
DOE/ER-0016 
Dist. Category UC-11 

. 
'.? 

Summaries 
of Physical Research 

in the Geosciences 

September 1978 

a 

U. S. Department of Energy 
Division of Basic Energy Sciences 

Washington, DC 20545 

-- 
NOTICE 

spcmomd by the h t e d  SUDS Government k t h e r  the 
b e d  Sot- n a  the U ~ t e d  SUICY oepmmnt of 
h r ~ ,  nor MY of theu cmploym. nor any of ha 
m n t ~ e t o r s ,  subconmcton, or theu employees. m k u  
MY vunnty. rxpcss or unplud. or l ~ u r m  m y  kg.l 
lubhty or mp0Mblty for the ICCYRC~. complctrnnr 
Q wfulncrr of MY mfomtion. apparatus. pmduct or 
p m a n  dmclord. or npmrnu that IU YT would not 



DISCLAIMER 
 

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



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



. . .  

Available from: 

Price : 

National Techni a1 Information Servi 
U.S. Department of C o w r c e  
5285 Port Royal Road 
Springfield, Virginia 22161 

Printed Copy: - $ 5.25 
Microfiche : $ 3.00 

I 

-- 

e (NTIS) 



TABLE OF CONTENTS 

#. . 
. ? 

i 

FORWARD ............................................................ 
GEOSCIENCES ON-SITE ................................................ 

Argonne National Laboratory ................................... 
I . Geosciences Program ................................... 

A . Thermochemistry of Geothermal Materials ......... 
B . Trace Element Transport in 'Geologic Media ....... 

Battel le Memorial Institute . Pacific Northwest Laboratories ... 
Remote Sensing/Geoscience Data Analysis Meth odolo gy .... 

A . Remote Sensing and Geophysical Data Set 
Correlation .................................... 

B . Image Enhancement and Classification ........... 
C . Instrumentation Development .................... 
D . Simulation of Solid Earth Processes ............ 

I . 

I1 . Development and Operation o f  DOE Insolation-Aeronomy 
Observatory .................................. 

A . Insolation Studies ............................. 
B . A e r o n m  ....................................... 

Lawrence Berkeley Laboratory .................................. 
I . Geosciences Program ................................... 

A . Geosciences Relation to Geothermal Energy ...... 
B . Thermodynamic Properties - o f _  Silicate Materials . 
C . National Geothermal Information Resource (GRID) . 
D . Chemical Transport in Natural Systems .......... 

Lawrence Livermore Laboratory .................................. 
I . Geosciences Program .................................... 

A . Basic Rock Mechanics ........................... 
B . Rock-Fluid Systems- ............................. 
C . Seismic Q in the Earth ......................... 

. D . Kinetics and Transport of Aqueous Solutions .... 
E . .  Continental Drilling: Subsurface Processes .... 

Los Alamos Scientific Laboratory .............................. 
I . -Solid E arth G eosciences ............................... 

A . Field. Analytical and Theoretical Petrology .... 
B . Seismology .... : .... ; ............................ 
C . Theoretical and Experimental Geochemistry ...... 
D . Rock and Mineral Physics ....................... 
E . Coal Research .................................. 
F . Continental Drilling ........................... 

Page No . 
iv 

1 

3 
3 

4 
4 
5 

7 
7 
7 
10 
11 
12 

13 
13 
13 
14 
15 
15 
15 

16 
16 
16 
18 
18 
20 
21 
21 

i 



22 Oak Ridge National Laboratory .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mater ia ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

A. F luo ros i l i ca te  E q u i l i b r i a  ..................... 
B. S o l u b i l i t y  o f  Amorphous S i l i c a  i n  Aqueous 

E lec t ro ly tes  .................................. 
C. Thermodynamic Properties o f  Brines . . . . . . . . . . . . 
0. Phase E q u i l i b r i a  and Crys ta l l i za t i on  i n  Magmatic 

Systems ....................................... 
Sandia Laboratories . ... .. . ..;.. ? .  . .. .... . . .... .... . ..... . . .... 

Magma tnergy Research '.; ....................*........... 
cat ion and D e f i n i t i o n  .. ... ..... 

1. Yhysical Chemlstry o f  Geothermal Solutions and 

1 i  I. 

on . . . . . . . '. . . . . . . . . . . . . . . . . . . . . . 
E. Future Plans-: .................................. 

GEOSCIENCES OFF-SITE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Univers i ty  o f  Alaska .... .?.. :.. .. . .. .. . . .. .. . . . .. . 

Alaska Peninsula Telemetered Seismic Networ 

A Study o f  the Magnetic F i e l d  Ann ih i la t ion  Process i n  
the Magnetosphere an Some Appl icat ions ( E l e c t r i c  
Currents i n  the Tran Alaska Pipel ine Induced by 
Aurora 1 Act i v i ty ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I. 

11. 

22 
22 

23 
23 

23 

25 
25 
25 
26 

26 
28 
30 

31 

32 
32 

*. . 

33 

34 Aspen I n s t i t u t e  f o r  Humanistic Studies' . . . . . . . . . . . . . . . . . . . . . . . 
I. Mechanisms f o r  the Effect o f  Var iable Solar A c t i v i t y  

34 on the Weather ........................................ 
35 

35 

Univers i ty  o f  Cal i forn ia ,  Berkeley . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I .  I so top ic  Studies on Rare Gases i n  T e r r e s t r i a l  Samples 

and i n  Natukal Nucleosysthesis . . . . . . . . . . . . . . . . . . . . . . . . 
~ 

36 
36 

Univers i ty  of Cal i forn ia ,  Los Angeles . . . . . . . . . . . . . . . . . . . . . . . . . 
I. Compressibi l i ty  Measurements .......................... 
11. The Relat ionship o f  Rock Physics 'to Geothermal 

Energy Technology ...................................... 
~ Columbia Un ive rs i t y .  .. .... i. .. .. . .. . .. .. . . . .. . ... . .... ... . . .... 

A Comprehensive Study o f  the Seismotectonics o f  the  
Eastern Aleutian A and Associated Volcan,ic Systems . . 
F l u i d  Transport Properties o f  Rock Fractures a t  
High Pressure and Temperature ......................... 

I 

I. 

11. 
1 

I 

I I 

37 

38 

38 

39 

ii 



, 

Massachusetts I n s t i t u t e  o f  Technology ......................... 
1. Seismology o t  Crack I-ormation and Natural Geothermal 

Systems ............................................... 
40 

40 

XI. Microcrack Technology ................................. 41 

National Academy of Sciences .................................. 42 
I. Studies i n  Geophysics ................................. 42 

A. Studies Completed .............................. 43 
B. Studies Planned or i n  Progress ................. 44 
C. Geophysics Study Comnittee ..................... 46 

. National Academy o f  Sciences/National Research Council ........ 47 
11. P a r t i a l  -Support f o r  thercomnittee on Seismology ....... 47 

NOAAjSpace Environment Laboratory ............................. 48 
I. Solar- rer rest r ia l  Predictions Program ................. 48 

Stanford Universi ty ........................................... 
Porosity wi th  Fluids: - -Or ig in  and Effects on Physical 
Properties o f  Crustal Rocks ........................... 

U.S. Geological Survey ..... .-. ................................. 
Minerals .............................................. 

I. 

I. National Center f o r  the Thermodynamic Data of 

Woods Hole Oceanographic I n s t i t u t i o n  .......................... 
I. Organic Geochemistry o f  Out e r  Continental Margin 

.and Deep Ocean Sediments .............................. 

50 

50 

51 

51 

52 

52 

c 

iii 



1 

%The Department o f  E n e r b  
provide a sound underlayGof f 
atmospheric, and s o l a r / t e r r  
missions. This research may 
industry; u n i v e r s i t i e s  and other governm 
f o r  payment o f  salaries, purchase o f  
allowance f o r  overhead costs, 
Department and ‘the Organization “performin 

The sumnaries i n  t h i s  do 
the work performed during 197 
i n  1978 and provide in format i  
1979. The D iv i s ion  o f  Engine 
p a r t  o f  the O f f i ce  o f  Energy 
research i n  geology, pet 
sol a r - t e r r e s t r i a l  r e l h t i o n s h i  
analysis, including .the 
relat ionships,  as wel l  as the he Department’s technological 
needs . 

. .  . (  
. .. 



PART I 

GEOSCIENCES 

ON-SITE 

1 



Contractor: Argonne National Laboratory 
Argonne, I l l i n o i s  60439 

Contract : 109 ENG 38 

T i t l e :  I. Geosciences Program 

Person i n  Charge: 

ScoDe o f  Work 

F. A. Cafasso, M. Ste ind ler  

A. Thermochemistry o f  Geothermal Mater ia ls (F. A. Cafasso/C. E. Johnson) 

f This program ' involves measurement o f  thermochemical propert ies o 
m i  e ra l s  f geochemical i a t e  es . Enthalpy o f  formation A Ho 
an! entha?py increments ( H  -Hj98j o f  su l f i de  minerals are delermffied2g!y 
f l u o r i n e  bomb and drop calor imetry respect ively.  Solut ion calor imetry i s  
being used t o  determine hydration enthalpies o f  selected zeo l i tes  (e.g. 
Mordenite and P h i l l i p s i t e )  and an attempt i s  being made t o  develop a 
co r re la t i ve  scheme f o r  p red ic t ing  hydration enthalpies o f  other 
unmeasured zeol i tes.  Research . i s  planned on enthalpies and heat 
capaci t ies at  elevated pressures o f -  br ine systems having compositions 
charac ter is t i c  o f  geothermal systems. 

Trace Element Transport i n  Geologic Media (M. Sei tz)  

Transport o f  t race elements by f lowing aqueous f l u i d s  through 
geologic media a t  high temperatures i s  examined p r i n c i p a l l y  by 
hydrothermal experiments i n  which Tiquid i s  pumped through packed columns 
o f  rock or minerals. I n f i l t r a t i o n  experiments are used because migrat ion 
depends on f low rate, so lu t ion composition, and on so l id-so lut ion 
impur i t ies  i n  minerals. I n  addit ion, migrat ion i s  d i f f i c u l t  t o  model 
w i th  thermodynamic data derived from s t a t i c  experiments. Hydrothermal 
experiments i n  the temperature range 50 t o  600°C and a t  pressures t o  500 
bars are used t o  provide data on migrat ion i n  geologic formations a t  
elevated temperatures. I n  ~ addition, high temperatures accelerate 
reactions, and w i th  consideration o f  temperature coef f i c ien ts ,  chemical 
mechanisms and phase s t a b i l i t y ,  ext rapolat ion t o  geologic t ime scales a t  
lower temperatures i s  possible. 

B. 

Studies are conducted or planned w i th  cations (e.g., strontium, 
cesium, and act in ides) and anions (e.g., iodide) as t race elements w i th  
hydrous s i l i ca tes ,  feldspars, and quartz as the geologic mMia. 
Migrat ion i s  studied as- funct ions o f  pH and composition inc lud ing 
dissolved gases i n  aqueous solut ions, and as functions o f  temperatures 
and f l u i d  flow. 

. 

"._" _.e 
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Contractor: BATELLE MEMORIAL INSTITUTE 
Pac i f i c  Northwest Laboratories 
Richland, Washington 99352 

Contract : EY-764-06-1830 

T i t  le: I. Remote Sensing/Geoscience Data Analysis Methodology 

Person i n  Charge: J. R. Eliason 

Scope o f  Work 

- The object ive o f  t h i s  program i s  t o  conduct research i n  remote sensing 
and t o  develop data analysis methodology and instrumentation required t o  meet 
DOE'S needs f o r  data r e l a t i n g  t o  geoscience and the environment. 

A. 

B. 

C. 

D. 

Remote Sensing and Geophysical Data Set Correlat ion (H. P. Foote, T. N. 
Bishop) 

Geological remote sensing i s  generally most e f fec t i ve  when it can be 
combined wi th  other kinds o f  geological and geophysical data. Data 
corre la t ion methodologies are being developed t o  e f f e c t i v e l y  acquire, 
process, and u t i l i z e  combinations o f  remote sensing and geophysical data 
sets. These techniques w i l l  be based on conversion o f  remote sensing and 
geophysical data i n t o  compatible d i g i t a l  data sets which can be analyzed 
on high-speed d i g i t a l  computer systems and displayed on computer graphics 
devices. 

Imaae Enhancement and C l a s s i f k a t i o n  IH.  P. Foote) 

Computer and analog processing techniques 
enhancing and analyzing mul t ispect ra l  s a t e l l i t e  
data. These techniques include spectral ana 
noise f i l t e r i n g ,  pattern recognition, texture 
transformations. 

Instrumentation Development (H. P. Fobte, 6. A. 

are being developed f o r  
and aer ia l  remote sensing 
ysis, image enhancement, 
analysis and geographic 

Sandness ) 

PNL develops ' aer i a1 i m  ystems f o r  spec i f i c  remote sensing 
app 1 i cat i ons . These syste both opt ical ,  mechanical and 
photographic systems which gured wi th  various sensors or 
f i l m .  Also, an i n te rac t i ve  t a l  system i s  being developed t o  conduct 
data analysis- requjred .~ .,_ t o  produce f i n a l  remote sensing data products. 

Simulation o f  Sol'id Earth Processes (H. P. Foote) 

Advanced analysis met hodolog i e  are used by PNL geoscientists 
t o  bet ter  un and large-scale geo g i c  processes, i n  the Paci f ic  
Northwest Re ion. 'These studies w i l l . p rov ide  data needed t o  develop an 
i n i t i a l  simu 9 at ion model o f  tectonic processes i n  t h i s  region. 

3 



Contractor: BATTELLE MEMORIAL INSTITUTE. 
Pac i f i c  No 
R i c h 1 and , on ‘99352 

Contract : EY-76-C-06-1830 

T i t  le: 11. Development sand Operation o f  ‘DOE Insolation-Aeronomy, 

Person i n  Charge: R. A. Stokes 

Scope o f  Work 

The inso la t ion  and aeronomy programs’ a t  Bat te l  Observatory are 
concerned w i t h  measurement and character izat ion o f  ground-based so lar  f l u x  
( i nso 1 a t  i on) and nighttime, upper-atmospher i 1, emissions (auroras). 
The inso la t ion  program i s  direcfed toward reso lu t ion  studies o f  
d i r e c t  and d i f f use  so lar  radiationAand high s 1 reso lu t ion  measurements of 
the d i f f u s e  component o f  solar rad ia  Data acquired i n  the 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  solar‘ p s i t e  evaluations, photovol ta ic and 
photo-biological  programs, and it w i  v ide the  basis for  a quant i f i ca t ion  
of inso lg t ion  modi f icat ion by clouds 

Since inso la t ion  studies and aur 
instrument, and t o  a certayn extent 
development has proceeded i n  p a r a l l e l  
use o f  n ightt ime op t i ca l  emissions 001 for invest igat ion o f  
the s tate o f  the upper a he plasmasphere-magnetosphere 
in te rac t ion  region. It i s  i m  ood understanding o f  the 
earth’s magnetosphere because it. i n  t only rad ia t ion  b e l t s  but helps 
pro tec t  .the ozone layer, s ign i f i can t1  rad io  communications, and it 
has been recent ly  suggested t h a t  t he  a’close but subt le  ‘ re la t i onsh ip  
between the s ta te  o f  the magnetospher 

Obs er vatory 

r r e s t r  i a1 weather. 
* \  

A. Inso la t ion  Studies (J.  J. Michalsky, , 5. E. W. Kleckner) , 

1. Analysis 

Analysis o f  inso’ lat proceeds’ a t  several levels.  The 
fundamental ob ject ive i s  f u l l y  ca l ib ra ted  spect ra l  
data i n  the 300-1100 nm ran users. Data i s  t o  be 
archived a t  the i n  Ashevil le, North 
Car0 1 i na . Di rec t  seven f i l t e r s  are taken 
a t  f ive-minute i n t  
made every h a l f  hour. Ro 
spa t ia l  resolut ion solar-zenith and solar almucantar scans a t  
half-hour intervals.” On c lear  days, data provided by these l a t t e r  
measurements as wel l  as d i r e c t  measurement 
aeroso 1 propert ies i 
o f  re f rac t i on  and, o urse, quant i ty.  deal of i n te res t  has 
been indicated by,se 1 invest igators  i n  the. dif.fuse measurements 
as they w i l l  be value i n  quant i fy ing rad ia t i ve  t rans fer  
propert i es o f  c l  ouds . 

ding average s ize  

4 
. .  . .  . ,  , ’ .  . . . . 



