been p repa red  d i s c u s s i n g  
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L. T h e o r e t i c a l  Source Mechanism S t u d i e s  (R.  B r i d w e l l ,  G .  F r a z i e r )  

Three d imens iona l  wave p ropaga t ion  models,  u s i n g  a dynamic f i n i t e  element code 
developed by F r a z i e r ,  have been s imula t ed  t o  e v a l u a t e  s y n t h e t i c  seismograms, d i s -  
placement,  and v e l o c i t y  f i e l d s  produced d u r i n g  f a u l t  r u p t u r e  and p ropaga t ion  wi th  
a t t e n d a n t  s t ress  drop .  

M. Modeling of Geothermal Systems 

1. 

2 .  

3 .  

Model Geothermal System (L. B l a t z ,  C .  Ho l l ey ,  G. T e s t e r )  

. A dynamic sys tem has  been des igned  and is  p r e s e n t l y  n e a r i n g  comple t ion  t o  
e v a l u a t e  t h e  r a t e  of rock  s o l u t i o n  i n  supe rhea ted  wa te r  and t h e  r a t e  of 
r e d e p o s i t i o n  of  d i s s o l v e d  rock  components on t h e  w a l l s  of a h e a t  exchanger .  

S t a t i c  High Temperature,  High Pressure Bomb Experiments (L. B l a t z ,  C .  Hol ley)  

A s e r i e s  of s t a t i c  bomb measurements i n  t h e  t empera tu re  range 200-300°C 
have been i n i t i a t e d  t o  de te rmine  t h e  s o l u b i l i t y  of pure S i 0 2  i n  water  and t h e  
e f f e c t  of added o x i d i z i n g  and r educ ing  a g e n t s .  

Thermodynamic Modeling of Geochemical Systems (C.  C.  He r r i ck )  

Modeling i s  be ing  a p p l i e d  t o  two t y p e s  of  rock-water  i n t e r a c t i o n s .  The 
f i r s t  t y p e ,  which occur s  on a r e l a t i v e l y  b r i e f  t i m e  s c a l e ,  is  concerned w i t h  
t h e  sequence of r e a c t i o n s  a t  t h e  r o c k - s o l u t i o n  i n t e r f a c e ,  e . g . ,  i n  t h e ' H o t  
Dry Rock exper iment .  The second t y p e ,  which o c c u r s  on a g e o l o g i c  t i m e  s c a l e  
and w i t h i n  a r o c k ,  i s  t y p i c a l  of metasomatic p rocesses  such  a s  o r e  d e p o s i t i o n .  
Both models s i m u l a t e  t ime-dependent p r o c e s s e s  and a r e  c o n t i n u a l l y  s u b j e c t  t o  
improvement a s  new thermodynamic d a t a  f o r  s o l i d  and aqueous phases appea r ,  
t h e  e q u a t i o n  of s t a t e  f o r  wa te r  i s  r e v i s e d ,  and t h e  numer i ca l  t echn iques  a r e  
e x p l o i t e d  f o r  optimum program performance. 

T e s t i n g  o f  t h e  model p r e d i c t i o n s  f o r  t h e  f i r s t  t ype  of rock-water  i n t e r -  
a c t i o n  has  been done a t  LASL by s i n g l e  m i n e r a l  a l t e r n a t i o n  of a l b i t e  i n  a s t a t i c  
system. The o b j e c t i v e  i s  t o  test model p r e d i c t i o n s  a g a i n s t  expe r imen t s  on 
s i m p l e  sys tems,  t o  p rov ide  t h e  b a s i s  f o r  computer c a l c u l a t i o n s  f o r  complex 
p o l y m i n e r a l i c  sys tems f o r  which expe r imen t s  a r e  i m p r a c t i c a l .  
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Pe r son  i n  Charge: R. E. Mesmer 

Scope of Work 

The o b j e c t i v e  of  t h i s  program i s  t o  p rov ide  b a s i c  p h y s i c a l  chemical  i n f o r m a t i o n  of  
s e v e r a l  k i n d s  on geothermal  s o l u t i o n s  i n  suppor t  of  t h e  governmental ,  i n d u s t r i a l  and 
academic e f f o r t s  t o  h a r n e s s  geothermal  energy from t h e  v a r i o u s  s o u r c e s  encoun te red  i n  t h e  
Western U . S .  S p e c i f i c a l l y  w e  conduct  p o t e n t i o m e t r i c ,  i s o p i e s t i c ,  conduc tance ,  c a l o r i -  
m e t r i c ,  l i g h t  s c a t t e r i n g  and t h e o r e t i c a l  modeling s t u d i e s  a s  t h e  l e v e l  of  funding p e r m i t s  
on t h e  p r o p e r t i e s  of t h e  b r i n e s  and t h e i r  i n t e r a c t i o n s  w i t h  m i n e r a l s  which occur  most 
prominent ly .  Among t h e  homogeneous e q u i l i b r i a  upon which t h i s  program f o c u s e s  a r e  t h e  
i o n i z a t i o n  of w a t e r  i n  b r i n e s ,  t h e  i o n i z a t i o n  of s i l i c i c  a c i d  and p o l y s i l i c a t e  e q u i l i b r i a ,  
f l u o r o s i l i c a t e  e q u i l i b r i a ,  c a r b o n a t e  i o n i z a t i o n  e q u i l i b r i a  a s  w e l l  a s  h y d r o l y s i s  
r e a c t i o n s ,  p a r t i c u l a r l y  of  magnesium and ca l c ium i o n s ,  and t h e  a s s o c i a t i o n  of c h l o r i d e  
w i t h  m e t a l  i o n s .  Heterogeneous systems of dominant importance w i l l  be i n v e s t i g a t e d  
commencing w i t h  t h e  pH dependence and s a l t  e f f e c t  on t h e  s o l u b i l i t y  of q u a r t z  w i t h  l a t e r  
expans ion  t o  o t h e r  s i l i c a t e  systems.  The program would a l s o  i n c l u d e  c a l b r i m e t r i c  s t u d i e s  
on t h e  h e a t s  of  s o l u t i o n s  of s a l t s  and h e a t s  of  r e a c t i o n s  i n  s o l u t i o n  a t  h i g h  t e m p e r a t u r e s  
u s i n g  a f l o w i n g - s o l u t i o n  concep t  i n c o r p o r a t i n g  a C a l v e t  h e a t - f l o w  c a l o r i m e t e r .  The 
s i m p l i f i e d  models deve lop ing  i n  o t h e r  ORNL programs f o r  c a l c u l a t i o n  of  a c t i v i t y  and 
osmot i c  c o e f f i c i e n t s  i n  mixed s a l t  s o l u t i o n s  a r e  being a p p l i e d  p a r t i c u l a r l y  t o  t h e  
c o n c e n t r a t e d  b r i n e s  found i n  t h e  I m p e r i a l  V a l l e y .  