2. Experiment 

m e  p r inc ipa l  goal i n  t h i s  area i s  t o  
solar rad ia t i on  both d i r e c t  and d i f f u s e  
wavelengths. To t h i s  'end; a Mobile Butomat 
has been developed. It i s  a dual-purpose 
nightt ime observations as well. 

measure and cal  i b ra te  
a t  seven speci f ic  

c Scanning Photometer 
nstrument which makes 

The instrument measures i nso la t i on  i n  spectral bands centered 
a t  395.0 nm, 470.0 nm nm, 785.0 nm, 900.0 nm and 
1010.0 nm. The: f - ie ld  l a r  photometer i s  1.5' . The 
basic scanning sequen ove. Basic data y i e l d  both 

I d i r e c t  and d i f f u s e  m radiat ion. We are i n  a 
developmental process o synthesize these data t o  y i e l d  
t o t a l  rad ia t i on  amounts at ion o f  a co l lector .  The 

.detect ion mode allows a y i n  the measurement o f  k2 % 
and the instrument modul and su i tab le f o r  remote s i t i n g .  

r .  

B. Aeronomy (L. L. Smith, E. W. Khckner)  

i c h  have op t i ca l  emissions 
f i s  notable. The prominent 

R arc), Hydrogen arcs (H 

pectrum composition o f  upper 
used t o  monitor s t ructura l  
magnetosphere i s  extremely 

gram -included co r re la t i ng  
ns i t ies,  temperatures and 

spectral energies were.- ISIS-IF,: AEC, AED and ESRO-4 
s a t e l l i t e s -  simultaneou d observations o f  auroral 

the MASP u n i t s  a t  B a t t e l l e  
a t  - Hinsda-le, Montana. A high 

the ground-based observed 
aurora1:emission w i th  the 
observLed. s o f t  p a r t i c l e  

density trough poleward 
onospher i c  counterpart of 

2. 

the plasmastieet earthward; boundary, the 6300A d i f f u s e  boundary may 
ans o f  monltoring convection character is t ics  of the 

t, near-earth, p l  asmasheet boundary over large spans 

.,. 

- _  
a. BatteJ-le Observatory 

Beginning i n  September 1967, al l -sky photometric 
observations o f  the emissions [ O I ]  5577A, N2 + 4278A and W 
4861, and continuums 5350, 6080, and 7150A have been taken 
rou t i ne l y  on a l l  cloudless, moonless nights from B a t t e l l e  

5 
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b. 

Observatory (1 a t i  
Washington. The ' 
the.  n i g h t  sky i t a r s  a t  e levat ions 
loo, 1 5 O ,  . Z O O , ,  30' hotometric f i e l d  of 
view i s approTjma e l y  cover the 
e n t i r e  c i r c l e  of 

Global Program 

%Because most vet- been done a t  
s i  ng 1 e s t  a t  i ons , " atterns; tends t o  
be regional. * S j  by' , simultaneous 
globaJ observati  

+What isdnee 
o p t i c a l  i nstrum 
deve 1 oped such % b i l e  Automatic 
Scanning Photom 
technique presen 
on the MASP. The main t h r u s t  o f  t.he aeronomy observational 
program i s  s i t i ng ,  c a l i b r a t i n g  and operating MASP u n i t s  as a . Three MASP u n i t s  are 

r va to ry  ( 1 a t  i t 
Montana ( l a t i t u  
ulder,  Colorad 

40.1 ON, longitude now* being r e  
these stat ions and rams have been i n i t i a t e d .  

j s  

I 

..* * - 

ber o f  the-  In ternat ional  
u n i t  has been constructed 

and insta-l led, a data Prom I ron  Mountain, 
( l a t i t u d e  45.8 .1 M ) ,  through t h i s  
c o l l  aborat ion. eceived t o  b u i l d  two 
add i t  i onal un i t s  '"This t o l l a b o r a t i o n  has 
proven t o  be a great asset t o  aeronomy research' goals-. The I M S  
program has organized a data center i n  Boulder,'-Colorado, a t  
which each meiber-+ep'orts h i s  observations and fcan also 
r e t r i e v e  whatevert observations other $members repor t  t h a t  i s  
per t inent  t o  h i s  research. ' 4 -  

3 '  

I -  
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Contractor: LAWRENCE BERKELEY LABORATORY 
Universi ty o f  Cal if orn i  a 
Berkeley, Ca l i f o rn ia  94720 

Contract : W - 7405 - ENG-48 

T i t  le: I. Geosciences Program 

Person i n  Charge: Paul A. Witherspoon 

ScoDe o f  Work 

- The Geosciences Program at  Lawrence Berkeley Laboratory consists o f  four 
projects, three o f  which support the DOE e f f o r t  i n  developing geothermal 
energy. These three projects cover investigations i n  reservoir  dynamics, 
rock-f lu id system properties, br ine chemistry, geochemistry and mass transfer, 
thermodynamics o f  magmas, and co l l ec t i on  and dissemination o f  geothermal 
information. The fou r th  pro ject  addresses problems r e l a t i n g  t o  chemical 
transport i n  mater ia l  systems, and has several appl icat ions including problems 
r e l a t i n g  t o  leaching and transport o f  radioact ive waste. 

A. 

.- 

Geosciences Relat ion t o  Geothermal Energy (P. A. Witherspoon) 

Back round. The purpose o f  t h i s  p ro jec t  which was started i n  FY 
1975 + i s  o app y the pr inc ip les o f  thermodynamics, hydrodynamics and 
geochemistry t o  geothermal and re la ted systems. The invest igat ions are a 
necessary part  o f  the LBL program t o  develop geothermal energy from low- 
sa l i n i t y ,  high-temperature brines. However, resul ts  o f  invest igat ions 
w i l l  have broader impact i n  geothermal energy development from other 
sources and i n  subsurface energy storge. 

Four areas are being investigated: 

1. Reservoir Dynamics 
2. Rock-Fluid System Properties a t  High Temperatures and 

Pressures 
3. Thermodynamics o f  High Temperature Brines 
4. Geochemistry and Mass Transfer i n  Geothermal Systems 

The proposed work i n  these areas f o r  FY 1979 i s  discussed below. 

1. Reservoir Dynamics (P. A. Witherspoon and C. F. Tsang) 

The purpose o f  t h i s  pro ject  i s  t o  investigate geothermal and 
hydrogeologi'cal systems w i th  the fo l lowing objectives: 

1. To understand the physics and, chemistry o f  mass and energy 

2. To i so la te  and focus on c r f t i c a l  physical and chemical 

3. 
4. 
5. 

transport i n  geological systems. 

phenomena i n  these systems. 
To simulate and study t h e i r  behavior under natural conditions. 
To p red ic t  t h e i r  response when disturbed by man. 
To determine optimal explo i ta t ion methods. 

7 



These object ives are accomplished.. by developing mathematical 
techniques, computer codes and physical models, incorporating 
thermodynamic,. hydrodynamic, and other I physical and chemical 
p r inc ip les .  Beginning FY 1979, the e f f o r t s  i n  t h i s  element o f  our 
research program may be divided i n t o  two subareas: (1) Isothermal 
and (2) Non-isothermal. The former -includes studies o f  f low i n  
complex ground water basins, simulat ion o f  t rans ien t  f low i n  
three-dimensional saturated-unsaturated deformable systems, and 
ca lcu la t ion  o f  the f low t o  wells i n  sy ms w i th  or without 
f ractures.  The l a t t e r  includes various dies i n  geotherma 
reservo i rs  and the problems o f  hot water storage i n  aquifers. 

a. Isothermal. Mathematical models have been developed% t o  
simulate t rans ien t  flow o f  water i n  sat urated-unsat urated 
deformable systems i n  three dimensio s. These models are 
formulations including. the integrated f i n i t e  d i f fe rence method 
as wel l  as a new approach involv ing a blend o f  the integrated 
f t n i t e - d i f f e r e n c e  concept w i th  the well-known f i n i t e  element 
method, combining the special advantages, o f  these techniques. 

During FY 1979, it i s  proposed t o  i n i t i a t e  work i n  two new 
areas, i n  addi t ion t o  ating, improving and 
e x i s t i n g  computer p r  two new areas inclu!:difyI?g 
study o f  re la t i ons  
stresses i n  multipha 
parameter est imation 

b. Non-isothermal. Studie be made t o  incorporate gas 
so lut ion chemistry 5 imensional two-phase numerical 
model. Work w i l l  a1 double diffusion, which i s  a 
process t h a t  resu l t s  ponents such as heat and s a l t  
(or  another dissolved cgm have d i f f e r e n t  d i f f  us i  v i t  i es  . 
I n s t a b i l i t i e s  i n  the f l& s u l t  when the two components 
make opposing con t r i bu t i o  a v e r t i c a l  densi ty gradient. 
This i n s t a b i l i t y  cou f f e c t  on the f low o f  i n jec ted  
b r ine  i n  a geothe o i r .  The double d i f f u s i o n  
phenomenon could cause.mixing o f  i n jec ted  f l u i d  w i th  i n  s i t u  
f l u i d  r e s u l t i n g  i n  p r e c i p i t a t i o n  o f  s a l t  ,or it could a f E t  the 
path o f  the i n jec ted  f l u i d .  The l i m i t s  o f  s t a b i l i t y  f o r  a 
f l u i d  i n  a non-porous medium-are known but what i s  o f  i n te res t  
i s  s t a b i l i t y  o f  f l u i d  i n  a porous medium where po ros i t y  and 
permeabi l i ty  o f  the rock w i l l  have an e f fec t .  Two-dimensional 
f l a w  i n  a porous medium w i l l  be considered t h a t  incorporates 
both mass and heat t ransfer  i n  order- t o  determine s t a b i l i t y  
l i m i t s ,  extent o f  mixing, and the general importance o f  double 
d i f f u s i o n  i n  porous media. 

r -  

. +  

-2. Rock-Fluid System Propert ies a t  High Temperatures and Pressures 
X W .  H. Somerton) 

Objectives o f  the present research are t o  develop methods and 
equipment t o  measure ' required rock .propert ies a t  h igh temperatures 
( t o  400" C) and high pressures (1000 bars). Properties t o  be 
measured include porosity, permeabil i ty, formation r e s i s t i v i t y  . 
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factor,  d i l a t a t i o n a l  and shear ve loc i t ies ,  bulk and mat r ix  
compress ib i l i t i es  and thermal propert ies inc lud ing  conduct iv i ty,  
d iff us i  v i  t y  , thermal expansion and the evapor i z a t  ion-condensat i on- 
c a p i l l a r y  (heat pipe) parameter. E f f o r t s  w i l l  be made t o  combine 
a l l  or as many as possible o f  the above measurements i n  one t e s t  so 
t h a t  co r re la t i on  o f  r e s u l t s  w i l l  be f a c i l i t a t e d .  Thermal propert ies 
and behavior o f  r o c k - f l u i d  systems w i l l  also be measured w i th  use o f  
e x i s t i n g  equipment. Since a l l  o f  these measurements requ i re  complex 
equipment and t e s t  procedures, e f f o r t s  w i l l  be made t o  develop 
models so t h a t  high-temperature, high-pressure behavior may be 
predicted from more r e a d i l y  ava i lab le  data on the r o c k - f l u i d  system. 

P r inc ipa l  emphasis during M 1978 was on thermal propert ies and 
behavior o f  a large range o f  rock types. These included volcanics, 

shales. These data are being catalogued and tested against 
previously developed models and correlat ions.  Work i s  continued on 
an improved three-dimensional model o f  heat f l o w  through m u l t i - f l u i d  
saturated porous media t o  a i d  i n  co r re la t i on  work. A computer 
program f o r  spec i f i c  heat calculat ions from oxide analyses was 
revised and updated so t h a t  thermal d i f f u s i v i t y  data can be provided 
f o r  the above rock - f l u ids  system. 

. basalts, limestones and a wide range o f  sandstones, s i l t s tones  and 

Permeabil i ty and f l u i d  storage capacity measurements a t  high 
temperatures and pressures w i l l  be made w i th  redesigned equipment. 
Tests w i l l  be run on a wide range o f  rock types saturated w i th  
d i f f e r e n t  f l u i d s .  Data w i l l  be correlated w i th  models so tha t  f low 
and storage capacity behavior may be predicted from more eas i l y  
measured physical propert ies. 

3. Thermodynamics o f  High Temperature Brines (K. S. Pi t ze r )  

Theoretical and experimental studies o f  so lu t ion thermodynamics 
of strong aqueous e lec t ro l y tes  over a wide temperature range 
provides essent ia l  information f o r  technical  u t i l i z a t i o n  o f  many 
geothermal resources. Theoretical work has successful ly deal t  w i t h  
complex mixtures a t  room temperature, simple systems over wide 
temperatures, moderately weak - e l e c t r o l y t e s  i nvo l v ing  a d issoc ia t ion  
e q u i l i b r i a ,  and .moderately soluble e lec t ro ly tes .  Future work w i l l  
continue using e x i s t i n g  volumetric and thermodynamic data f o r  
modeling. The experimental progam includes construct ion and use o f  
a f l a w  calorimeter and o f  a densimeter measuring heat capaci t ies and 
dens i t ies  up t o  about 300' C and 1 kbar on systems previously 
unreported plus extending e x i s t i n g  data t o  higher temperatures and 
pkssures.  Results w i l l  be-* integrated w i th  theo re t i ca l  work t o  
develop equations al lowing p red ic t i on  o f  propert ies a t  temperatures 
and compositions other than those measured. 

A f t e r  t e s t s  w i t h  NaC1, measurements w i l l  proceed t o  other pure 
components important i n  geothermal f l u i d s ,  KC1, CaC12, MgC12, 
Na2S04, MgSO4 etc., and then t o  mixtures. The aim i s  t o  
determine important parameters over the range t o  300" C and 1 kbar 
and t o  v e r i f y  the accuracy o f  our equations f o r  mixed e lec t ro ly tes .  

9 
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With experimental data becoming avai lab le it w i l l  be possible t o  
extend modeling'calculat ions; o f .  the type so successful f o r  NaCl a t  
h igh temperatures, t o  other sa l t s  and t o  mix t  

Geochemistry and Mass .Transfer i n  Geothermal Systems (J. A. Apps) 

F l u i d  convection * i n -  a geothermal . reservo i r  leads t o  
d i sso l u  ti on, ' t ransport  and prec i p i  t a t  i on o f  rock - forming m i  neral  s . 
These phenomena occur na tu ra l l y  and cause seal ing o f  s t ra ta  and 
development o f  conf in ing beds i n  geotherinal- systems. During 
exp lo i t a t i on  o f  a geothermal reservoir ,  d issolut ion,  t ransport  and 
rep rec ip i t a t i on  processes w i l l  be 'accelerated, w i th  p o t e n t i a l l y  
s ign i f i can t  decl ines i n  reservo i r  oduction and in jec t i on  
capacity.. The 'ob jec t ive  o f  t h i s  p r  i s  t o  determine and 
quant i f y  deleter ious ef fects ,  i f  any,-wh 11 resu- l t  from rap id  

' withdrawal o f  hot water and r e i n j e c t  f 'spent f l u i d s  i n  'a 
convecting geothermal reservoir .  A long m ob jec t ive  w i l l  be t o  
p red ic t  t ransport  and deposit ion behav f major rock forming 
component and minor metal components i n  convecting geothermal 
systems. Emphasis w i l l  be placed on' experiments t o  study mineral 
d isso lu t ionA k inet ics :  These experiments w i l l  provide data on 
d isso lut ion,  t ransport  and p i p i t a t i o n  o f  majo 
components i n  a geothermal reservoir .  F l u i d  
incorporat ing these processes and hypothet ical  case 
producing geothermal rese rvo i r  are- being evaluated. 

During FY 1979, we w i l l  ' c o l l k t  data on d i sso lu t i on  rates o f  
t remol i te,  c h l o r i t e  'and z o i s i t e  i n  aqueous solut ions a t  temperatures 
ranging from 25°C t o  40OOC. Solut ion samples w i l l  be taken from a 
s t i r r e d  one l i t e r  rechargeable autoclave- a t  per iod ic  i n te rva l s  and 
analyzed by atomic absorption and s o f t  XRF techniques. Result ing 
data w i l l  be evaluated and models formulated t o  help i d e n t i f y  
d isso lu t ion  mechanisms and equ i 1 i b r  ium thermodynamic re1  a t  i ons 
between s o l i d  and aqueous phases. 

I 

Thermodynamic Propert ies of ' S i l i c a t e  Mater ia ls ( I .  S. E. Carmichael) 

Magmas are generated a t  depths o f  between 15 and 250 kms i n  the 
earth; and t h e i r  ascent towards the surface i s  governed la rge ly  by t h e i r  
thermodynamic and transport '  propert ies . Some magmas reach the su r f  ace t o  
form volcanoes, whereas others r i s e  t o  w i th in  only a few ki lometers o f  
the surface h e r e  they congeal as igneous " intrusions. 

This p ro jec t  i s  a cont i ng  inves t iga t ion  i n t o  the pro 
s i l i c a t e  l iqu ids,  w i th  the ten t ion  o f  'measuring t h e i r  t h  
proper t ies as funct ions o f  'composition, temperature, and pressure. As 

* *  'natural  s i l i c a t e .  l i qu ids  cover a wide range ' o f  composition expe'r i men t s 
have been designed so t h a t  p a r t i a l  molar propert ies can be derived. 
Information i s  cur ren t ly  bein btained on densit ies, volumes, and 

' 'thermal expansiv i t ies o f  melts' t a i n i n g  the ponents SiO2, TiOz, 
Al2O3, FeO, MgO, CaO, Na2O +a  K20 i n  the ' ra tu re  range from 
00 t o  1500%. An apparatus has been designed an It t o  measure, the 
t rasonic  ve loc i t y  i n  s i l i c a t e  magmas i n  or t o  determine the 
i aba t i c  compressibi l i ty .  From these measurements, the isothermal 
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compress ib i l i t y  and i t s  temperature dependence w i l l  be obtained on 
s i l i c a t e  melts o f  s im i l a r  compositions t o  those used f o r  density and 
thermal expansion studies. 

The above experiments take no account o f  coordination i n  s i l i c a t e  
l i q u i d s  as a func t ion  o f  pressure, and the densi ty changes t h a t  could 
ensue; experiments present ly underway show t h a t  A1 may change f rom 
f o u r - f o l d  t o  s i x - f o l d  coordination i n  some l i qu ids .  There i s  no 
information on the compositional dependence o f  t h i s  change. Prel iminary 
resu l t s  obtained i n  FY 1978 w i l l  be extended i n  FY 1979 t o  inves t iga te  
t h i s  dependence. 

One o f  the major problems i n  understanding natural  s i l i c a t e  l i q u i d s  
i s  the pauc i ty  o f  data on the heats o f  fus ion  o f  the c m o n  rock-forming 
minerals. This i s  mainly due to  the high temperatures involved, and it 
i s  planned t o  design a drop calorimeter t o  operate up t o  2000°C i n  order 
t o  determine the heats o f  fusion o f  the dozen or so common minerals tha t  
c r y s t a l l i z e  from magmas. 

From the study o f  natura l  s i l i c a t e  l iqu ids,  it appears t h a t  c e r t a i n  
elements may  migrate p r e f e r e n t i a l l y  t o  a hot source (e.g., S r )  whereas 
others mw migrate p r e f e r e n t i a l l y  t o  colder regions (e.g., Zr,  REE). It 
i s  proposed t o  measure the migrat ion o f  a number o f  elements i n  a 
s i l i c a t e  l i q u i d  w i th  an imposed thermal gradient. From these 
measurements w i l l  come both sign and magnitude o f  the Soret c o e f f i c i e n t .  

During FY 1979 s u f f i c i e n t  measurements o f  adiabat ic compress ib i l i t y  
should have been made t o  al low the p a r t i a l  molar quan t i t i es  t o  be 
derived. With the completion of , these measurements, the densi ty o f  any 
anhydrous s i l i c a t e  l i qu id ,  or  maMa, w i l l  be described as a func t ion  o f  
pressure, temperature, and composition. Studies o f  migrat ion o f  a wide 
va r ie t y  o f  elements i n  a strong thermal gradient w i l l  be complete, and i f  
the r e s u l t s  are s ign i f i can t ,  i n  terms o f  a geological time-scale; 
experiments w i l l  be extended i n t o  the fo l l ow ing  year t o  complete the 
pre l im inary  invest igat ion.  

National Geothermal Information Resource (GRID) (S. L. Ph i l1  ips )  

The p r i n c i p a l  ob jec t ive  o f  the GRID program i s  t o  c r i t i c a l l y  
evaluate and disseminate basic propert ies data on aqueous e l e c t r o l y t e  
solut ions (e.g. NaC1, KC1, CaC12) t o  350" C, 50 MPa, and saturat ion 
concentrations. The basic p roper t ies  cu r ren t l y  covered include the 
fol lowing: (1) v i s c o s i t y  (completed i n  1977, f o r  NaC1): (2) density 
(completed i n  1977, for  CaC12); (3) thermal conduct iv i t y  (completion 
expected ,1978, f o r  NaC1; (4) enthalpy (completion expected 1978, f o r  
NaC1); (5) e l e c t r i c a l  conduct iv i ty;  (6) f r e e  energy; (7) entropy; (8) 
s o l u b i l i t y ;  (9) a c t i v i t y  coe f f i c i en t ;  (10) osmotic coe f f i c i en t .  

During FY 1979 thermal conduct iv i t y  data f o r  aqueous sodium chlor ide 
solut ions w i l l  be compiled and a repor t  issued on r e s u l t s  o f  the work. 
Enthalpy data on sodium ch lo r ide  solut ions i s  expected t o  be c r i t i c a l l y  
evaluated, a co r re la t i on  expression developed, and a repo r t  issued on 
r e s u l t s  o f  the evaluation. 
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D. Chemical Transport i n  Natural Systems (L. V. Benson and C. Carnahan) 

I n  natural  systems, chemical react ions occur p r imar i l y  a t  
s o l i d / l i q u i d  interfaces. We can group these reactions i n t o  three 
categories; p rec ip i ta t ion ,  d issolut ion,  and sorpt ion (sorpt ion i s  taken 
t o  include ion exchange processes). L i t t l e  work has been done t o  
characterize sorpt ive proper t ies o f  minerals common t o  natural  systems 
and e f fec ts  o f  d isso lu t ion  and/or p rec ip i t a t i on  processes on the sorpt ion 
process. For the most part,  previous experiments provide informat ion 
only on a macroscopic l eve l  ( i  .e. d i s t r i b u t i o n  o f  solute between so1i.d 
and aqueous phases a t  various so lut ion concentrations). Since var iables 
which a f fec t  the sorpt ion process have not been i d e n t i f i e d  or  thoroughly 
studied, d i s t r i b u t i o n  data i s  o f ten  not ,applicable. We intend t o  study 
var iables which inf luence the sorpt ion process and determine whether it 
i s  theo re t i ca l l y  possible t o  p red ic t  d i s t r i b u t i o n  o f  so lu te between s o l i d  
substrate and the aqueous phase. We also intend t o  study the f e a s i b i l i t y  
o f  performing experiments which are necessary inputs t o  a p red ic t i ve  
theore t ica l  model. During the f i r s t  year, our research w i l l  be directed 
toward a study o f  sorpt ion o f  rad ioac t ive ly  "labeled" solute species on 
simple oxide and a luminosi l icate surfaces. Surface character izat ion by 
transmission e lect ron microscopy and scann.ing e lect ron microscopy w i l l  be 
done. The p o s s i b i l i t y  o f  surface character izat ion by photoelectron, 
Raman in f ra red  and Auger eJectron spectroscopies w i l l  also be 
investigated. From a study o f  sqrption? isotherms .,we 
understand the e f fec t ,  if any, c r y s t a l l i n e  s$ 
behavior. We w i l l  also attempt et*ermine the form 
d i s t r i b u t i o n  associated w i th  the d surface and the  importance o f  
l a t e r a l  a t t ract ion/ repuls ion on on isotherms and derived heats o f  
sorp t i on. 
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Scope o f  Work 

The geosciences program a t  LLL i s  organized t o  study physical  and 
chemical proper t ies and responses o f  rocks t h a t  are important t o  DOE 
programs. Current e f f o r t  concentrates on basic rock mechanics ( f rac tu r i ng  
w i th  explosives, micro-s t ructura l  analysis, and computer modeling o f  f rac tu re )  
and propert ies o f  rock - f l u id  systems. I n  the immediate future,  work w i l l  
inc lude studies o f  seismic Q, k ine t i cs  and transport  i n  aqueous solut ions, and 
a c t i v i t i e s  as pa r t  o f  a cont inental  d r i l l i n g  program. A l l  o f  these e f fo r t s  
make use o f  experimental work, novel d iagnost ic techniques, and computer 
modeling. Their common objective, from a s c i e n t i f i c  viewpoint, i s  t o  develop 
models t h a t  may be used t o  predic t -and understand behavior o f  the rock mass. 

A. Basic Rock Mechanics (J. F. Schatz) 

1. Rock Fractur ing w i th  Explosives 

Explosively-induced f rac tu r ing  o f  rock i n  the absence o f  a f ree  
surface w i th  purposes o f  fragmentation and permeabi l i ty  enhancement 
has had l i t t l e  p r i o r  s c i e n t i f i c  a t tent ion.  The object ives o f  t h i s  
study are t o  understand e f f e c t s  o f  emplacement geometry, m u l t i p l e  
charge t iming, conf in ing pressure, and explosive design parameters 
on f rac tu r ing .  

Currently, several phases o f  t h i s  study have been completed or  
are underway. A special  explosive charge has been designed t h a t  
allows small, but  repeatable and safe laboratory detonations. 
Detonation delay between two charges has no s i g n i f i c a n t  a b i l i t y  t o  
increase t o t a l  f rac tu re  damage, bu t  has a dramatic e f f e c t  on 
f rac tu re  or ientat ion.  Confining pressure i n  a porous sandstone, 
i n h i b i t s  f rac tu r i ng  out  o f  propor t ion t o  the e f f e c t  expected from 
simple strength considerations, and i s  apparently the r e s u l t  of 
absorption o f  energy by pore collapse. A special  water tank t e s t  
f a c i l i t y  i s  being constructed t h a t  w 11 aldlow measurement of 
explosive expansion adiabats t o  unusually low pressures and large 
volumes. These parameters are thought t o  be o f  c r u c i a l  importance 
t o  f ractur ing.  

New small-scale .experiments are being prepared i n  the 
laboratory t o  study t h e  e f f e c t  o f  a r a t e  o f  loading o f  a borehole 
wal l  which i s  lower than conventional explosives would provide, w i th  
hopes o f  producing and lengthening fractures,  even i n  porous media. 
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2. Micro-Structural Rock Analysis 

I n  order t o  study e f fec ts  o f  explosively-induced f ractur ing,  
intermediate-rate tests, and quasi -s ta t ic  tests, w i t h  the object ive 
o f  developing mechanistic models o f  behav,ior, a s t ruc tu ra l  analysis 
f a c i l i t y  i s  being developed. This f a c i l i t y  w i l l  include capab i l i t y  
f o r  s t a t i s t i c a l  analysis o f  f rac tu re  patterns, since models cannot 
be expected t o  produce exact one-to-one f rac tu re  mapping, but only a 
general s t a t i s t i c a l  correspondence. .Techniques f o r  which equipment 
or expert ise are avai lab le include: petrography, metallography, 
scanning-electron microscopy, x-ray s t ruc tu ra l  analysis, acoustic 
analysis, tomography, and computer-assisted pat tern recognit ion. 
Currently, these f a c i l i t i e s  are i n  use t o  study f rac tu r ing  re la ted  
t o  detonation t iming e f fec ts  and conf in ing pressure e f fec ts .  

Computer Modeling o f  Rock Fracture and Deformation 

The u l t imate object ive of. rock mechanics studies under t h i s  
program i s  t o  develop pred ic t i ve  models o f  rock behavior t h a t  can be 
used as design too l s  f o r , f i e l d  development o f  energy and resource 
recovery techniques. Two types o f  advanced modeling are cur ren t ly  
receiv ing at tent ion.  One involves generation o f  d iscrete f ractures 
i n  a continuum f in i te -d i f fe rence-  computer code framework, and the  
other involves motion o f  a discontinuous, blocky rock-mass, as might 
be encountered a f t e r  fragment n has occurred. The d isc re te  
f rac tu re  propagation model i s  - i t s  i n i t i a l  stages. Par t i cu la r  
a t ten t ion  i s  given t o  foqnu la t io  a model t h a t  has a small number 
o f  measurable physical  parameter This mode1 w i l l  be appl ied t o  
resu l t s  o f  explosive-fra xper iments now underway. The 
discontinuous block model 'to the problem o f  creat ion o f  a 
rubble column f o r  -- i n  s i t u  r e t o r t i n g  o f  o i l  shale. 

* x  . 
3. 

I B. Rock-Fluid Systems (A. G. Duba)' 

Seismic ve loc i t y  measurements and e l e c t r i c a l  r e s i s t i v i t y  
measurements are important f i e l d  too ls  which can del ineate s t ructure and 
extent o f  natura l  rock - f l u id  systems. This study w i l l  experimental ly 
r e l a t e  seismic ve loc i ty ,  e l e c t r i c a l  r e s i s t i v i t y ,  and permeabi l i ty  t o  
pressure, temperature, pore pressure, f l u i d  content, and f l u i d  
composition. Then, f i e l d  measurements may be in terpreted i n  terms of 
system models. I n i t i a l  appl icat ion w i l l  be t o  a geothermal f l u i d  system 
i n  the Salton Sea $eothermal Field.  Apparatus i s  developed w i th  a 
c a p a b i l i t y  o f  600 K and,,: 200 MPa, w i th  var iab le saturations, 
concentrations o f  f l u ids ,  and dis.solved sol ids.  I n i t i a l  measurements 

. have encountered d i f f i c u l t i e s  o f  mater ia l  compa t ib i l i t y  w i th  the ~ 

, experimental environment. Par t i cu la r  problems have occurred w i t h  
jacket ing mater ia l  and e l e c t r i c a l  leads. 

The data i n te rp re ta t i on  po r t i on  o f  the , program produced the  
c a p a b i l i t y  t o  mode.1 the forward problem o f  an insu lator  ins ide a good 
conductor. I n  addition, we designed a system which ' allows determination 
-of  e l e c t r i c a l  conduct iv i ty  para l l -e l  top a core axis wi thout electrodes on 
the ends o f  the core. This design, coupled w i th  data analysis techniques 



C. 

s im i l a r  t o  those used i n  x-ray tomography, a l l ows .  mapping o f  conductive 
anomalies t o  a degree o f  p rec is ion  not possible before. 

Seismic Q i n  the Earth (F. E. F o l l o n i l l )  

A unique s u i t e  o f  seismic and geologic data gathered through the LLL 
seismic net w i l l  be used t o  ca lcu la te  i n t e r v a l  v e l o c i t y  and seismic Q 
between r e f l e c t o r s  i n  the Earth's mantle f o r  the Basin and Range 
Province. This w i l l  al low deta i led  knowledge o f  a p a r t i c u l a r l y  
i n t e r e s t i n g  p a r t  o f  the upper mantle, from the viewpoint o f  p l a t e  
tectonics as applied t o  North America. There i s  strong app l ica t ion  t o  
t rea ty  v e r i f i c a t i o n  o f  f o re ign  nuclear test ing.  

K ine t i cs  and Transport o f  Aqueous Solut ions (D. M i l l e r )  

Computer models o f  processes i n  complex aqueous systems are being 
developed. Included w i l l  be p rec ip i ta t ion ,  d i f fus ion,  nucleation, heat 
t ransfer,  f l u i d  flow, corrosion, and chemical reaction. Potenti  a1 
appl icat ions are i n  scale contro l  and other reactions i n  geothermal 
brine, leaching, weathering, p r e c i p i t a t i o n  o f  metal resources, and 
leaching o f  radionucl ides f r o m  rad ioac t ive  wastes. The basic development 
work now underway has incorporated simple models o f  s i l i c a  and s u l f i d e  
p rec ip i t a t i on .  