C a p a c i t y  f o r  p o t e n t i o m e t r i c  measurement o f  pH a t  t empera tu res  t o  3 O O 0 C  i s  a v a i l a b l e  
a s  a r e s u l t  of  p r e v i o u s  AEC programs, T h i s  equipment ,  a s  w e l l  a s  t h e  t e c h n i q u e s ,  r e q u i r e  
some m o d i f i c a t i o n  f o r  he t e rogeneous  e q u i l i b r i a .  The conductance equipment c a p a b l e  of  
making measurements i n  n e u t r a l  o r  a c i d i c  s o l u t i o n s  a t  t empera tu res  t o  8OO0C and 4000 b a r s  
c a n  be  a p p l i e d  w i t h o u t  a p p r e c i a b l e  m o d i f i c a t i o n .  I s o p i e s t i c  appa ra tus  which was developed 
o v e r  t h e  l a s t  20 y e a r s  a t  ORNL f o r  measurements a t  t empera tu res  t o  abou t  200°C have been 
r e a c t i v a t e d .  T h i s  i s o p i e s t i c  program r e q u i r e s  p r e c i s e  measurements i n  s o l u t i o n s  more 
d i l u t e  t h a n  p r e v i o u s l y  s t u d i e d  t h u s  more s e v e r e l y  t e s t i n g  t h e  u n i f o r m i t y  of t empera tu re  
c o n t r o l  and t h e  p r e c i s i o n  of  weighing.  

A .  I o n i z a t i o n  of Water i n  NaCl S o l u t i o n s  t o  3OO0C (R. E .  Mesmer, R. H. Busey) 

Because t h e  i o n i z a t i o n  of w a t e r  was p r e v i o u s l y  e x t e n s i v e l y  determined o n l y  i n  K C 1  
media a t  h i g h  t e m p e r a t u r e s ,  w e  i n i t i a t e d  o u r  geothermal  program w i t h  a few expe r imen t s  
t o  de t e rmine  t h e  s a l t  e f f e c t  i n  NaCl med ia - - tha t  most r e l e v a n t  t o  geothermal  w a t e r s .  
Measurements i n  1 m and 3 m NaCl were made from 5OoC t o  3OO0C i n  t h e  s t i r r e d  hydrogen 
e l e c t r o d e  c o n c e n t r a t i o n  c e l l .  The d i f f e r e n t  ( l o g  Qw)NaC1- ( l o g  Qw) K C 1  v a r i e s  from 
abou t  0.01 a t  50° t o  about  0.09 (1-1 m) and abou t  0.16 ( I=3  m) a t  30OoC. These d a t a  
i n  NaCl c a n  be f i t t e d  w i t h i n  twice t h e  e s t i m a t e d  s t a n d a r d  e r r o r  w i t h  a n  e x p r e s s i o n  of  
t h e  Bronsted-Guggenheim t y p e  where t h e  i n t e r a c t i o n  c o e f f i c i e n t  var i 'es  w i t h  tempera- 
t u r e  and i o n i c  s t r e n g t h  a s  a f o u r  parameter  f u n c t i o n .  T h i s  impor t an t  e q u i l i b r i u m  
r e a c t i o n  i s  now we l l  determined under t h e  c o n d i t i o n s  encoun te red  i n  many geochemical 
and o t h e r  p r a c t i c a l  systems a t  t e m p e r a t u r e s  t o  3OO0C and t h e  e f f e c t , o f  s a l t  concen- 
t r a t i o n  can  be e x t r a p o l a t e d  w i t h  u s e f u l  accu racy  t o  n e a r  s a t u r a t i o n .  
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B .  I o n i z a t i o n  and Po lymer i za t ion  of  S i l i c i c  Acid (R. E .  Mesmer, R. H. Busey) 

Equ i l ib r ium d a t a  on S i ( IV)  i n  s o l u t i o n  i s  needed because  of t h e  r e l a t i v e l y  h i g h  
c o n c e n t r a t i o n s  sometimes encoun te red  i n  n a t u r a l  b r i n e s  and t h e  prominence of s i l i c a t e  
chemis t ry  i n  geothermal  and geochemical  sys tems.  
behav io r  of d i s s o l v e d  s i l i c a  i s  v e r y  complex a t  low t empera tu res  and from our  
o b s e r v a t i o n s  s i m p l e r  a t  t empera tu res  g r e a t e r  t h a n  15OoC. 
a n i o n i c  polymers occur  i n  s o l u t i o n s  of  moderate  Si(V) c o n c e n t r a t i o n s  bu t  i n  r e l a t i v e l y  
b a s i c  s o l u t i o n s  s m a l l e r  species occur ,  p r i n c i p a l l y  SiO(0H); and probably  Si406(OH)62-. 
From p o t e n t i o m e t r i c  measurements cove r ing  broad v a r i a t i o n s  of  composi t ion ,  e q u i l i b r i u m  
i n f o r m a t i o n  on t h e s e  s p e c i e s  i s  b e i n g  ob ta ined .  T i t r a t i o n  exper iments  on s o l u t i o n s  
of  0.005 t o  0.05m i n  Si(1V) have been c a r r i e d  o u t  from 6OoC t o  2OO0C i n  1 m NaCl i n  
a hydrogen e l e c t r o d e  c o n c e n t r a t i o n  c e l l .  C.onditions where p r e c i p i t a t i o n  occur s  
were obse rved ,  and t h e  d a t a  w i l l  u l t i m a t e l y  be i n t e r p r e t e d  i n  terms of t h e  species 
p r e s e n t .  
i o n i z a t i o n  e q u i l i b r i a  of  Si(OH)4(Aq) a s  a f u n c t i o n  o f  s a l t  c o n c e n t r a t i o n  and tempera-  
t u r e  a s  w e l l  a s  i n fo rma t ion  on t h e  sma l l  po lynuc lea r  a n i o n i c  s i l i c a t e s  p r e s e n t  i n  
s o l u t i o n  a t  h i g h  pH. 
the rma l  s c a l i n g  a l s o  be ing  conducted a t  ORNL and o t h e r  ERDA-related programs per- 
vaded by t h e  chemis t ry  of  s i l i c a .  