D. 

E. Continental D r i l l i n g :  Subsurface Processes (R. N. Schock) 

Planning has begun on a cont inental  d r i l l i n g  program w i t h i n  
DOE-Basic Energy Sciences. LLL w i l l  con t r ibu te  t o  several facets o f  t ha t  
program: p l  anning , data base management, geophysical modeling , 
physical-chemical measurements on recovered core and studies o f  a 
hydrothermal system as p a r t  of- '  the goal o f  d r i l l i n g  i n t o  a complete 
magma-hydrothermal system. A l i s t i n g  o f  planned new d r i l l  holes o f  
possible use i n  the d r i l l i n g  program i s  being compiled f o r  publ icat ion.  
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Scope o f  Work 

The geoscience program a t  LASL was conceived t o  provide a basic reserch 
capab i l i t y  i n  support o f  the applied experimental 2Hot Dry Rock (HDR) 
geothermal energy (GTE) pro ject .  Although GTE remains a major foca l  po in t  o f  
research projects,  in te res ts  have expanded i n t o  ,nuclear and f o s s i l  fuels, 
waste management, and weapons-related areas. Experimental and ana ly t i ca l  
f a c i l i t i e s  p r i m a r i l y  committed t o  t h i s  program include e lec t ron  probe 
microanalyzer/scanning e lect ron microscope, automated ' s ing le -c rys ta l  and 
powder x-ray d i f f r a c t i o n ,  high-temperature and -pressure rock deformation 
equipment, and a high-temperature/pressure experimental petrology laboratory. 
I n  'addition, neutron act ivat ion,  .x-ray fluorescence, atomic absorption, and 
mass spectrometry f a c i l i t i e s  are regu la r ly  u t i l i z e d  under t h i s  program. -The 
LASL computer f a c i l i t y  w i t h  i t s  l i b r a r y  o f  hydrodynamic, geochemical, and 

'mater ia l  codes i s  used extensively, and LAS sc ien t i s t s  i n  re la ted  
'consul ted regular ly .  It i s  the strong as ic  research 'ca 

geosciences which has enabled LASL t o  successful ly seek coordinated and 
complementary appl ied research programs * in+  the areas o f  geothermal energy 
explorat ion, rad ioact ive waste management, and weapons-related geosciences. 

A. Field, Analy t ica l  and Theoretical Petrology 

1. S i l i c i c  Volcanic F ie lds - Sources o f  Geothermal Energy, 
kestern United States (B. Crowe, J. C . Eichelberger, F. Goff, G. 
?leiken, A. W. Laughlin, J. Smyth) 

The or ig in ,  magmatic evolut ion, and cool ing h i s t o r y  o f  igneous 
bodies associated w i th  young volcanic f i e l d s  are important fac to rs  
t h a t  determine energy reserves o f  geothermal f i e lds .  On-going 
research provides information concerning the evolut ion o f  several 
major volcanic f i e lds .  Petro log ica l  and tephrochronological ( the 
study o f  the age and spa t ia l  d i s t r i b u t i o n  o f  explos ive ly  ejected 
volcanic debris) studies o f  the Medicine Lake volcanic center 
suggest the f i e l d  i s  under la in by a r e l a t i v e l y  small and shalllow 
magma body. F ie ld  studies o f  the i n te rna l  structures o f  dissected 
volcanoes i n  the cent ra l  High Cascade Range provide an understanding 
o f  mechanisms o f  rowth and shallow leve l  plumbing systems o f  
andesite volcanoes 9 composite cones). 

A goal of pet ro log ic  work i s  t o  p red ic t  presence o f  large magma 
reservo i rs  w i th in  the crust  from petrology o f  surface lavas. Useful 
c r i t e r i a  are: (1) evidence o f  c rus ta l  melting, (2) evidence o f  
convective s t i r r i n g  o f  large batches o f  magma, ( 3 )  s i m i l a r i t y  o f  
cer ta in  volcanic rocks t o  pluton-forming c r y s t a l l i n e  rocks. I n  

---T---- "- ICI I 
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addit ion, evolut ion o f  magma reservo i rs  w i t h i n  the crust  i s  
invest igated through analysis o f  frozen reservo i rs  exposed by 
erosion, and studies o f  large-volume t u f f  sheets. Results apply t o  
the problem o f  c rus ta l  evolution. 

Volcanic hazard analysis o f  future volcanic a c t i v i t y  i n  the 
western United States i s  studded f o r  the terminal rad ioac t ive  waste 
storage program. This work consists o f  three parts: (1)  a wors t  
case scenario p red ic t i ng  d i s rup t i ve  events and po ten t i a l  biosphere 
pathways due t o  breaching o f  a vau l t  by volcanic a c t i v i t y ;  (2)  
p red ic t i on  o f  high r i s k  zones or provinces o f  f u t u r e  volcanic 
a c t i v i t y  i n  the western United States; (3 )  development and 
evaluation o f  ca lcu la t ion  procedu.res t o  determine r i s k  p r o b a b i l i t i e s  
o f  volcanic a c t i v i t y .  

Rio Grande R i f t  (J. Bridwel l ,  W. S. Baldridge, J. C. Eichelberger, 
W t h ,  R. Riecker) 

Integrated research o f  f i e l d  re la t ions,  petrology, chemistry, 
age dating, rare earth data, deformation mechanisms, and numerical 
models are directed toward understanding structure, tectonics, and 
magmatic evolut ion o f  t he  Rio Grande R i f t  (RGR). 

Basalt samples co l l kc ted  f r o m  the length o f  the RGR provide 
approximately 100 whole rock analyses, 30 ra re  earth analyses, and 
in te rpre ta t ions  on composition o f  the upper mantle and magma 
genesis. These parameters provide constraints on comprehensive 
models o f  major geothermal anomalies. Ul t ramaf ic xenol i ths 
co l lec ted  along the  RGR are analyzed t o  provide P, T condit ions from 
pyroxene geothermometry techniques. D i rec t  estimates o f  stress from 
deformation f a b r i c s  o f  o l i v i n e  xenocrysts provide a q u a l i t a t i v e  
p i c t u r e  o f  stress i n  the l i thosphere along the length o f  a major 
cont inental  rift . 
Mantle Petrology (3. Smyth) 

A computer program casts chemical analyses o f  rocks, e i t he r  
rea l  or  hypothetical,  i n t o  a suite, o f  "normative" minerals, s im i l a r  
t o  CIPW-norm minerals, but' nbre appropriate t o  assemblages a t  30 
kbar. Results apply t o  observational petrology and planetary 
science. Mineralogy and petrology o f  natura l  high pressure 
assemblages from basa l t  and k imber l i t e  nodules w i l l  enhance modeling 
capabi l i ty .  

Waste Management (6. Crone, J. Smyth) 

The Bandelier Tu f f  consists o f  a t h i c k  sequence o f  ash-flow and 
tha t  enc i rc les  ,the Jemez Mountains. Detai led volcanic 

o f  t u f f  and var ia t ions  i n  geochemistry and physical 
la ted t o  erupt ive .and post-empl acement processes were 

determined. These data are used t o  characterize the geological 
environment o f  waste disposal s i t e s  w i t h i n  the Bandelier Tuf f  on 
LASL property . 
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B. Seismology (K. Olsen, D. Cash, F. Homuth, C. Newton) 

The object ives o f  t h i s  program are: (1) t o  determine' regional  
background se ismic i ty  i n  order t o  assess possible e f fec ts  o f  LASL 

. programs on seismic ac t i v i t y ;  (2) t o  determine p r o b a b i l i t y  o f  earthquake 
damage t o  LASL f a c i l i t i e s ;  and (3 )  t o  evaluate regional  c rus ta l  and 

Northern New Mexico c rus ta l  and mantle. ' s t ruc tu re  i s  investigated 
se ismica l ly  for : .  (1) loca t ion  o f  major d i scon t inu i t i es  i n  the crust  and 
upper mantle t o  f a c i l i t a t e :  understanding o f  reg ional  tectonics; and (2) 
determination of seismic ve loc i t i es  f o r  accurate loca t ion  o f  earthquake 
hypocenters. We i n i t i a t e d  a program t o  cor re la te  seismic data on 
earthquake locat ions i n  northern New Mexico , w i t h  informat ion on f a u l t  
scarps and long-term v e r t i c a l  c rus ta l  displacements obtained by c lass ica l  
geologic and geodetjc techniques. 

Measurements o f  the Earth's g rav i t y  and magnetic f i e l d s  are he lp fu l  
supplements t o  seismic studies o f  _crustal  9 and mantle structure. 
Poten t ia l  f i e l d s  are measured and in terpreted i n  geographical areas o f  
spec i f  i c  i nterest  . 

We cur ren t ly  maintain a network o f  15 telemetered continuously 
x recordi  ng s hort-per i od se i smic . Three are located, i n  the  

imnediate v i c i n i t y  o f  the Fen HDR pro ject .  ' The , number of ' .  
s ta t ions i n  t h i s  short-period n be doubled in,  the  'next  few 
years i n  order t o  provide more c verage of c r i t i c a l  areas. I n  
addit ion, 15 por tab le seismograp f i e lded  t o  record aftershocks 
o f  larger earthquakes and earthq 

> A network o f  four  t o  s i x  spec lemetered, long-period/broadband 
provide 

'- mantle structure. 

S.  

seismographs w i l l  be i ns ta l l ed  i n  northern New Mexico which w i l l  
surface wave disper ison data. 

Our mobile recording/telemetry t r a i l e r  and other por tab le recording 
u n i t s  are used f o r  seismic r e f r a c t i o n  l i n e  experiments, t h a t  u t i l i z e  
various mining and other explosions as energy sources. Data from these 
experiments are used t o  der ive c rus ta l  s t ructure sections a t  l oca l  and 
near-regional distances. 

C.'I Theoretical and Experimental Geochemistry 

1. Experimental Geochemistry (R. Vidale, R. Charles, C. Duffy, T. 
Beddoe) 

a. 1 Geothermal systems: Experimental and ana ly t i ca l  studies are 
conducted on reactions between rock and aqueous solut ions a t  
h igh T and P i n  closed react ion vessels and i n  c i r c u l a t i n g  
loops. These reactions cause changes i n  geotherinal - so lu t ion 
composition, and i n  geothermal rock reservo i r  permeabil ity, 

o f  energy extract ion.  

I 

I size, and' geometry, a l l  o f  which c r i t i c a l l y  a f f e c t  e f f i c i e n t y  
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b. Element m i  r a t i on :  The in ten t  o f  t h i s  p ro jec t  i s  t o  develop 

rocks and pore solut ions over a wide range o f  temperature, 
pressure, and oxygen F f u g a c i t y  and t o  study the source, 
migration, and f i x a t i o n  o f  elements o f  p a r t i c u l a r  in terest .  
What i s  the geochemistry o f  these elements? More spec i f i ca l l y ,  
i n  what rock types are they most abundant, which mineral phases 
incorporate them, and under what circumstances are they 
concentrated i n  the intergranular regions? What processes w i  11 
f r e e  them from the source rocks, how do they migrate, and how 
are they f i x e d  a t  a new locat ion? What thermodynamic data can 
be derived from so lu t ion-so l id  e q u i l i b r i a  and what are the 
k i n e t i c  cont ro ls  on release and f i x a t i o n ?  

b e t t e r  t ec  if niques f o r  observing minor and trace elements i n  

c. Continental d r i l l i n g :  The i n t e n t  o f  t h i s  p r o j e c t  i s  t o  compare 
geothermal a l t e r a t i o n  observed, i n  d r i l l  cores w i t h  tha t  
produced i n  our laboratory experiments, t o  evaluate the 
chemical bu f fe r i ng  capacity o f  a wide range o f  po ten t i a l  
terminal geologic storage environments f o r  rad ioac t ive  wastes, 
and t o  observe the behavior o f  U and Th i n  c rus ta l  sections i n  
conjunction w i th  element migration. 

Synthetic Mineral Standards (C. Herrick) 2. 

We f a b r i c a t e  large diameter o l i v i n e  discs f o r  equation-of- 
s ta te studies. Gram quan t i t i es  o f  fluoramphiboles are synthesized 
and macropreparati ons are underway f o r  measurements o f  thermodynamic 
propert ies necessary f o r  modeling geothermal systems. 

Organic chemistry techniques are used ' t o  prepare z e o l i t i c  
minerals. The c a t a l y t i c  po ten t i a l  o f  zeo l i t es  i n  synthet ic f u e l  
reformation processes and re f i ned  methods o f  synthesizing f l u o r -  
amphiboles and iron-bearing minerals w i l l  be Investigated. These 
minerals are used f o r  ana ly t i ca l  standards and f o r  geophysical 
experiments. 

Thermochemistry o f  Minerals (C. Hol ley) 

We measuk enthalpies and VenbopIes o f  formation o f  minerals 
f o r  use i n  modeling ca lcu la t ions  re la ted  t o  Synthetic Mineral 
Standards. 

Measurements are made by using heat o f  so lu t ion o f  minerals and 
nent oxides i n  a molten oxide solvent. These data, p lus 

published data on heats o f  formation o f  component oxides, are used 
to  ca lcu la te  the heats o f  formation o f  the minerals. A molten oxide 
calorimeter i s  under construct ion and thermodynamic measurements 
w i l l  begin upon i t s  completion& 

3. 

I 

4. Geochemical Chpu te r  Modeling (C.Herrick) 

Comparison o f  laboratory r e s u l t s  o f  mineral a1 t e r a t i o n  
experiments simulat ing geothermal systems w i th  computer mass- 
t rans fer  experiments reveal the need f o r  thermodynamic data on 

19 



hydrated minerals such as zeol i tes,  I amphiboles, and clays. The 
purpose of t h i s  p ro jec t  i s  t o  expand capab i l i t i es  o f  an ex i s t i ng  
geochemical computer code which predic ts  mass ' transport due t o  
chemical react ions a t  rock-water interfaces. We modif ied the code 
t o  study open-ended systems, evaporation phenomena, and time- 
dependent processes. Addi t ional  features such as order-disorder 
t rans i t ions,  multicomponent so lut ion theory, heats o f  reaction, 
revised equation-of-state f o r  water, ' optimized. numerical methods, 
and improved computer processing techniques w i l l  be included as the 
need arises. 

The u l t imate  goal o f  t h i s  p ro jec t  i s  a ser ies o f  subroutines, 
each describing a spec i f i c  physicochemical process. Each sub- 
rou t ine  can be included, omitted or ordered t o  s u i t  the pa r t i cu la r  
geochemical process under analysis. 

D. Rock and Mineral Physics 

1. Mechanical Propert'ies (P. Halleck, R. Riecker, J. Bridwel l ,  T. 

. :< The purposes o f  rock physics research a t  LASL are: (a) t o  

o f  nuclear waste reposi tor ies;  ;( o 'define s t ructure and tec ton i cs 
o f  the RGR; (d) t o  apply geophys techniques t o ,  s t e  ,selection, 
i n  s i t u  propert ies, and samp from the Continental D r i l l i n g  

We study deformation mec sms i n  s i l i ca tes .  This work, 
w i th in  a range o f  T, P and .Strain r a t e  conditions, determines 
regions i n  which f racture,  ion  motion, k ink  banding and 
r e c r y s t a l l i z a t i o n  are ac t i v  r i c a l  models of non-Newtonian 
thermal creep are used t o  scale experimental observations t o  r e a l  
geophysical problems. 

Shankland, J. Blac ic)  

L. support HDR-GTE; (b) toe evaluate g term s t a b i l i t y  and i n t e g r i t y  

F o g r a m .  

We perform experiments t o  determine the extent o f  rock cracking 
due t o  thermal stress. These data are needed i n  ca lcu lat ions o f  t he  
e f f i c i ency  and l i f e t i m e  of the HDR-GTE system a t  LASL since the 
increase i n  avai lab le surface area f o r  heat t rans fer  i s  a f fected by 
it. 

Mechanical response o f  rock behavior under pressures o f  1 t o  2 
kbar and temp,eratures of 300 t o  500' -C i s  becoming increasingly 
important as mines and' d r i l l  holes reach deeper i n t o  the earth. We 
are bu i ld ing  a large tes t i ng  machine f o r  I( work on 2-inch diameter 
samples under b r i t t l e ,  d u c t i l e  and " t rans i t i on "  condit ions. 

U1 t imately,  a geothermal resource depends on conduction o f  heat 
i n t o  near-surface rocks. Current work confirmed tha t  rad ia t i ve  heat 
t ransport  accounts f o r  about h a l f  of the t o t a l  t-hermal conduct iv i ty  
i n  the mantle mineral o l i v ine ,  but rad ia t i ve  contr ibut ions t o  the 
other less transparent mantle minerals, or  the more transparent 
c rus ta l  minerals, remains t o  be established. 
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2. Nuclear Waste 
A thermo-mechanical creep code i s  being developed which w i l l  

al low ca lcu la t ion  o f  the thermal and stress states i n  emplacement 
media as a funct ion o f  time. We are bu i l d ing  a prototype experiment 
of creep apparatus uni ts .  

We assembled apparatus f o r  simultaneous measurements o f  sound 
ve loc i t i es  and e l e c t r i c a l  conduct iv i ty  o f  rocks a t  moderate 
pressures. Results apply t o  problems involv ing f l u i d - f i l l e d  rocks 
such as waste disposal or  geothermal explorat ion.  

3. Transport Propert ies (T. Shankland) 

Transport proper t ies o f  rocks and minerals are examined t o  
ass is t  i n  understanding emplcement o f  crust  and upper mantle 
geothermal heat sources, high-temperature thermal conduct iv i ty,  and 
hot zone explorat ion i n  the mantle. 

E. Coal Research (R. Raymond, Jr., R. Gooley) 

Imnediate goals o f  our coal research are: (1) develop a fast ,  
r e l i a b l e  method of organic s u l f u r  determination i n  coal; (2) determine 
abundances and d i s t r i b u t i o n  o f  t h i s  environmentally troublesome element; 
(3) cor re la te  our organic s u l f u r  data w i th  published data f o r  t o t a l  
su l fu r  and p y r i t e  ( i r on  su l f i de )  contents i n  coal. Longer range 
object ives are: (1) def ine mineralogic s i t es  o f  t race elements i n  coal 
which are o f  environmental concern or economic in terest ;  (2)  cor re la te  
charac ter is t i c  t race elements and inorganic minerals i n  coal w i th  
deposi t ional  environments ; (3) determi ne chemical and mineralogical  
e f f e c t s  (e.g., t race element concentrations, mineral a l t e ra t i ons )  i n  
laboratory s imultat ions o f  ' i n  - -  s i t u  coal gas i f i ca t i on  (and possible 
l iquefact ion)  processes. 

Electron probe microanalysis and scanning e lect ron microscopy are 
used t o  determine occurrences and d i s t r i b u t i o n s  o f  minor and t race 
elements i n  coal. Current e f f o r t s  are concentrated on organic su l fur ,  
i t s  o r i g i n  i n  various coals, -and what ' i t s  d i s t r i b u t i o n  may reveal on 
molecular s t ructure var ia t ions between d i f f e r e n t  maceral types. A new 
organic s u l f u r  standard f o r  e lec t ron  microanalysis i s  developed, and we 
are cur ren t ly  working t o  improve i t s  qua l i t y .  

F. Continental D r i l l i n g  (6. Heiken, R. Gooley, J. Bridwell ,  A. W. Laughlin) 

A mul t i faceted e f f o r t  i s  being planned which w i l l .  provide service 
and science t o  the proposed Continental D r  i 1 l i n g  Program. We w i  11 manage 
a core sample repos i to ry  t o  provide 'a center f o r  preparation, care and 
d i s t r i b u t i o n  o f  d r i l l i n g  samples along w i th  basic l i t h o l o g i c  and 
h i s t o r i c a l  data f o r  each sample. Laboratory and f i e l d  a c t i v i t i e s  w i l l  
inc lude ana ly t i ca l  and experimental. studies o f  the mineralogy, petrology 
and transport  propert ies o f  core samples, geophysical modeling, and f i e l d  
geophysics and geology. LASL hosted a Program workshop held i n  July, 
1978. 
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Q 

The object ives o f  t h i s  program are (1) t o  provide p j c a l ,  chemical and 
thermodynamic data on br ines encountered i n  hydrothermal sources of the U.S. 
and (2) t o  character ize primary ,phase assemblages and c r y s t a l l i z a t i o n  
processes i n  magmas dur ing formation o f  igneous mater ia ls  and t h e i r  reac t ion  
products. This program i s  concerned w i th  chemical hanges r e s u l t i n g  from 
ex t rac t ion  o f  heat from hydrothermal and magmatic esources and specif i c  
problems encountered w i th  r e i n j e c t i o n  o f  spent. brines. The resu l t s  w i l l  a lso 
apply t o  disposal o f  environmentally hazardous waste products o f  nuclear and 
o s s i l  f u e l  e l e c t r i c a l  power production. , 

We conduct potent iometr ic,  . i sop i  ca l  or imetr i c ,  
heore t ica l  modeling studies on propert ies br ines and t h e i r  ":in 

w i t h  host mater ia ls.  Among the homogen i l ib r ' ia  upon which t h  
focuses are: ion iza t ion  o f  water i n  t r a t e d  brines,. i on i za t i on  and 

carbonate 
equ i l i b r i a ,  and hydro lys is  behavior of, metal ions. Processes involved i n  
s i l i c a  t ransport  have a primary focus. Thermodynamics of the major components 
o f  the br ines are being determined and modeled. 

.We plan t o  model common igneous rock types (e.g., gabbros, basalts, 
granites, and r h y o l i t e s )  using chemically s imp l i f i ed  bulk compositions i n  the 
system S i  Oe-Al ~0~-Fe0-Mg0-Ca0-Na~0-K~O-O~-t!20. Af te r  phase 
e q u i l i b r i a  and k i n e t i c  data are obtained f o r  the s impl i fed systems, 
concentrations o f  chemical components o f  special  i n te res t  (e.g., H20, 02 
FeO, MgO) can be var ied and new components (e.g.,. CO2, F, C1, S, U, . Th, Cs, 
Sr, W, Sn, Cu, N i ,  etc.) can be added t o  the system t o  observe t h e i r  spec i f i c  
effects. We w i l l  concentrate our e f fo r t s  on low t o  moderate pressure (1 atm 
t o  5 kbar) experiments. Geologic evidence suggests tha t  natura l  magma systems 
are undersaturated w i th  respect t o  a vapor phase dur ing much o f  t h e i r  
c r y s t a l l i z a t i o n  h is to ry .  Experimental ,data on vapor undersaturated s i l i c a t e  
systems which c lose ly  model natura l  magmas i s  not extensive .and cannot be 
pred'icted from more abundant vapor saturat'ed data. 

' .po 1 ymer i z a t  i on o f  s i 1 i c i c ac i d , fll uoros i 1 i cate equ i 1 i b r  i a, 

A. F luo ros i l i ca te  E q u i l i b r i a  (R. H. Busey and R. E. Mesmer).. 
" .  

There are'smal l  amounts of f luor ide  i n  geothermal br ines and . - there 
i s  ind ica t ion  tha t  processes invo lv ing  s i l i c a  are of ten catalyzed 
presence o f  f l uo r ide .  We used a potent iometr ic . method e 
quinhydrone, hydrogen, and s o l i d  s ta te f l u o r i d e  electrodes t o  observe 
f r e e  hydrogen ion  and f r e e  f l u o r i d e  ion  concentrations i n  equ i l ib r ium 
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w i t h  f l u o r o s i l i c a t e s  i n  aqueous so lut ions a t  0" t o  60' C. I n  a l l  
t i t r a t i o n  experiments the i n i t i a l  s i l i c o n  concentration was 0.001 m, but  
the t o t a l  i n i t i a l  f l u o r i d e  concentrations was 0.001, 0.003, O.Ou9, o r  
0.02 m. The supporting e l e c t r o l y t e  was 1 m NaCl and the t i t r a n t  was 0.15 
m HC1 i n  1 m NaC1. I n  d i l u t e  s i l i c i c  ac id  so lut ions the predominant 
equ i l ib r ium react ion can be expressed as 

+ 
Si(OH)4(aq) + 4H+ + 6F- f SiF(j2- + 4H20. 

From low temperature data it 1s possib le  t o  estimate s t a b i l i t y  o f  
the siF6 2- complex a t  200-300 C and show tha t  the pos i t i on  o f  
occurrence o f  the f l u o r i d e  complex s h i f t s  toward more ac id ic  media as 
temperature increases, i.e., the s t a b i l i t y  of SiF6 2- w i t h  respect t o  
S i  (OH)4 decreases as temperature i s  increased. These r e s u l t s  
demonstrate t h a t  a t  any temperature i n  t h i s  range there i s  no s i g n i f i c a n t  
complexing by f l u o r i d e  ion a t  f ree  f l u o r i d e  concentrations less than 0.01 
m a t  pH values greater than 6, which encompasses most natura l  waters. 

S o l u b i l i t y  o f  Amorphous S i l i c a  i n  Aqueous E lec t ro ly tes  (W. L. Marshal l )  

Addi t ional  s o l u b i l i t i e s  o f  amorphous s i l i c a  were obtained i n  aqueous 
sodium n i t r a t e  so lut ions a t  25-300" C. These measurements provide a 
consistent descr ip t ion o f  decreasing s o l u b i l i t y  w i t h  increasing sodium 
n i t r a t e  concentration. Throughout . the range, 25-300°C, the s o l u b i l i t y  a t  
a constant temperature decreases approximately one-half as the  mo la r i t y  
o f  sodium n i t r a t e  i s  increased t o  5.4. 

Thermodynamic Propert ies o f  Brines (H. F. Holmes, C. F. Baes, Jr., and R. 
't. Mesmer) 

Data prev ious ly  obtained f o r  the osmotic coe f f i c i en ts  o f  aqueous 
so lut ions of KC1, CaC12, and MgC12 over the temperature range o f  109" 
t o  201°C were f i t t e d  t o  a model developed by P i tzer .  The r e s u l t i n g  
standard dev iat ion o f  f i t  ( i n  the osmotic c o e f f i c i e n t )  ranged from 0.0009 
t o  0.0029. Parameters obtained from the mathematical f i t  t o  experimental 
data were then used t o  ca lcu la te  a c t i v i t y  coe f f i c i en ts  f o r  these 
e lec t ro ly tes .  The a c t i v i t y  coe f f i c ien ts  showed a monotonic decrease w i t h  
increasing temperature and became much less dependent on concentration a t  
higher concentrations as temperature increased. Data acqu is i t ion  dur ing 
the f i s c a l  year has concentrated on e l e c t r o l y t e  mixtures NaCl-KCl-H20 
and NaCl-CaC12-H20. The experimental study o f  these two mixtures 
should be completed dur ing t h i s  per iod and the NaC1-KCl-HZO data put  
i n t o  publishable form. These resu l t s  w i l l  make poss ib le  ca l cu la t i on  o f  
thermodynamic proper t ies for the Salton Sea br ines f o r  the f i r s t  time. 

Phase E q u i l i b r i a  and C r y s t a l l i z a t i o n  i n  Magmatic Systems (M. T. Naney) 

Laboratory apparatus w i l l  be constructed t o  perform 1 atm high 
temperature experiments a t  1400OC. I n i t i a l  experiments w i l l  be made w i t h  
a i r  as the furnace atmosphere. Subsequent experiments w i t h  gas mixtures 
a t  1 atm t o t a l  pressure w i l l  be performed a f t e r  modi f icat ions t o  the  
e x i s t i n g  furnace are made. Mixed gas atmospheres make i t  possible t o  
cont ro l  and lower the oxygen fugac i t y  o f  an experiment t o  other 



geo log ia l l y  appropriate values f o r  inves t iga t ing  reactions i n  which 
mul t i va len t  elements (e.g., Fe, U) par t i c ipa te .  

Study o f  modal basa l t  and r h y o l i t e  compositions a t  1 atm w i l l  
provide phase e q u i l i b r i a  and c r y s t a l l i z a t i o n  k i n e t i c  data on 
s o l i d i f i c a t i o n  o f  magmas a t  surface condit ions f o r  the '8simpl i f ied8n 
seven-oxide component compositions and guide f u r t h e r  experiments w i t h  
add it i ona 1 components . 
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Contractor: SANDIA LABORATORIES 
Albuquerque, N e w  Mexico 87115 

Contract : 291 0789 

T i t l e :  I. Magma Energy Research 

Person i n  Charge: H. M. S t o l l e r  

Scope o f  Work 

Sandia Laboratories has i n  progress an engineering research program 
invest igat ing the f e a s i b i l i t y  o f  ex t rac t ing  energy d i r e c t l y  from bur ied 
c i r c u l a t i n g  magma sources. Typical ly,  these magma deposits have temperatures 
on the order o f  1000°C and represent great concentrations o f  h igh q u a l i t y  
thermal energy. 

The current concept involves loca t ing  a su i tab le  magma source, d r i l l i n g  
i n t o  l i q u i d  magma, and i n s t a l l i n g  a heat exchanger t o  cont inua l l y  t rans fer  
heat from the magma t o  a conventional power p lan t  on the surface. Ideal ly ,  
natural  convection f l a w  i n  the magma would c i r c u l a t e  the l i q u i d  around the 
exchanger i n  such a way tha t  cooled mater ia l  would s e t t l e  t o  the bottom o f  the 
chamber. The system would be f u l l y  closed and, thus, assures no leakage o f  
water or other working f l u i d .  Prel imipary studies have shown tha t  the concept 
may be both techn ica l l y  and economically f eas ib le  i f  the magma source i s  
w i th in  the upper f i v e  ki lometers o f  the crust  and i f  the heat ext ract ion r a t e  
from the magma i s  a t  leas t  f i v e  k i lowat ts  (thermal) per square meter o f  heat 
exchanger su r f  ace. 

A. Magma Source Location and D e f i n i t i o n  (J. L. Colp) 

A high p r i o r i t y  recomenilat ion. o f  the  Sandia/USGS Magma Workshop 
(SAND 75-0306) was a demonstration o f  a b i l i t i e s  o f  geophysical sensing 
systems t o  detect and del ineate a known body o f  molten rock. The lava 
lake i n  Kilauea I k i  c ra te r  on the is land o f  Hawaii, s t i l l  molten since 
the 1959 eruption, was chosen as-a  s i t e  f o r  t h i s  demonstration experiment 
performed i n  FY 1976. The resu l t s  are being compiled w i th  the assistance 
o f  Professor John Hermance, Brown Universi ty,  and w i l l  be published as a 
Sandia repor t  i n  FY 1978. 

Assessment-of a b i l i t i e s  o f  the various sensing systems used i n  the 
Lava Lake Sensing Experiment t o  co r rec t l y  detect and del ineate the bur ied 
body o f  molten-rock requires d r i l l i n g  a ser ies o f  holes i n t o  and through 
the molten lense o f -K i l auea  I k i .  Two holes were d r i l l e d  through 150 f e e t  
o f  the upper crust  i n t o  molten rock i n  FY 1976. An unexpected s o l i d  
layer o f  hot rock was encountered a f t e r  penetrat ing only 30 inches o f  
molten rock. esu l ts  o f  the two holes d r i l l e d  c l e a r l y  showed two 
things: (1) t h a t  the molten lense as it present ly  ex i s t s  i n  Ki lauea I k i  
i s  not a simple, r e l a t i v e l y  homogeneous l i qu id ,  and (2) t ha t  previously 
postulated methods f o r  penetrat ing t h a t  molten lense would not work. 
Immediately follow’ing tha t  d r i l l i n g  sequence, a Lava Lake D r i l l i n g  
Program t o  develop and b u i l d  an advanced d r i l l i n g  system t h a t  would 
r e l i a b l y  d r i l l  through hot (IL~O~OOC), s o l i d  rock whi le  the d r i l l  s t r i n g  
i s  r o t a t i n g  imnersed i n  molten (1~1075OC) rock was started. A number of 
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thermal and heat t rans fer  calculat ions,  several s o f  appropriate 
mater ia ls and b i t  f ab r i ca t i on  methods t h a t  be required were 
conducted. 