P r e s e n t l y  i t  a p p e a r s  t h a t  t h e  

A t  low t e m p e r a t u r e s ,  l a r g e  

When comple ted ,  t h i s  s t u d y  w i l l  p rov ide  d a t a  on t h e  f i r s t  and second 

Such in fo rma t ion  i s  needed i n  suppor t  of t h e  p r o j e c t  on geo-  

C .  A c t i v i t y  C o e f f i c i e n t s  i n  Geothermal S o l u t i o n s  (C. F. Baes, J r . ,  M. H. L e i t z k e ,  
H. F. H o l m e s )  

Measurements of  a c t i v i t y  c o e f f i c i e n t s  o f  t h e  components i n  c o n c e n t r a t e d  geothermal  
b r i n e s  a r e  needed f o r  t h e  development o f  adequa te  models f o r  t h e  d e s c r i p t i o n  of geo- 
the rma l  s o l u t i o n s  i n  terms of  t h e  thermodynamic parameters  of t h e  components. For 
t h i s  purpose t h e  h i g h  t empera tu re  i s o p i e s t i c  f a c i l i t y  a t  ORNL i s  be ing  r e a c t i v a t e d  
and modi f ied .  We a r e  us ing  NaCl and MgC12 a s  i s o p i e s t i c  s t a n d a r d s  f o r  i n i t i a l  
s t u d i e s  on K C 1  and CaC12 a s  w e l l  a s  mix tu res  of  NaC1, K C 1  and CaC12. 
demonst ra ted  p r e c i s i o n  of  t h e  weighing mechanism and t h e  t empera tu re  c o n t r o l  appea r  
t o  be adequa te  f o r  t h i s  purpose .  S i m p l i f i e d  models which have been developed  i n  
r e l a t e d  programs w i l l  be  t e s t e d  w i t h  t h e  r e s u l t s .  

The p r e v i o u s l y  
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Scope of  Work 

Sandia  L a b o r a t o r i e s  h a s  i n  p r o g r e s s  a n  e n g i n e e r i n g  r e s e a r c h  program i n v e s t i g a t i n g  t h e  
f e a s i b i l i t y  of  e x t r a c t i n g  ene rgy  d i r e c t l y  from b u r i e d  c i r c u l a t i n g  magma s o u r c e s .  
T y p i c a l l y  t h e s e  magma d e p o s i t s  have t e m p e r a t u r e s  on t h e  o r d e r  of 1000°C and r e p r e s e n t  
g r e a t  c o n c e n t r a t i o n s  of h i g h  q u a l i t y  the rma l  energy.  The amount of  t h i s  h i g h  q u a l i t y  
ene rgy  c o n t a i n e d  i n  t h e  geo the rma l  r e s o u r c e  base  of mol t en  rock  w i t h i n  t h e  t o p  10  km 
of t h e  s u r f a c e  of t h e  United S t a t e s  i s  e s t i m a t e d  by t h e  U . S .  G e o l o g i c a l  Survey t o  be  
13,000 x 1 O I 8  c a l o r i e s .  
domes t i c  U.S. petroleum p r o d u c t i o n  i n  1974. 

T h i s  i s  e q u i v a l e n t  t o  2700 times t h e  ene rgy  r e p r e s e n t e d  by t h e  

The c u r r e n t  concep t  i n v o l v e s  l o c a t i n g  a s u i t a b l e  magma s o u r c e ,  d r i l l i n g  i n t o  t h e  
l i q u i d  magma, and i n s t a l l i n g  a h e a t  exchanger  t o  c o n t i n u a l l y  t r a n s f e r  t h e  h e a t  from t h e  
magma t o  a c o n v e n t i o n a l  power p l a n t  on t h e  s u r f a c e .  I d e a l l y ,  n a t u r a l  c o n v e c t i o n  flow 
i n  t h e  magma would c i r c u l a t e  t h e  l i q u i d  around t h e  exchanger  i n  such a way t h a t  t h e  
coo led  m a t e r i a l  would s e t t l e  t o  t h e  bottom of t h e  chamber. The system would be f u l l y  
c l o s e d  and t h u s  a s s u r e s  no l eakage  of  wa te r  o r  o t h e r  working f l u i d .  

The proposed concept  has  many s p e c u l a t i v e  a s p e c t s ,  and t h e r e f o r e  t h e  r e s e a r c h  
program i s  planned so  t h a t  t h e  " r e g r e t  c o s t s "  w i l l  be low shou ld  t h e  concept  be proven 
i n f e a s i b l e  o r  economica l ly  u n d e s i r a b l e .  P r e l i m i n a r y  s t u d i e s  have shown t h a t  t h e  concept  
may be  b o t h  t e c h n i c a l l y  and economica l ly  f e a s i b l e  i f  ( a )  t h e  magma e x i s t s  i n  t h e  form of 
a l i q u i d  poo l ,  ( b )  t h e  magma s o u r c e  i s  n o t  more t h a n ,  s a y ,  5 o r  10 miles  below t h e  
s u r f a c e ,  and ( c )  a h e a t  exchanger  c a n  be des igned  t o  w i t h s t a n d  t h e  c o r r o s i v e  environment  
i n  t h e  magma. However, t h e  s t u d i e s  a l s o  i n d i c a t e  t h a t  t h e  concept  cou ld  be t e c h n i c a l l y  
f e a s i b l e  i f  t h e  magma e x i s t s  i n  a network of  i n t r u s i o n s  i n  t h e  r o c k ,  even a t  d e p t h s  of 
more t h a n  10 miles,  bu t  t h e r e  a r e  t o o  many unknowns a t  t h i s  time ( d r i l l i n g  t e c h n i q u e s  and 
c o s t s ,  and i n  s i t u  magma p r o p e r t i e s )  t o  e v a l u a t e  t h e  economic v i a b i l i t y .  