The design f i n a l l y  selected u t i l i z e d  an uncooq ree-wing drag b i  
made o f  Mar-M 509, a super a l l o y  having apprec ngth a t  1070" C 
on the end o f  a double pipe insulated s t r i n g  made of 
high-temperature res is tan t  s ta in less steel .  r pipe w i l l  be 
allowed t o  reach the molten rock temperature t o  minimize rock 
onto it. The inner pipe w i l l  be cooled t o  200°C by a i r  f lowing 
it so tha t  it can transmit the d r i v i n g  torque t o  the b i t .  An 
instrumented experiment sect ion w i l l  be insta. l led- between the b i t  ,and the  
insulated d r i l l  s t r ing .  umber 
o f  development and proof tes ts  an various par ts  the design 6 h been 
performed i n  the laboratory. Addi t ional  holes e nding a t  leas t  20 feet 
i n t o  molten rock w i l l  be d r i l l e d  i n t o  Ki lauea I k i  lava lake l a t e  i n  FY 
1978. 

Magma Source Tapping (J. L. Colp) 

Another high p r i o r i t  'of the prev i ou s ly men t i oned 
Magma Workshop was det he strength and d u c t i l i t y  o f  
representat ive igneous' rocks t o  1000" C and 
pressure. A Sandia-sponsored research study t o  ac 
was s tar ted a t  the Center f o r  Tectonophys'ics at' Te 
FY 1975 and i s  cont inuing..  Resul date are t h a t  con 
instantaneous f a i l u r e  strengths a esses l i k e l y  a t  the wal ls  o f  open 
and wa te r - f i l l ed  boreholes show t hole as deep as 10 km i n  e i t h e r  
d ry  M t .  Hood andesite and Charcoa o r i t e  i s  not l i k e l y  t o  f a i l  
under short-t ime loading even a t  e nless the - i n  s i t u  hor izonta l  
stress i s  2 v e r t i c a l  stress and e i s  open. EfEZTs o f  water 
weakening and durat ion o f  loading are now being investigated. 

Magma Character izat ion and Mater ia l  Compat ib i l i ty  (T. M. Gerlach, E. J. 

Parts have been desi,gned and procured. ' 

Graeber, P. J. Modreski, M. J. Davis) / 

High temperature gas co l lec to rs  have been fabr icated and f i e l d  
tested during the September 1977 east rift erupt ion o f  Ki lauea Volcano. 
Computer studies o f  volcanic gases are being used . t o  restore the 
ana ly t i ca l  data t o  o r i g ina l  compositions f o r  use as a data base as p a r t  
o f  mater ia ls-compat ib i l i ty  and magma-properties simulat ion experiments. 

F i e l d  experiments conducted during the erupt ive 
consisted o f  (1)  temperature measurements o f  gas 
(2) co l l ec t i on  o f  gas samples, (3 )  t es t i ng  o 
al loys, (4) thermal measurements from a' heat 
co l l ec t i on  o f  ejecta. Motion p i c tu re  and audio 
for  documentation o f  experiments. 

A comprehensive thermodynamic study o f  volcanic gas co l l ec t i on  data 
i s  near ly completed. This.study provides a data base o f  approximately 80 
high q u a l i t y  volcanic gas analyses corrected f o r  contamination by the 
atmosphere and from react ions w i th  sampling equipment during co l lect ion.  
A l l  samples i n  the data base were co l lected i n  close associat ion w i th  
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act ive  lava a t  temperatures i n  excess o f  6000C. The data base documents 
the range o f  gas compositions t o  be expected i n  low-pressure erupted 
gases, f ugac i t i es  o f  c r i t i c a l  const i tuents from a mater ia ls  compa t ib i l i t y  
standpoint, and the nature o f  short-term and long-term chemical 
var ia t ions  i n  erupted gases from Mount Etna, Er ta '  Ale, Surtsey and 
Kilauea volcanoes. The resu l t s  o f  these invest igat ions were appl ied i n  
s imulat ing magmatic environments f o r  mater ia ls  development research. 
They have a lso been usefu l  i n  evaluat ing and improving volcanic gas 
c o l l e c t i o n  and analysis techniques. 

Thermodynamic modeling studies are now under way f o r  C-0-H-S-C1-N 
magmatic gases a t  pressures and temperatures up t o  5 kbar and 1400" C. 
These studies w i l l  be used t o  simulate magmatic gases i n  the 
magma-properties and materials-compatibil i t y  experimental f a c i l i t y  now 
under development. They are a lso used t o  character ize degassing o f  
magma. These techniques, coupled w i th  recent data on v o l a t i l e  contents 
o f  mat r i x  glasses and glass inc lus ions i n  submarine basal ts,  hold 
considerable promise f o r  improved understanding o f  the evolut ion o f  
magmatic gases from upward-moving bodies o f  magma. 

A Magma Simulation F a c i l i t y ,  an i n t e r n a l l y  heated 4-kbar pressure 
system, i s  being constructed t h a t  w 9 l l  be capable o f  maintaining large 
volume samples ( ~ 1  l i t e r )  a t  uniform temperature t o  1500" C i n  a 
cont ro l led  atmosphere w i th  a va r ie t y  o f  e l e c t r i c a l  sensors present. The 
system w i l l  be used t o  measure chemical and physical  proper t ies 
( inc lud ing  v iscos i ty ,  e l e c t r i c a l  and , thermal conduct iv i ty ,  seismic 
transmission properties, etc.) . o f  molten rock containing dissolved 
vo la t i l es ,  and t o  study compa t ib i l i t y  o f  metals w i t h  simulated 
vo la t i le -conta in ing  magma. The f i r s t  experiments i n  the pressure system 
should be conducted i n  the ea r l y  p a r t  o f  FY 1979. 

Experiments are being conduc to. examine types and mechanisms o f  
react ion o f  metals w i th  molten.rock .and simulated magmatic gases. Pure 
elemental metals, b inary al loys,  and high,-temperature engineering a1 loys 
have been examined. Gas atmos heres ranging from low-fo i n e r t  gas 
(argon) t o  Hz-0-C02-CO-SO -HzS-  mixtures w i t h  contro?led oxygen 

. pressure. Experiments i n  FY 1978;_will concentrate on de ta i led  study o f  
' react ion mechanisms i n  atmospheric 'pressure experiments and on 

experiments a t  moderate pressure i n  1 kbar 'lcold-seal" pressure vessels. 
These experiments w i l l  be extended t o  higher pressures i n  FY 1979 when 
the Magma Simulation F a c i l i t y  i s  operational. 

A l loy  specimens were expos+ to- hot 'gases (600-100&C) a t  lava f lows 
and volcanic vents dur ing the September 1977 erupt ion o f  Kilauea Volcano, 
supplementing our ' e a r l i e r  f i e l d  exposures t o  lower temperature fumarole 
gas envi,ronments (100-2000 C). , Such f i e l d  exposures are, valuable t o  
conf i rm or  supplement laboratory  simul a t i  ons o f  magmat ic /vo lcanic  
corrosion environments. 

and s u l f u r  fugac i ty  have 2 een3 used a t  1100-1200" C a t  atmospheric 
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D. Energy Ext ract ion (H. C. Hardee, D. W. Larson, D. 0. Lee, P. C. Montoya) 

1. Molten Rock D r i l l i n g  Studies 

A ser ies o f  magma d r i l l i n g  s imulat ion experdments were run i n  
molten p a r a f f i n  using a model d r i l l  b i t  which was cooled w i th  Freon 
11. This type o f  d r i l l  -develops a c h i l l e d  porous matr ix  ahead o f  
the b i t  as the coolant c h i l l s  the medium. Experiments were run t o  
study problems associat.ed w i th  d r i l l i n g  through a molten. lense. 
Another experiment was performed t o  check ca lcu lated f low rates 
through a f u l l  s ize  experimental magma d r i l l  b i t .  

Calculat ions were made t o  determine the torque required t o  
r o t a t e  the d r i l l  b i t  and dr’ill p ipe i n  a molten magma body w i t h  
temperature dependent visc’dsity. Calculations were also made t o  
determine the e f fec ts  o f  thermal ly i nsu la t i ng  the d r i l l  p ipe as we l l  
as the required f l o w  r a t e  o f  water or  a i r  t o  maintain the insu lated 
d r i l l  p ipe a t  or below 200°C. The required o f i f i c e  sizes necessary 
t o  maintain the speci f ied f low rates f o r  various pressure drops have 
been determined. 

The expected heat t rans fer  data tha t  could be obtained from a 
one-foot thermal t e s t  s k t i o  behind the d r i l l  b i t  
invest igated. If the t e s t  sec S made from RA-330 or 
w i t h  a s im i la r  thermal conduct and a wa l l  thickness 
the measurable temperature ence across tes t -s  
var ies from 43°F a t  100 second “F i n  6 hours (assuming the a i r  
coolant f low i s  maintained). ’ 

An analysis was conducted termi ne pressures and f 1 ow ra tes  
necessary f o r  a water j e t  t o  penetrate i n t o  l i q u i d  rock and c h i l l  i t  
i n t o  a foam ahead o f  a d r i l l  b i t .  Results ind ica te  tha t  t h i s  i s  a 
feas ib le  method o f  d r i l l i n g  i n t o  and through l i q u i d  rock. A nozzle 
w i t h  a rad ius o f  0.1 inch and a 50 p s i  pressure drop w i l l  de l i ve r  
8.4 gallons/mixture w i th  an e x i t  ve loc i t y  o f  86 f t / sec .  This water 
j e t  w i l l  penetrate approximately 1.2 inches i n t o  molten magma and 
has s u f f i c i e n t  cool ing capacity t o  c h i l l  a p lug t h a t  i s  12.0 inches 
i n  diameter (approximately 4 d r i l l - b i t  diameters) a t  a d r i l l  r a t e  
exceeding 50 f t / h r .  

2. Magma Thermal Character izat ion Studies 

An ana ly t i ca l  study o f  heat t rans fer  mechanisms i n  magma bodies 
was undertaken i n  order4 to  improve our estimates o f  po ten t i a l  heat 
ex t rac t ion  rate.  Only one of four possible heat t rans fer  regimes 
was found which would support a process. o f  convective upmelting. 
The length t o  diameter r a t i o  o f  an upmelting magma ‘body was 
t h e o r e t i c a l l y  found t o  be l i m i t e d  t o  a maximum ‘value o f  5. - An 
ana ly t i ca l  heat t ransfer  model o f  forced in t rus ion  magma * f l o w  
coupled w i th  ava i l  able experimental evidence suggests tha t  magma 
chambers l i k e l y  have l o w  superheat. Further ca lcu lat ions ind ica te  
tha t  magma heat ex t rac t ion  rates f o r  conventional heat exchangers 
w i l l  be on the order of 10 kW/m2 or  less. A rough economic study 
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was erformed which showed tha t  a t  heat ex t rac t ion  rates o f  5 
kW/my, magma e l e c t r i c  power should become competit ive w i th  coal 
and nuclear e l e c t r i c  power. 

Ana ly t i ca l  so lu t ions have been found f o r  p red ic t ing  the surface 
heat f l u x  d i s t r i b u t i o n  above rectangular (dikes) and spher ical  magma 
sources. The so lu t ion  f o r  d ike geometry predic ts  the steady-state 
heat f l u x  d i s t r i b u t i o n  a t  the surface o f  the ear th  f o r  a conduction 
dominant region above magma source. The so lu t ion  f o r  a spher ical  
magma source includes t rans ien t  e f fec ts .  These so lut ions have 
app l ica t ion  i n  loca t ing  magma bodies. The surface heat f l ux  
d i s t r i b u t i o n s  can be used t o  estimate charac ter is t i cs  o f  a magma 
body such as i t s  extent and depth. The d ike so lu t ion  was compared 
t o  some recent measurements made on the Yellowstone Caldera (Morgan, 
Blackwell, and Spafford, J. Geophysical Research, September 10, 
1977, pp. 3719-3732). If the underlying constant temperature source 
i s  assumed t o  be a t  a depth o f  1.0 km, then agreement between 
measured and predic ted surface heat f l u x  d i s t r i b u t i o n  i s  excel lent .  

3. 20-Meter Long Tube Heat Exchanger 

The assembly o f  the  Long Tube Heat Exchanger (LTHE) f a c i l i t y  
was completed i n  October 1977. I n i t i a l  checkout o f  the f l u i d  loop 
ind icates t h a t  constant f low rates could be obtained although 
f l uc tua t i ons  are very sens i t i ve  t o  ce r ta in  valve set t ings.  The 
e l e c t r i c a l  system was turned on and checked out i n  the l a t t e r  p a r t  
o f  October 1977, and a pre l iminary set o f  experiments was 
performed. There are seven heaters i n  t h i s  f a c i l i t y .  The t e s t  
condi t ions were brought t o  steady s ta te  before data were taken. 
B o i l i n g  f i r s t  occurred a t  about the %-foot depth. 

4. Heat Transfer Measurements i n  Lava 

The 1977 Kilauea erupt ion (September-October 1977) which 
occurred on the east rift o f  Kilauea Volcano i n  Hawaii produced a 
r i v e r  o f  basa l t i c  lava which flowed f o r  several days. The lava 
r i v e r  which formed a t  the Puu K i a ' s i  vent was f lowing a t  about 3-5 
km/hr and was a t  a temperature o f  1065-1095" C. An experiment was 
performed i n  which a heat t rans fer  probe was placed i n  the lava 
r i v e r .  The purpose o f  the experiment was t o  make measurements o f  
heat t rans fer  ra tes  i n  f resh  lava which could be compared w i th  
theore t ica l  ca lcu lat ions o f  heat f l u x  and thereby v e r i f y  assumptions 
about thermal condi t ions i n  f resh  molten lava. A secondary purpose 
o f  t h i s  experiment was t o  ob ta in  engineering informat ion which would 
a f f e c t  design o f  f u tu re  heat t rans fer  probes and heat exchangers. 
To the best o f  our knawledge, t h i s  i s  the f i r s t  t ime t h a t  precise 
heat f l u x  measurements have ever been made i n  f resh  f low ing  lava. 

A heat f l u x  gauge has been designed f o r  use i n  fu tu re  surface 
lava f lows. The instrument has been designed t o  determine both 
conduction and convection ( i f  any) heat f low. I n  addi t ion,  the  
thermal d i f f u s i v i t y  of the magma can be determined from the thermal 
response o f  one sect ion o f  the probe. 

29 



E. Future Plans 

Ana ly t i ca l  studies o f  heat t ransfer  mechanisms - i n  magma bodies w i l l  
continue. We plan t o  include e f fec ts  o f  porous natura l  convection i n  

.over ly ing hydrothermal systems. We are inves t iga t ing  numerical 
' techniques us others asswe l l  as developin'g our own porous natura l  

*- convection co We also have plans t o  compare ex i s t i ng  surface heat 
* 

f l u x  data w i th  our ca lcu lat ions.  

We plan t o  modify the inner tube o f  the long tube heat exchanger t o  
al low d i s t r i b u t e  f l u i d  i n j e c t i o n  during bo i l i ng .  This i s  one o f  the 
prime techniques hat needs inves t iga t ion  in -order  t o  enable design o f  
very long tube bo i le rs .  We also plan t o  fab r i ca te  some o f  the new design 
heat f l u x  gauges, designed f o r  surface lava f l & s .  
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Contractor: UNIVERSITY OF ALASKA 
Geophysical I n s t i t u t e  
Fairbanks, Alaska 99701 

Con t r ac t : EY-76-S-06-2229 

T i t  le: I. Alaska Peninsula Telemetered Seismic Network 

Person i n  Charge: Hans Pulpan 

Scope o f  Work ~ 

A large aperture network o f  ten short-period, v e r t i c a l  component 
seismometers i s  i n s t a l l e d  and i s  being operated20n the eastern po r t i on  o f  t he  
Alaska Peninsula. The network i s  an i n teg ra l  pa r t  o f  our seismic monitor ing 
system extending over an approximate 1000-km po r t i on  o he A1 &ti an-Al askan 
arc system. Data being co l lected from the system are v b l e  for  developing 
a comprehensive understanding o f  the seismotectonics o f  t h i s  structure.  Such 
an understanding i s  important i n  assessing the po ten t i a l  o f  volcanism 
associated w i t h  the arc s t ruc tu re - fo r  geothermal energy use and i n  assessing 
the seismic r i s k  o f  an area o f  high energy potent ia l .  
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Contractor: 

c 

Contract : 

T i t l e :  

UNI VERSITY OF ALASKA 
Geophysical I n s t i t u t e  
Fairbanks, Alaska 99701 

EY-76-S-06-2229 005 

11. A Study o f  the Magnetic F i e l d  Ann ih i la t ion  Process i n  
the Magnetosphere and Some Appl i cations ( E l e c t r i c  
Currents i n  the Trans-Alaska Pipel ine Induced by 
Auroral Act i v  i t y  ) 

Person i n  Charge: Syun-Ichi Akasofu 

Scope o f  Work 

The magnetic f i e l d  ann ih i l a t i on  process i s  believed t o  be one o f  the 
basic processes i n  cosmic electrodynamics, re leasing a considerable amount o f  
energy i n  a r e l a t i v e l y  short t ime and convert ing magnetic energy t o  k i n e t i c  
energy o f  high energy plasma pa r t i c l es .  This process i s  bel ieved t o  take 
place i n  the magnetosphere i n  some planets and comets. Among the above 
regions where the ann ih i l a t i on  process has been suspected t o  take place, the 
magnetotail i s  c m o n  ly the only region where sate1 1 i te-borne instruments can 
make de ta i led  measurements o f  plasma conditions. 

Thus, the purpose o f  our study i s  t o  i d e n t i f y  basic plasma processes 
which are responsible f o r  the ann ih i l a t i on  process. so 
far ,  t h a t  accelerat ion o f  plasma p a r t i c l e s  takes place along magnetic f i e l d  
l i n e s  as a r e s u l t  o f  d ivers ion  o f  e l e c t r i c  currents which generate the 
magnetic f i e l d .  This r e s u l t  d i f f e r s  f r o m  what one expects from the widely 
accepted reconnecti on process. 

We are interested i n  energy re la ted  geophysical problems i n  the A rc t i c  
region. We are helping corrosion engineers o f  the Alyeska P ipe l ine  Co. i n  
monitoring the Aurora-induced e l e c t r i c  current i n  the trans-Alaska pipel ine.  
We have found t h a t  e l e c t r i c  currents on the  order o f  200 amperes are induced 
i n  the pipe during medium auroral, a c t i v i t y  and are monitoring the amount o f  
e l e c t r i c  currents :which leak f r o m s h o r t  segnents o f  an underground sect ion o f  
the pipe. We are studying e f fec ts  o f  the- Aurora-induced e l e c t r i c  currents on 
powerline systems i n  the northern U.S., Canada, and Fairbanks, Alaska. We 
also are interested i n  applying the audio-frequency (10 Hz-10 KHz) 
magnetotel lur ic method and RF radio-wave methods i n  sounding permafrost 
regions i n  Fairbanks. 

Our f i n d i n g  indicates, 

c 
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Contractor: ASPEN INSTITUTE FOR HUMANISTIC STUDIES 
Food, Climate and the World's I n s t i  
1919 Fourteenth Street, Suite 811 
Boulder, Colorado 80302 

Contract : ER-78-S-02-4634.AO00 

T i t i e :  I. Mechanisms f o  l a r  A c t i v i t y  on 

Person i n  Charge: 

Scope o f  Work 

var ia t ions i n  the so lar  
h igh l y  convincing. The t o  prove t h a t  
such re la t ionships ex i s  
are and what physical 
i n  short-term r e l a t i o n  

. I n  the- past we have .used s 
which i s  a measure o f  strength 
both on ind iv idua l  pressure t r o  
c i r c u l a t i o n  pattern. In -  the f u  
budget i n  order t o  get a more 
involved. 

the Weather - 

Walter O r r  Roberts and Roger H. Olso 

I n  the past f i v e  years or 

The goals o f  our fu tu re  work mqy b up as fo l lows: (1) t o  speci fy - 

' p r i nc ipa l  empir ical  re la t ionships between var ia t ions i n  the so lar  energy 
output and tropospheric weather; (2) t o  f the most p laus ib le  physical 
mechanisms t o  expla in  these re la t ionsh 3)  t o  v e r i f y  these possible 
mechanisms using independent data. 

We work i n  conjunction w i th  other. ,a so lar  sc ien t i s t s  i n  
Boulder and a t  such i n s t i t u t i o n s  as t onal Center f o r  Atmospheric 
Research (NCAR), the National Oceanic and he r i c  Administrat ion (NOAA), 
and the  Univers i ty  o f  Colorado. 
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Contractor: UNIVERSITY OF CALIFORNIA 
Berke 1 ey , Ca 1 if orn i a 94720 

Contract : EY-76-S-03-0034 032 

T i t  le: I. Isotopic  Studies on Rare Gases i n  Te r res t r i a l  Samp 
and i n  Natural Nucleosysthesis 

Person i n  Charge: J. H. Reynolds 

Scope o f  Work 

es 

This laboratory conducts research i n  ra re  gas mass spectrometry where the 
broad ob jec t ive  i s  t o  read the natura l  record which the isotopes o f  the ra re  
gases comprise as t race const i tuents o f  natura l  gases, rocks, and meteorites. 
I n  t e r r e s t r i a l  samples subterraneous ra re  gases occur as recycled atmospheric 
gases, as radiogenic gases from natura l  r a d i o a c t i v i t y  i n  the rocks and 
sediments, as much ra re r  radiogenic gases from e x t i n c t  rad ioac t i v i t i es ,  and as 
a pr imord ia l  component more ancient than the ear th  i t s e l f .  Rocks s i m i l a r l y  
contain atmospheric gases, radiogenic gases, and sometimes pr imord ia l  gas. A 
new program i s  t o  design, construct, and operate apparatus which w i l l  analyze 
the elemental and isotopic  composition o f  ra re  gases from f l u i d  sources i n  the 
f i e l d ,  a t  or  near the sampling s i te .  Long-range s c i e n t i f i c  goals are t o  
search f o r  addi t ional  manifestat ions o f  pr imord ia l  gases and t o  see how they 
r e l a t e  t o  convection patterns w i t h i n  the earth. The ra re  gases from steam 
wel ls  and other geothermal energy sources w i l l  also be examined w i th  
p a r t i c u l a r  in te res t  i n  assaying the proport ions of recycled atmospheric gas 
versus radiogenic gas. While instrumentation f o r  f i e l d  studies on f l u i d s  i s  
being fabr icated, we are working w i t h  volcanic xenol i ths and suboceanic 
volcanic basal t s  where we have already observed in te res t i ng  elemental and 
iso top ic  patterns. 

This group maintains a cont inuing i n te res t  i n  geochronology, pa r t i cu  
i n  problems where phys ic is ts  -- as opposed t o  geologists -- can 
contr ibut ions.  Our work i n  establ ish ing the 39Ar-40Ar method o f  
dating i s  an example o f  t h i s  ki’nd o f  research. 

Studies i n  natura l  nucleosynthesis make use o f  meteorites and c 
contain t o  the chronology o f  nucleosynthesis. Rare gases are i n  pa r t  
products o f  e x t i n c t  and extant rad ioac t i v i t i es .  We also study 
inhomogeneities, such as we observe i n  the  carbonaceous chondrites 
l i k e l y  tha t  they or ig ina te  because o f  incomplete i so top ic  mixing o f  
w i th  d i f f e r e n t  h i s t o r i e s  o f  nucleosynthesis. 

ar  l y  
make 
K-Ar  

ues they 
daughter 
isotop ic  

It i s  
f rac t ions  

There i s  cur ren t ly  emphasis i n  our work on the carbonaceous, 
acid-resistant residues i n  chondr i t i c  meteorites which, although they 
represent less than one percent by weight o f  the stones, have been found t o  
carry  v i r t u a l l y  a l l  o f  the planetary gases trapped i n  these objects. Very 
markedly anomalous iso top ic  patterns f o r  xenon are observable i n  these 
residues a f t e r  the bulk o f  the gases have been released by se lect ive chemical 
treatments. 
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Contractor: UNIVERSITY OF CALIFORNIA 
I n s t i t u t e  o f  GeophySics and Planet 
Los Angeles, Ca l i fo rn ia  90024 

Contract : EY-76-S-03-0034 171 

T i t  le: I .  Compressi i ty  Measurements 

Person i n  Charge: G. C. Kennedy 

Scope o f  Work 

t rans i  ti ons was determi ned. emperature changes AT 
associated w i th  adiabatic asured and y has been 
calculated using the re la t i on  y discontinuous increase 
i n ,  (AT/AP) i s  observed which rease i n  when the sample 
undergoes a phase t rans i t ion .  

Measurements o f  the pres f o r  pyroxene and quartz also 
were made. I n  a l l  the cases, ATLAP = ( AT/AP)b x ( V / V o ) Q  where q i s  ' ~ 5  
or  6. This i s  very s imi la r  t o  o u r - e a r l i  vat ion,  on NaCl and on, some 
f l u i d s  such as methanol, ethano ane and the metals iron, 
lead, aluminum, indium and copp on other minerals aFe ..in 
progress. 

The f i r s t  and second pressure de r i va t i  f the e l a s t i c  moduli o f  fused 
quartz were determined by u l t rasonic  mea s o f  the sound ve loc i ty  as a 
funct ion o f  pressure. The second der ivat  r e  ' p o s i t i v e  i n  s ign and are 
larger  i n  magnitude than those i n  c rys ta l  a te r ia ls .  The data are used t o  
ca lcu late the adiabat ic compressi b i  1 i t y  ion-of-state, and the volume 
dependence o f  the GrUneisen constant. 

The Grheisen. parameter f K B r  and B i  through t h e i r  high pressure phase - 
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Contractor: UNIVERSITY OF CALIFORNIA 
I n s t i t u t e  o f  Geophysics and Planetary Physics 

t Los Angeles, C a l i f o r n i a  90024 

Contract: EY-76-S-03-0034 P.A. 224 

T i t l e :  11. The Relat ionship o f  Rock Physics t o  Geothermal Energy 

Persons i n  Charge: Orson L. Anderson and Nick Warren 

Scope o f  Work 

cont ro l led  
t o  a great extent  by the rock f rac tu re  and microstructure.  This grant 
continues our work on character iz ing the e f f e c t  o f  pores and cracks on rock 
bulk propert ies.  There are two areas o f  research: (1)  t ha t  o f  character iz ing 
rock microstructure using acoustic and petrographic methods; (2)  app l i ca t ion  
t o  character iz ing permeabi l i ty  and i t s  pressure de r i va t i ve  i n  terms o f  
microstructure.  The resu l t s  o f  our invest igat ions should be t o  g ive us more 
de ta i led  understanding o f  f rac tu re  and- crack proper t ies under geological  
condi t ions and o f  the e f fec ts  o f  de ta i led  crack spectra on bulk physical  
proper t ies as we l l  as new methods o f  measuring or  est imat ing averaged 
microst ructure d i s t r i b u t i o n s  i n  rock. 

Techno 1 o gy 

Propert ies o f  the Earth 's c rus t  a t  low overburden pressure ar 
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Contractor: COLUMBIA UNIVERSITY 
Lamont-Doherty Geological Observatory 
Palisades, New' York 10964 

Contract : EY - 7 6 4 - 0 2  - 3 134 

T i t  le:  I. A Comprehensive Study o f  the Seismotectonics o f  the 

Persons i n  charge: J. Davies, K. Jacob, and L. Sykes 

Scope o f  Work 

Tbe seismotectonics o f  the -eastern Aleut ian arc and associated volcanic 
systems are studied i n  a comprehensive program " to '  develop a coherent 
understanding of tec ton ic  p r  s a t -  t h i s  conv t p la te  margin. An 
important ob jec t ive  i s '  t o  s tu  1 acement of magma agma chambers beneath 
a volcano and i n  the,I'plumbin em" (cent ra l  vent d j a l  dykes) of the 
volcano through which ma eaches the surface. *during eruptions. 
Understanding these proces needed for evaluat ing f e a s i b i l i t y  o f  

ermal energy ex t rac t i on  e- volcanoes. For t h i s  purpose 
erate a dense seismic ne on an ac t ive  volcano (Pavlof)  and monitor 

other vo 1 canoes ( Aku tan, Maku 
t o  locate seismic events w i t h i n  an the volcano and 
propagation, attenuation, and time delays i nd i ca t i ve  o f  presence 
of substant ia l  bodies o f  magma i n  or' beneath the volcano. 
network i n  the Shumagin Islands segment1 o f  he eastern Aleut ian 
information on stress and s t r a i n  release i the arc-trench gap ad j  
volcanic arc. It i s  augmented by a c rus ta l  deformation monitor ing system 
using geodetic l eve l i ng  l i n e s  and mean-sea-level meters, some o f  which are 
s a t e l l i t e !  data transmission. These h igh l y  damped t i d e  gauges are i n s t a l l e d  on 
is lands i n  the arc-trench gap. The purpose o f  the combined monitor ing o f  
c rus ta l  deformation, seismic a c t i v i t y ,  and volcanism i s  t o  study the  
i n te r re la t i onsh ip  o f  c rus ta l  loading from p la te  subduction, c y c l i c  s t r a i n  
r e l i e f  by large earthquakes, and p e r i o d i c i t i e s  i n  volcanic erupt ive a c t i v i t y .  
There are ind icat ions t h a t  island-arc volcanism may be cont ro l led  by tec ton ic  
stresses transmit ted. f rom the subduction zone i n t o  the volcanic arc. To 
determine the o r ien ta t i on  o f  tec ton ic  stress systems we use fau l t -p lane 
solut ions o f  earthquakes i n  the seismical ly ac t i ve  por t ions o f  the arc-trench, 
system, and d i s t r i b u t i o n  o f  f lank  eruptions and dykes i n  the vo lcan ica l l y  
ac t i ve  port ions.  This comprehensive study provides, as a byproduct, important 
data f o r  seismic and volcanic hazards evaluat ion i n  the outer cont inenta l  
she l f  and coastal zones o f  the Alaska Peninsula which are present ly  under. 
consideration f o r  leasing f o r  o i l  and gas resource development. 

Eastern Aleut ian Arc and Associated Volcanic Systems 

se i smic s ta t ions  . 
A reg 

38 



Contractor: COLUMBIA UNIVERSITY 
Lamont-Doherty Geological Observatory 
Palisades, New York 10964 

Con t r ac t : EY-76-S-02-4054 

T i t  le: 11. F l u i d  Transport Propert ies o f  Rock Fractures a t  High 
Pressure and Temperature 

Persons i n  Charge: C. Scholz, T. Engelder 

ScoDe o f  Work 

Emphasis of t h i s  study i s  on mechanical-hydraulic interact ions,  i n  an 
attempt t o  understand the process o f  f rac tu re  c losure and i t s  inf luence on 
f racture permeabil i ty. To determine f l u i d  t ransport  propert ies o f  a f racture,  
we invest igated the  e f f e c t  o f  surface roughness, geometry and f i l l i n g  on 
f rac tu re  permeabi 1 i ty. We measured the permeabi 1 i t y  o f  whole and jo in ted  
Barre g ran i te  up t o  pressures o f  about 2 kbars. Jointed samples were ac tua l l y  
s p l i t  cy l inders jo ined by surfaces w i th  cont ro l led  surface roughness. Samples 
with induced tension f rac tu res  were also measured. The permeabi l i ty  o f  the  
whole rock, which ranged from about 10-6 t o  10-8 darcies, was 3 t o  4 
orders o f  magnitude less than the j o in ted  rock a t  a l l  pressures. 

Permeabil i ty was not a simple funct ion o f  the d i f ference between in te rna l  
f l u i d  pressure and conf in ing pressure. Changes i n  permeabi l i ty  were found t o  
be propor t ional  t o  (bP aP ) where Pc i s  conf in ing pressure, Pf i s  
f l u i d  pressure and the ragyo 8/a i s  re la ted  t o  both whole rock and j o i n t  
compressibi l i ty .  The value o f  b/a was close to-one f o r  the whole rock and 
most h igh l y  pol ished surfaces, but decreased s l i g h t l y  w i th  increasing surface 
roughness., Not only d i d  conf in ing pressure" have a s l i g h t l y  greater e f f e c t  
than f l u i d  pressure on permeabil i ty, but  the order i n  which the rock was 
subjected t o  changes i n  Pc or Pf also af fected the permeabil i ty. 
Increasing Pc f i r s t  resul ted i n  lowe,r permeabi l i t ies  a t  the same value o f  
(Pc-Pf) than when Pc and Pf were increased simultaneously. 