A .  Magma Energy 

1. General  (J. L. Colp)  

A Magma Energy Research Advisory Pane l  w i t h  seven  members (two from t h e  
U.S. G e o l o g i c a l  Survey and f i v e  from u n i v e r s i t i e s ) ,  each  hav ing  r ecogn ized  
e x p e r t i s e  i n  a f i e l d  r e l a t e d  t o  t h i s  p r o j e c t ,  was e s t a b l i s h e d  e a r l y  i n  t h e  
program. I n  a d d i t i o n  t o  p r o v i d i n g  a d v i c e  and d i r e c t i o n  t o  t h e  o v e r a l l  p r o j e c t ,  
e a c h  i n d i v i d u a l  member p r o v i d e s  c o n s u l t a t i o n  t o  one o r  more of  t h e  p r o j e c t  
p r i n c i p a l  i n v e s t i g a t o r s  on a one-on-one b a s i s .  The e n t i r e  pane l  meets o n l y  
t w i c e  e a c h  y e a r ,  b u t  numerous one-on-one c o n s u l t a t i o n s  a r e  h e l d .  The 
e s t a b l i s h m e n t  o f  t h i s  pane l  h a s  r e s u l t e d  i n  improved performance of  t h i s  p r o j e c t  
and i n  b e t t e r ,  c l e a r e r  d i r e c t i o n s  f o r  c o n t i n u i n g  work. 

A Magma Workshop w i t h  p a r t i c i p a t i o n  l i m i t e d  t o  abou t  25 i n v i t e d  e x p e r t s  was 
h e l d  i n  March 1975. The o b j e c t i v e  was t o  a s s e s s  t h e  p r e s e n t  s t a t e  of knowledge 
of  t h e  occur rence  of  magma chambers,  t h e  chemical  and p h y s i c a l  p r o p e r t i e s  of  
i n  s i t u  magma, and t h e  methods of e x p l o r a t i o n  f o r  magma and t o  recommend t h e  
most c r i t i c a l l y  needed r e s e a r c h  and development i n  t h e s e  a r e a s .  The r e s u l t s  of 
t h i s  Workshop have been pub l i shed  by Sand ia .  
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2. 

3 .  

4 .  

5. 

Source Loca t ion  and I d e n t i f i c a t i o n  (J .  L. Colp) 

Coopera t ion  w i t h  t h e  U.S. Geolog ica l  Survey, o t h e r  government g roups ,  and 
u n i v e r s i t i e s  i s  be ing  emphasized i n  t h i s  phase.  Implementa t ion  of Magma 
Workshop recommendations i n c l u d e  ongoing programs of s e i s m i c  su rveys  of p o s s i b l e  
magma chamber e x i s t e n c e  a t  Augus t ine  vo lcano ,  demons t r a t ions ,  of s e i s m i c ,  
e l e c t r i c a l ,  and e l e c t r o m a g n e t i c  s e n s i n g  c a p a b i l i t i e s  ove r  a known mol ten  rock  
d e p o s i t  i n  Hawaii ,  and t h e  planned p h y s i c a l  d e l i n e a t i o n  by d r i l l i n g  of t h e  
Hawaiian d e p o s i t .  

Source Tapping (J. L. Colp) 

Coopera t ion  w i t h  o t h e r  groups  i n t e r e s t e d  i n  deep d r i l l i n g ,  such  a s  t h e  
C o n t i n e n t a l  D r i l l i n g  Program, LASL Sub te r r ene  program and o t h e r s ,  i s  conducted 
i n  t h i s  phase.  Sandia  has  a n  ongoing ERDA-funded program on d r i l l i n g  improve- 
ment and downhole h o t - w e l l  l ogg ing .  A h igh  p r e s s u r e / h i g h  t empera tu re  rock  
p r o p e r t i e s  expe r imen ta l  s t u d y  i s  be ing  funded a t  Texas A&M U n i v e r s i t y .  

Magma/Materials I n t e r a c t i o n s  (M. J .  David, E .  J .  Graeber ,  P .  Modreski,  
T .  Ger l ach )  

Labora to ry  t e s t i n g  t o  de te rmine  t h e  i n t e r a c t i o n s  between t h r e e  s e l e c t e d  
magma s i m u l a n t s  w i t h  a v a r i e t y  of  e n g i n e e r i n g  m a t e r i a l s  under c o n d i t i o n s  of h i g h  
t empera tu res  and moderate p r e s s u r e s  have been performed. I n  accordance  w i t h  t h e  
recommendations of t h e  Magma Workshop, new f a c i l i t i e s  t o  c o n t i n u e  t h i s  exper iment  
series a t  c o n d i t i o n s  of 16OO0C tempera tu re ,  4 k i l o b a r s  p r e s s u r e  and w i t h  s e l e c t e d  
a d d i t i v e  g a s e s  a r e  be ing  procured  and i n s t a l l e d .  

F i e l d  exper iments  t o  obse rve  m a t e r i a l  i n t e r a c t i o n s  w i t h  mol ten  l ava  and 
v o l c a n i c  g a s e s  a t  Ki lauea  vo lcano  i n  c o o p e r a t i o n  w i t h  t h e  U n i v e r s i t y  of Hawaii 
have been and a r e  c o n t i n u i n g  t o  be performed a s  o p p o r t u n i t i e s  become a v a i l a b l e .  

Enerpy E x t r a c t i o n  (H. C. Hardee) 

A n a l y t i c a l  models of t h e  e x t r a c t i o n  of t he rma l  energy  from mol ten  rock  have, 
been developed  and a r e  be ing  r e f i n e d .  A l a b o r a t o r y  exper iment  t o  measure h e a t  
e x t r a c t i o n  r a t e s  from mol ten  l a v a  has  been s u c c e s s f u l l y  performed. A l a b o r a t o r y  
exper iment  t o  s t u d y  t h e  thermodynamics of long,  c o n c e n t r i c  s i n g l e  tube  b o i l e r s  
has  been des igned  and t h e  n e c e s s a r y  equipment has  been procured .  

F i e l d  exper iments  t o  measure h e a t  f l u x  v a l u e s  i n  n a t u r a l l y - o c c u r r i n g  mol ten  
rock  a t  Ki lauea  vo lcano  have been performed. The i n i t i a l  t e s t  was n o t  comple t e ly  
s u c c e s s f u l  and modi f ied  equipment now a w a i t s  a n o t h e r  o p p o r t u n i t y  t o  e n t e r  t h e  
mol ten  m a t e r i a l .  A f i e l d  l ava  l a k e  r e s e a r c h  exper iment  t o  s t u d y  h e a t  e x t r a c t i o n  
from mol ten  rock  on a l a r g e r  s c a l e  and t o  o b t a i n  measurements t o  v e r i f y  a n a l y t i c a l  
model s t u d i e s  i s  b e i n g  planned f o r  performance i n  FY 1978. 
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The Magma Energy P r o j e c t  has  been s t r u c t u r e d  t o  i n t e r r e l a t e  w i t h  s e v e r a l  
o r g a n i z a t i o n s  o u t s i d e  of Sandia  L a b o r a t o r i e s .  A good working r e l a t i o n s h i p  
e x i s t s  between t h i s  p r o j e c t  and t h e  USGS Geothermal Program. Coopera t ion  w i t h  
t h e  USGS, Menlo Pa rk ,  on magma e x p l o r a t i o n  methods h a s  e x i s t e d  from t h e  v e r y  
s t a r t  o f  t h i s  p r o j e c t .  Coopera t ive  e f f o r t s  w i t h  t h e  USGS Hawaii Volcano 
Observa tory  pe r sonne l  on making measurements on Ki lauea  vo lcano  have occur red  
i n  t h e  p a s t  and a r e  planned f o r  t h e  f u t u r e .  Pe r sonne l  from t h e  USGS Denver 
o f f i c e  a r e  be ing  funded by t h i s  p r o j e c t  t o  make measurements on Ki lauea  I k i  
l ava  l a k e .  

The p r o j e c t  i s  e i t h e r  c u r r e n t l y  funding  o r  p l ans  t o  fund s e v e r a l  u n i v e r s i t y  
r e s e a r c h  c o n t r a c t s .  These i n c l u d e :  U n i v e r s i t y  o f  Hawaii work on m a t e r i a l s  
c o m p a t i b i l i t y  i n  f r e s h  l ava  and v o l c a n i c  g a s e s ;  U n i v e r s i t y  of  Alaska work on 
magma s e n s i n g  on Augus t ine  vo lcano ;  t h e  a forement ioned  Texas AGrM U n i v e r s i t y  
s t u d y  on rock  p r o p e r t i e s ;  Massachuse t t s  I n s t i t u t e  of Technology s t u d y  on s e i s m i c  
s e n s i n g  of mo l t en  r o c k  i n  Ki lauea  I k i ;  and Lamont-Doherty Geo log ica l  Observa tory  
s t u d y  on m a g n e t o e l e c t r i c  s e n s i n g  of  mol ten  rock  i n  Ki lauea  I k i .  

In a d d i t i o n ,  c o o p e r a t i v e  l i a i s o n  i s  be ing  ma in ta ined  w i t h  s e v e r a l  o t h e r  
u n i v e r s i t i e s  having  magma-related geothermal  programs. These inc lude :  
t h e  U n i v e r s i t y  o f  Hawaii Puna Dis t r ic t  Geothermal p r o j e c t ;  t h e  Colorado School  
of Mines s t u d y  a t  Ki lauea  vo lcano ;  t h e  U n i v e r s i t y  of  Texas program; t h e  
U n i v e r s i t y  of  Oregon magma s t u d i e s ;  and t h e  U n i v e r s i t y  of  Washington M t .  Baker 
s t u d i e s .  

Our L a b o r a t o r i e s '  c l o s e  p h y s i c a l  l o c a t i o n  t o  and p a s t  working r e l a t i o n s h i p  
w i t h  Los Alamos S c i e n t i f i c  Labora to ry  e n a b l e s  u s  t o  c o o p e r a t e  c l o s e l y  w i t h  
t h e i r  Geosc iences  Group, Geothermal Energy P r o j e c t ,  and S u b t e r r e n e  P r o j e c t .  
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Contractor :  UNIVERSITY OF ALASKA 
Geophysical I n s t i t u t e  
Fairbanks , Alaska 99701 

Contract:  4512229 #5 

T i t l e  : A Study of Magnetospheric Substorms i n  Conjunction with t h e  
IMP-1 and Vela S a t e l l i t e  Data 

Person i n  Charge : Syn-Ichi Akasofu 

Scope of Work 

The objec t ives  of the  proposed cont rac t  a r e  t o  work j o i n t l y  with s c i e n t i s t s  i n  t h e  
Los Alamos S c i e n t i f i c  Laboratory and the  Lawrence Livermore Laboratory on a v a r i e t y  
of geophysical phenomena which might give us some i n s i g h t  i n t o  problems associated 
wi th  thermonuclear energy production. S p e c i f i c a l l y ,  we are i n t e r e s t e d  i n  bas ic  
processes associated with the  s o l a r  wind (plasma)-magnetosphere dynamo and a l s o  i n  t h e  
emission of the  aurora l  green l i n e  (5577A). It is  proposed t o  study the  d i s t r i b u t i o n  
of plasmas i n  the  magnetosphere on t h e  b a s i s  of the IMP-I,J, Vela and ATS-5 s a t e l l i t e s  
and a l s o  photo-chemical processes which lead t o  the e x c i t a t i o n  of oxygen atoms. 
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Contractor :  UNIVERSITY OF ALASKA 
Geophysical I n s t i t u t e  
Fairbanks,  Alaska 99701 

Contract :  4512229 #6 

T i t l e  : Alaska Peninsula Telemetered Seismic Network: Phase I11 

i 
Person i n  Charge: H. Pulpan 

Scope of Work 

The add i t ion  of t h ree  remote sho r t  period seismic s t a t i o n s  t o  the  e a s t e r n  Aleutian- 
Alaska Peninsula network i s  proposed. S igna ls  of these  s t a t i o n s  a r e  VHF-telemetered 
i n t o  e x i s t i n g  s t a t i o n s  of t h e  network and eventua l ly  t o  a c e n t r a l  recording s i t e  i n  
Homer, Alaska. 
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C o n t r a c t o r :  

C o n t r a c t  : 

T i t l e  : 

Person i n  Charge: 

Scope of  Work 

UN IVERS ITY OF ALASKA 
Geophys ica l  I n s t i t u t e  
F a i r b a n k s ,  Alaska  99701 

4512229 #8 

Search  f o r  Shal low Magma Accumulations a t  Augus t ine  
Volcano 

J. Kien le  

Three  l a r g e  p l u g  domes were e x t r u d e d  from t h e  vo lcano  t h e  l a s t  39 y e a r s ,  and t h e  
t h e o r e t i c a l  c o n s t r a i n t s  conce rn ing  t h e i r  c o o l i n g  h i s t o r y ,  a l o n g  w i t h  s t r o n g  a t t e n u a t i o n  
of  body waves from l o c a l  mic roea r thquakes ,  sugges t  t h a t  a s h a l l o w  a n d e s i t i c  magma 
accumula t ion  may e x i s t  below t h e  volcano .  I f  p roven ,  such  a r e s e r v o i r  would be 
ex t r eme ly  u s e f u l  t o  test  new concep t s  i n  geothermal  ene rgy ,  such  as hot - rock  h e a t  
e x t r a c t i o n  t e c h n i q u e s  and d i r e c t  magma t a p .  The primary o b j e c t i v e s  of t h e  proposed 
r e s e a r c h  are: 1) t o  s t u d y  t h e  f e a s i b i l i t y  of u s i n g  the rma l  methods and s e i s m i c  f a n  
s h o o t i n g  t e c h n i q u e s  as geophys ica l  p r o s p e c t i n g  t o o l s  f o r  magma d e t e c t i o n ;  2) t o  
i n v e s t i g a t e  t h e  p re sence  of magma a t  a v e r y  sha l low d e p t h  below Augus t ine  and t o  t r y  
t o  d e l i n e a t e  t h e  shape  and s i z e  of t h e  suspec ted  magma body; 3) t o  estimate t h e  
v i s c o s i t y  of  t h i s  body; 4 )  t o  t h u s  g a i n  i n s i g h t  i n t o  t h e  i n t e r n a l  plumbing and modes 
of magma t r a n s p o r t  and s t o r a g e  i n  a t y p i c a l  a n d e s i t i c  composite v o l c a n i c  cone;  and 
5) t o  assess the p o t e n t i a l  of Augus t ine  Volcano as a n a t u r a l  geothermal  l a b o r a t o r y  t o  
tes t  n o v e l  t e c h n i q u e s  of geothermal  power g e n e r a t i o n  such  as hot - rock  t echn iques  and 
d i r e c t  magma t a p .  Two g e o p h y s i c a l  t e c h n i q u e s  w i l l  be used t o  i n v e s t i g a t e  t h e  suspec ted  
s h a l l o w  magma body a t  Augus t ine .  
rock  w i l l  s t r o n g l y  a t t e n u a t e  h i g h  f r equency  P- and S-waves. Fan s h o o t i n g  i n  d i f f e r e n t  
q u a d r a n t s  and a t  d i f f e r e n t  e l e v a t i o n s  of t h e  vo lcano  w i l l  pe rmi t  t h e  d e t e c t i o n  of 
c e n t r a l  mol ten  zones .  Heat f low:  p r e l i m i n a r y  h e a t  f l ow s t u d i e s  on t h e  summit of t h e  
vo lcano  s u g g e s t  a minimum f low o f  1600 t o  7000 H F U ' s  and a d v e c t i v e  and c o n v e c t i v e  h e a t  
t r a n s f e r  below a d e p t h  of  1 2  cm. I n  o r d e r  t o  improve t h e s e  estimates, it is  planned 
t o  conduct  d e t a i l e d  sha l low p i t  t empera tu re  su rveys  o v e r  t h e  e n t i r e  summit a r e a  and 
t o  s t u d y  the rma l  s t a b i l i t y  i n  o r d e r  t o  tes t  t h e  permanence of anomal ies  d e t e c t e d  i n  a 
p r e l i m i n a r y  su rvey .  

Se i smic  f a n  s h o o t i n g :  p a r t i a l l y  o r  f u l l y  mol ten  
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C o n t r a c t o r  

C o n t r a c t :  

T i t l e  : 

Person i n  Charge: 

Scope of  Work 

UN IVE RS ITY OF CALIFORNIA 
Berke ley ,  C a l i f o r n i a  94720 

0430034 832 

I s o t o p i c  S t u d i e s  i n  Rare Gases i n  T e r r e s t r i a l  Samples 
and i n  Na tu ra l  Nucleosynthes is  

J .H .  Reynolds 

T h i s  l a b o r a t o r y  conducts  r e s e a r c h  i n  r a r e  gas  mass spec t romet ry  where t h e  broad 
o b j e c t i v e  i s  t o  r e a d  t h e  n a t u r a l  r e c o r d  which t h e  i s o t o p e s  of t h e  r a r e  g a s e s  comprise  
a s  t r a c e  c o n s t i t u e n t s  of n a t u r a l  g a s e s ,  rocks ,  and m e t e o r i t e s .  Working w i t h  t e r r e s t r i a l  
samples  i t  i s  observed t h a t  i n  sub te r r aneous  g a s e s  t h e  r a r e  g a s e s  occur  a s  r ecyc led  
a tmospher ic  g a s e s ,  a s  r a d i o g e n i c  gases  from n a t u r a l  r a d i o a c t i v i t y  i n  t h e  rocks  and 
sed imen t s ,  a s  much r a r e r  r a d i o g e n i c  g a s e s  from e x t i n c t  r a d i o a c t i v i t i e s ,  and p o s s i b l y  
a s  a p r i m o r d i a l  component more a n c i e n t  t h a t  t h e  e a r t h  i t s e l f .  Rocks s i m i l a r l y  
c o n t a i n  a tmospher ic  g a s e s ,  r a d i o g e n i c  g a s e s ,  and sometimes p r i m o r d i a l  gas .  A new program 
w i t h  u s  i s  t o  d e s i g n ,  c o n s t r u c t ,  and o p e r a t e  a p p a r a t u s  which w i l l  ana lyze  t h e  e l e m e n t a l  
and i s o t o p i c  composi t ion  of r a r e  g a s e s  i n  t h e  f i e l d ,  a t  o r  n e a r  t h e  sampling s i te .  
Long-range s c i e n t i f i c  g o a l s  a r e  t o  s e a r c h  f o r  a d d i t i o n a l  m a n i f e s t a t i o n s  of p r i m o r d i a l  
gases  and t o  see how they  r e l a t e  t o  convec t ion  p a t t e r n s  w i t h i n  t h e  e a r t h .  The r a r e  
g a s e s  from steam w e l l s  and o t h e r  geothermal  energy  sources  w i t h  p a r t i c u l a r  i n t e r e s t  
i n  a s s a y i n g  t h e  p r o p o r t i o n s  of r ecyc led  a tmospher ic  gas  and r a d i o g e n i c  gas  which 
o r i g i n a t e d  i n  t h e  rocks  w i l l  a l s o  be examined. Th i s  group m a i n t a i n s  a c o n t i n u i n g  
i n t e r e s t  i n  geochronology,  p a r t i c u l a r l y  i n  problems where p h y s i c i s t s - - a s  opposed t o  
geo log i s t s - - can  make c o n t r i b u t i o n s .  Fo r  example one c u r r e n t  i n t e r e s t  i s  how 
e x p l o s i v e  shock and c o n t r o l l e d  h e a t i n g  can a f f e c t  t h e  appa ren t  age p a t t e r n s  i n  t h e  
40Ar-39Ar method of K-Ar d a t i n g ,  which o r i g i n a t e d  some y e a r s  ago i n  t h i s  l a b o r a t o r y .  
S t u d i e s  i n  n a t u r a l  n u c l e o s y n t h e s i s  make use  of t h e  m e t e o r i t e s  and t h e  c l u e s  t h e y  c o n t a i n  
t o  t h e  chronology of  n u c l e o s y n t h e s i s  by v i r t u e  of  t h e  p re sence  of t r a c e s  of r a r e  g a s e s  
which a r e  d a u g h t e r  p roduc t s  of  e x t i n c t  and e x t a n t  r a d i o a c t i v i t i e s .  An i n t e r e s t  is 
a l s o  ma in ta ined  in  i s o t o p i c  inhomogenei t ies ,  such a s  have h e r e  been observed i n  t h e  
carbonaceous c h o n d r i t e s ,  and t h e  p o s s i b i l i t y  t h a t  t hey  may o r i g i n a t e  because  of 
incomple te  i s o t o p i c  mixing of f r a c t i o n s  w i t h  d i f f e r e n t  h i s t o r i e s  of n u c l e o s y n t h e s i s ,  
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C o n t r a c t o r :  

C o n t r a c t :  

T i t l e  : 

Person  i n  Charge: 

Scope of Work 

UNIVERSITY OF CALIFORNIA 
I n s t i t u t e  of Geophysics and P l a n e t a r y  Phys ic s  
Los Angeles ,  C a l i f o r n i a  90024 

0430034 #224 

R e l a t i o n s h i p  of Rock Phys ic s  and P e t r o l o g y  t o  Geothermal 
Energy 

0. L. Anderson 

The r e s e a r c h  done under  t h i s  g r a n t  was conce ived  as a supplement t o  t h e  a c t i v e  r e s e a r c h  

E f f o r t  i s  c o n c e n t r a t e d  on hydro thermal  a l t e r a t i o n  and s u r f a c e  p r o p e r t i e s  of 
program underway a t  Los Alarnos S c i e n t i f i c  Labora to ry  w i t h i n  t h e  geothermal  ene rgy  
program. 
r o c k s ,  and t h e i r  r e l a t i o n  t o  s o u n d . v e l o c i t y .  
of  sound waves i n  samples i n  which hydro thermal  a l t e r a t i o n  of t h e  rock g r a i n s  and po re  
s t r u c t u r e s  can be c o n t r o l l e d .  S u r f a c e  wave measurements a r e  be ing  c a r r i e d  o u t  on 
a l t e r e d  r o c k s  from J. Ba lagna ’ s  Labora to ry  a t  LASL and it i s  hoped t o  p rov ide  new 
i n f o r m a t i o n  on t h e  e f f e c t s  of rock s t r u c t u r e  on, and of geothermal  s o l u t i o n  i n t e r a c t i o n  
w i t h ,  t h e  seismic p r o p e r t i e s  of rocks  i n  p o s s i b l e  geothermal  r e g i o n s .  

S t u d i e s  are p roceed ing  on t h e  p ropaga t ion  
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Contractor :  UNIVERSITY OF CALIFORNIA 
I n s t i t u t e  of Geophysics and Planetary Physics 
Los Angeles, Ca l i fo rn ia  90024 

Contract : 0430034 #171 

T i t l e  : Compressibil i ty Measurements 

Person i n  Charge: G. C. Kennedy 

Scope of Work 

E f f o r t s  a r e  under way t o  determine Gruneissen's gamma by the method of r e l ease  
adiabats .  Experimentally, a s o l i d  is  taken t o  high pressures  and 'nigh temperatures 
and then decompress the s o l i d  over a few bars  o r  t ens  of bars .  Decompression takes  
place i n  a few seconds time. 
a d i a b a t i c  expansion. From t h i s  measured temperature drop, t he  value of Gruneissen's 
gamma can then be computed. 
g a m a  i s  e s s e n t i a l l y  a s  estimated from thermodynamic da ta  a t  room temperature and 
pressure.  
The behavior of t he  a l k a l i  metals w i l l  soon be examined by these  techniqqes.  

The temperature drop i s  then observed owing t o  

Resul ts ,  t o  da t e ,  on lead suggest t h a t  Gruneissen's 

However, work is progressing wi th  lead only t o  c a l i b r a t e  t h i s  method. 
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C o n t r a c t o r :  

C o n t r a c t  : 

T i t l e  : 

Person i n  Charge: 

Scope of Work 

COLUMBIA U N I V E R S I T Y  
New York, New York 10027 

1112441 

Maps of North American C r u s t a l  S t a b i l i t y  and Geothermal 
P o t e n t i a l  

R. W .  F a i r b r i d g e  

The o b j e c t i v e  of t h i s  program i s  a q u a n t i t a t i v e  s tudy  and c a r t o g r a p h i c  p r e s e n t a t i o n  
of c r u s t a l  s t a b i l i t y  and geothermal  p o t e n t i a l . o f  North America on a 1:6 m i l l i o n  s c a l e  
( i . e .  a s i n g l e  map s h e e t ) .  

The e f f o r t  i s  in tended  t o  p rov ide  sou rce  m a t e r i a l  f o r  f i r s t  approximat ion  
assessment  of geothermal  f e a s i b i l i t y  and long  t e r m  s i t e  s t a b i l i t y  ( f o r  i n s t a l l a t i o n s  
r e l a t i n g  t o  a tomic  energy  a s  w e l l  as o t h e r  major s t r u c t u r e s )  on a geographic  b a s i s .  
p r a c t i c a l  needs  and impor tan t  academic needs  w i l l  be  se rved  a s  no such l a r g e  s c a l e  
mapping e x i s t s .  A d a t a  base  f o r  map c o n s t r u c t i o n  i s  be ing  ob ta ined  from v a r i o u s  
government agenc ie s  (e.g. NOAA, USGS, e t c . )  i n  d i g i t i z e d  form and w i l l  be processed  by 
computer t echn iques .  Use fu l  i n fo rma t ion  from t h e  open l i t e r a t u r e  is  also be ing  drawn 
upon and d i g i t i z e d .  Cross  c o r r e l a t i o n  a n a l y s e s  a r e  t o  provide  s t a t i s t i c a l  i n t e g r a t i o n  
of geophys ica l  v a r i a b l e s ,  i . e . ,  t i d e  gauge, g e o d e t i c  r e l e v e l l i n g ,  s e i s m i c ,  r e s i d u a l  
stress, g r a v i t y ,  s t r u c t u r a l ,  h e a t  f low,  and o t h e r  data  i n  order  t o  weight  t e n d e n c i e s  
f o r  c r u s t a l  motion.  L i a i s o n  has  a l s o  been opened w i t h  t h e  Defense Mapping Agency 
and o t h e r  governmental  o f f i c e s  engaged i n  c a r t o g r a p h i c  a c t i v i t i e s .  The assessment  
of in-house mapping t e c h n i q u e s  of s e v e r a l  f e d e r a l  agenc ie s  t o  de te rmine  c o m p a t i b i l i t y  
f o r  maps of t h i s  n a t u r e  i s  be ing  made. C e r t a i n  exchange agreement p o l i c i e s  may a l low 
an agency t o  c o n s t r u c t  maps from o u r  f i n a l i z e d  r e s u l t s  i n  some s t a n d a r d  form. Th i s  
p r o j e c t  a s  p lanned ,  w i l l  ex tend  f o r  a p e r i o d  of ove r  t h r e e  y e a r s ,  t h e  f i r s t  p a r t  of 
which is be ing  d i r e c t e d  t o  a contemporary ( l a s t  100 y e a r s )  n e o t e c t o n i c  map of E a s t e r n  
Nor th  America. Longer p e r i o d  maps ex tend ing  o v e r  t h e  r e s t  of t h e  North American 
c o n t i n e n t  w i l l  be developed i n  t h e  second o r  t h i r d  phases  of t h e  p r o j e c t .  

Both 

40 



C o n t r a c t o r :  

C o n t r a c t :  

T i t l e  : 

Person i n  Charge: 

Scope of Work 

COLUMBIA UNIVERSITY 
Lamont-Doherty Geo log ica l  Observa tory  
P a l i s a d e s ,  New York 10964 

1113134 

A Comprehensive S tudy  of t h e  S e i s m o t e c t o n i c s  of t h e  E a s t e r n  
Aleu t i an  Arc 

L.  Sykes 

S e i s m o l o g i c a l ,  g e o d e t i c  and g e o l o g i c a l  d a t a  a r e  analyzed t o  d e r i v e  a c o h e r e n t  t h e o r y  
f o r  t h e  p r e s e n t  t e c t o n i c  p r o c e s s e s  and h i s t o r y  of t h e  e a s t e r n  A l e u t i a n  a r c  i n  t h e  
framework of r e c e n t  advances i n  p l a t e  t e c t o n i c s .  The s e i s m i c  and tsunami r i s k  is  
e v a l u a t e d  t o  l a y  t h e  b a s i s  f o r  an ea r thquake  p r e d i c t i o n  program. S e i s m i c  s t u d i e s  of 
Pavlof Volcano a r e  made t o  d e l i n e a t e  i t s  magma chamber. A l a r g e  a p e r t u r e  s e i s m i c  
network h a s  been i n s t a l l e d  t o  o b t a i n  a b road ,  long t e r m  d a t a  base  f o r  t h e  s e i s m o t e c t o n i c  
s t u d y  of t h e  arc. 
a r e g i o n  i d e n t i f i e d  a s  a seismic gap, t o  d e t e c t  p remoni tory  seismic changes which may 
a l l o w  t h e  p r e d i c t i o n  of t h e  expec ted  ea r thquake .  A ve ry  dense network around Pavlof 
Volcano i s  proposed. Geode t i c  measurements of d r y  t ilt  f i g u r e s  and 1 km l e v e l  l i n e s  
are made t o  moni tor  s t r a i n  accumulat ion.  

A more c o n c e n t r a t e d  network has  been i n s t a l l e d  i n  t h e  Shumagin I s l a n d s ,  
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Scope of Work 

An a c t i v e  s e i s m i c  method f o r  d e f i n i n g  c r a c k s  i n  h y d r o f r a c t u r i n g  exper iments  w i l l  be 
developed by a computa t iona l  s t u d y  of s e i s m i c  waves d i f f r a c t e d  by c r a c k s ,  
c o n t a i n e d ,  even t - r eco rd ing  d i g i t a l  seismographs w i l l  be c o n s t r u c t e d  and deployed i n  t h e  
f i e l d  t o  de t e rmine  t h e  s o u r c e  mechanism of s e i s m i c  e v e n t s  and t h e  e a r t h ' s  s t r u c t u r e  i n  
geothermal  a r e a s .  
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