Both permeabi 1 i t y  -and jo in t s  aperture Itdecreased smoothly w i th  normal 
stress t o  an a r b i t r a r i l y  small f r a c t i o n  o f  t h e i r  zero pressure values. The 
e f f e c t i v e  pressure (Pc-Pf) a t  which t h i s  f r a c t i o n  was reached was greatest 
i n  the  whole rock and decreased w i th  j o i n t  surface roughness. 
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Contractor: MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Department o f  Earth and Planetary Sc4ences 
Cambridge, Massachusetts 02139 

Con t r ac t : 

T i t l e :  

EY-76-S-02-2534 .. _ .  

I. Seismology o f  Crack Formation ‘ and I Natural Geothermal: 
Systems 

Person i n  Charge: K e i i t i  Aki 

Scope o f  Work I :. . 
..L. , . . ,’ .._. t r - 

We are developing. several*,seismic methods f o r  determining the s t ructure 
o f  geothermal energy source regions,,such as magma resewo i rs  and conduits i n  
a volcano or a hydrofractured crack o f  a hot dry  rock, geothermal .syste;n. We 
are taking a dual approach basedLon act ive and passive experiments. 

I n  the act ive experiment, we use an a r t l f i c i a l  source such as a buried 
explosion and study scattered w es i n  the near - f ie ld  and f a r - f i e l d  o f  a 
s t ructure upon which primary waves are incident.  Theoretical work i s  
conducted on d i f f r a c t i o n  o f  P w es inc ident  upon dry and f l u i d - f i l  
cracks. We also study r e f l e c t i o n  and transmission o f  e l a s t i c  waves 
o f  viscous l i q u i d  sandwiched i n  an e l a  body. These resu l t s  have 
i n  in te rpre t ing  seismic data obtained he Kilauea I k i  Volcano,.. H 
a t  the Fenton H i l l  Hot Dry Rock Geothe Slte, Los Alamos, N&- Mexi 
defining location, shape, and s ize  o f  f l u i d - f i l l e d  cracks. 

I n  the passive experiment, we use seismic s ignals generated’ from the  
geothermal energy source region t o  determine physical parameters o f  the 
geothermal system. Theoretical work i s  being done on the seismic motion o f f  a 
f l u i d - f i l l e d  crack due t o  j e rky  extensions. The resu l t s  are being applied t o  
volcanic tremors observed i n  Hawaii f o r  determining the mechanism o f  magma 
transport  under Hawaii. Seismic data from the USGS Ki lauea network were 
d i g i t i z e d  and are cur ren t ly  belng analyzed. Detai led seismic studies o f  
thermal cracks i n  Kilauea I k i  determine t h e i r  source parameters such as foca l  
depths and seismic moments. A s im i l a r !  study i s  underway on microseismic 
events which are generated when the f rac tu re  o f  Fenton H i l l  Hot Dry, Roc 

’ Geothermal system i s  pressurized. i 

’ ,  
A network of d i g i t a l  event recorders i s  being constructed and tested ( fo r  

co l l ec t i on  o f  h igh q u a l i t y  seismic data. 

. -  
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Contractor: MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

Department o f  Earth and Planetary Sciences 
Cambr i dg e, Massachusetts 02 1 39 

Con t r ac t : ER-78-S-02-4972. A000 

T i t  le: 11. Microcrack Technology 

Person i n  Charge: Gene Simnons 

Scope o f  Work 

The object  o f  t h i s  p ro jec t  i s  t o  develop methods o f  using data obtainable 
from microcracks i n  rocks. We are i n i t i a l l y  examining a s u i t e  o f  rocks from 
two geothermal s i tes,  Cos0 and Raft  River. The scanning e lec t ron  microscope 
and petrographic microscope are used t o  determine morphology, spa t ia l  and 
temporal re lat ionships,  and degree o f  seal ing o f  microcracks. Energy 
dispersive x-ray systems and the e lec t ron  microprobe are used t o  determine the 
elemental Gomposition o f  host grains, crack seal ing minerals, and small ( less 
than 1000 A) grains t h a t  are dispersed along many sealed cracks. D i f f e r e n t i a l  
s t r a i n  analysis, a new high precis ion s t r a i n  measuring technique, y i e l d s  
information about open microcracks: the o r ien ta t i on  o f  sets o f  cracks, the 
d i s t r i b u t i o n  o f  volumetric and l i nea r  crack po ros i t y  w i th  respect t o  the 
closure pressure o f  i nd i v idua l  cracks. 
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Contractor: NATIONAL ,MAD 
Washington, D 

Contract : E( 49-1)-3772 

T i t  le: I. Studies i n  Geophysics 

Person i n  Charge: Pembroke 3. Hart ’ 

Scope o f  Work 

Research Council i s  conducting eophysics dealsing 
t imely  s c i e n t i f i c  and soc leta l  and . t h e  corr  

The Geophysics Research ti ona 1 Academy-Nat 

demand on geophysical know1 edge. . .  

The series o f  studies, 
consist ing pr imar i l y  .of;. member 
Each study .is. conducted by a, p 
inCl,ude:+ (1) problem-oriented s t  eophysical knowdedge 
i n .  >connec$ion ,.with x l i m a t i c  v 
resources, geothermal and 0th 
quality,. and food; and (2) s 
programs i n  geophysics, s t  
geophysics, impact o f  techno1 
p r i o r i t i e s .  Two or three s tu 
series o f  studies i s  supporte 

The panel f o r  each study 
the study. These papers are presen$ed-at a su i tab le symposium, a f te r  which, 
the authors prepare t h e i r  f i n a l  pa Each study contains an introductory 
section providing a synthesis o f  t olume, findings, and recommendations, 
and discussing i t s  r e l a t i o n  t o  o studies. Ident i f i ca t ion  o f  soc ieta l  
issues and assessment o f  adequa geophysical knowledge i s  the basic 
element o f  these studies. The co but important question o f  p r i o r i t i e s  i s  
considered by each panel. 

The proposed modu 1 ar pattern f s i n  Geophysics was designed 
t o  permit select ion o f  the most time1 i c s  and- rap id completion o f  
ind iv idual  studies t o  meet the fol lowing objectives:’ 

” 

(1)  t o  set f o r t h  the curren and prospective contr ibut ions tha t  the 
geophysical sciences can ake t o  such concerns o f  mankind as energy, 
nonrenewable resources, and the environment; 

(2) t o  provide government o f f9c ia l s  w i th  technological and s 
evaluations tha t  can serve as a ra t i ona l  basis f o r  decis io 
i n  matters involv ing geophysical research and knowledge, 
po l i c i es  and programs; 

(3) t o  provide t o  the s c i e n t i f i c  comnunity i t s e l f  a basis f o r  r a t i  
judgments wi th  respect t o  the development o f  the ?basic scienc 
geophysics i n  the broad sense and w i th  respect t o  the re1 

, 
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importance t o  soc iety  o f  the developments w i th in  various branches 
geophysics. 

o f  

A. Studies Completed 

Some o f  the p r inc ipa l  resu l ts  and recommendations o f  the studies 
tha t  have been completed are out l ined below: 

1. Energy and Climate (Ro er R. Revelle, Panel Chairman. Published 

A p r i nc ipa l  conclusion o f  the repor t  Energy and Climate i s  t h a t  
the c l ima t i c  e f fec ts  o f  carbon-dioxide release may be the primary 
l i m i t i n g  fac to r  on u t i 1  1 fue l s  over the next few 
centuries. On the,bas or growth o f  energy use f o r  
the next century, an. i dioxide concentrat ion i n  the 
atmosphere by a fac to r  eseen f o r  the l a t t e r  p a r t  o f  
the twenty-second cent t i c i p a t e s  t h a t  the th rea t  
o f  a corresponding i nc eratures o f  over 6" C would 
lead t o  a curtai lment s s i l  f u e l  use long before 
t h i s  scenario could f u l - l y  unfold:. Speci f ic  recomnendations are made 
f o r  research t o  reduce uncertainbies ,and f i l l  gaps i n  our knowledge 
regarding the physical and b io log ica l '  processes involved. 

- The p r inc ipa l  conclusions o f  'the study were announced t o  the 
s c i e n t i f i c  comnunity and to,<the pub-lic a t  a news cxTerence held on 
Ju ly  22, 1977 a t  the Academy. 

9 58 pages, 9 . 5 0 7  

. .  
2. C1 imate, C1 imat ic  Change,' and 'Water "Supply (James R. Wall Is, Panel 

Chairman. Published 19//; 132 pages 6 m )  
. .  
Lack o f  water. ham n and economic growth i n  some 

areas o f  the world, bu eas it i s  cotnnon t o  th ink  o f  
water as a resource t h  i t h i n  the bounds imposed by a 
s ta t ionary regional c l  ed, prolonged, and widespread 
shortages o f  water res imat ic  change could have an 
unsett l ing,  andc depres egional, and poss ib ly  even the  
na t iona l  economy. However, f o r  a number o f  reasons, inc lud ing 
i n s t i t u t i o n a l  fac to rs  associated w i th  water resource design 
considered i n  the context o f  c l i m a t i c  change, the r a t e  a t  which it 

t o  occur, and our a b i l i t y  t o  p red ic t  -it, it does not 
o c a l l  f o r '  a rad i ca l  rev is ion  o f  current water 

i n  c l imate t h a t  would cause us 
eans impossible,, and , there i s  a 
t 'wou ld  al low f o r  m i t i ga t i on  of 

at'ic chhnges on fu tu re  .water supplies. 
examines the re la t ionsh ip  between 
te, and c l ima t i c  change> and points  out 

areas where--deficiencies in; knowledge and information make r a t i o n a l  
water resource decision making more d i f f i c u l t  than it need be. 
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water bod i es , 

i nc 1 udes recomnend 

* I  

e r  "atmosphere and 
It i s  natural  t o  

' o f  the interest ing 
been ' solved. The , 

warnings can redu 

fanning i s  wel l  

.*  Newell, Panel 

y s i c a l  research, 
ch. techniques it  ~ 

s extensively t o  
amples inc lu  

es, ocean' .resource 
weat her mod if  i cat  i on; 

r .  
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cl imate predict ion,  and earthquake predic t ion.  This study focuses 
on the importance o f  technology t o  geophysical research and 
i l l u s t r a t e s  tha t  importance rather  than attempting t o  create an 
exhaustive catalogue. The study was presented a t  the Pmerican 
Geophysical Union meeting i n  December 1977 and a f i r s t  d r a f t  o f  the 
repor t  i s  complete and under review. Publ icat ion i s  expected i n  
1978. 

2. Continental Tectonics (B. Clark Burchf ie l ,  Panel Chairman) 

Continental areas o f  the world are man’s natural  habi tat ;  thus, 
i t  seems only  reasonable tha t  a s ign i f i can t  research e f f o r t  should 
be d i rected toward obta in ing greater knowledge o f  our land areas and 
t h e i r  in ter face a t  cont inental  margins w i th  the marine environment. 
Focus i n  the next decade on- cont inental  geology, i n  i t s  broadest 
sense, and a l l  processes t h a t  a f fec t . t he  continents, both w i t h i n  and 
below the l ithosphere, should be a major goal o f  earth science. The 
ma jo r i t y  o f  our mater ia l  resources accessible over the next decade 
i s  on continents, and the formation o f  both m e t a l l i c  and 
non-metal l ic ore deposits i n  r e l a t i o n  t o  cont inental  evolut ion 
should be o f  p r i nc ipa l  i n te res t  t o  a l l  earth sc ien t is ts .  The panel 
members have been selected and t h e i r  papers were presented a t  the 
meeting o f  the h e r i c a n  Geophysical Union i n  April 1978. 

. 

3. Mineral Resources (Paul 8. Barton, Panel Chairman) 

Because o f  the increasing sca rc i t y  o f  a growing number o f  
essent ia l  elements, an improved understanding o f  the fundamental 
processes t h a t  determine the loca t ion  o f  ore bodies i s  needed. This 
study w i l l  be a j o i n t  undertaking o f  the GSC and the U.S. National 
Committee on Geochemistry. Among. the  top ics and issues i n  t h i s  
study are: s i t es  and leve l  o f  e f f o r t  o f  present research and t h e i r  
e f f e c t  on basic understanding o f  mineral resources; gaps i n  data and 
research both current and projected; impl icat ions o,f leve l  o f  
research t o  supplies o f  c r i t i c a l  minerals; and evaluat ion o f  
understanding o f  processes o f  mineral concentration. Panel members 
have been selected and their”papers are scheduled t o  be presented a t  
the Geological Society o f  America meeting i n  October 1978. 

4. Sun, Weather, and Climate 

The question t o  be addressed by t h i s  study i s :  Do changes i n  
Past studies 

t i o n  have been confused by erroneous s t a t i s t i c a l  
he lack o f  i d e n t i f i a b l e  physical  nisms r e l a t i n g  
r s  t o  weather and climate. Because ecent resul ts ,  

it i s  t imely  t o  reexamine the  question. A chairman has been 
selected and proposed . top i cs  f o r  the study include solar 
v a r i a b i l i t y ,  empir ical  evidence f o r  meteorological e f fects ,  and a 
survey o f  possible physical  mechanisms. 

the sun influence weather‘or climate, and if so, how? 
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5. Paleoclimatology 

This subject has een a recurren heme i n  the '  studies car r ied  - 
out so f a r .  Topics i n  the study may include a recap i tu la t ion  o f  the 
r o l e  tha t  *paleoclimatology splays i n  determining the re la t ionsh ip"  
between cl imate and water and i n  p rov id ing  evidence f o r  models o f  
c l ima t i c  change re la ted  t o  projected energy use as developed i n  the 
stud i es "C 1 imat ly," and "Energy 
and C1 imate. the relevance. of 
paleocl  imatic s t  a1 mechanisms o f  
c-limate dynamic vened i n  1977. t o  
review the need 
repor t  recommend ing several d i f f e r e n t  kinds o f  stud 
t h a t  meet i ng . 

i 

C. Geophysics Study Comnittee 

The Geophysics udy. Committee was- establ ished t o  serve as a 
steer ing committee t plement the plan for the Studies i n  Geophysics. 
Members o f -  the Commi 

Charles L. Drake, 
Louis J. Battan, man 
P h i l i p  H. Abelson 
Richard M. Goody.. 
Francis S. Johnson 
Walter B. Langbein 
Thomas F. Malone 
Hugh Odishaw 
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Contractor: NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL 
Comnittee on Seismology 

Contract : EY-76-C-02-2708-003 

T i t l e :  11. P a r t i a l  Support f o r  the Committee on Seismology 

Person i n  Charge: Joseph W. Berg, Jr. 

Scope o f  Work 

The Comnittee on Seismology meets twice a year t o  discuss current top ics 
o f  major importance relevant t o  seismology, t o  review w i th  government agency 
personnel, i n  pa r t i cu la r ,  the actions tha t  have resu l ted  from recornendations 
o f  the Committee and i t s  panels, and t o  take actions t o  assure a healthy 
science which i s  i n  a pos i t i on  t o  provide maximum benef i t s  t o  the nation and 
t o  society. The two most recent w ) o r t s  were -published i n  1977. These are: 
(1) Trendi and Opportunit ies i n  Seismology, which deals w i th  major areas of 
concern t o  the U.S. c i t i tens- -geo log ica l  hazards, explorat ion f o r  energy and 
f o r  other resources, understanding the earth and p l  anets--and discusses ro les  
o f  government agencies, un ivers i t ies ,  and indus t ry  i n  helping t o  r e a l i z e  
benef i t s  t h a t  seismology can provide; and 
I t s  Uses, Potentials, and Support Requirements, 
s t a b i l i z e  funding f o r  networks, t o  1-e the Worldwide Standardized 
Seismograph Network, and t o  provide a d i g i t a l  data base f o r  research purposes 
i n  addi t ion t o  the ex i s t i ng  analog data base. 

(2)  

The new panels have been estagl ished as follows: (1) The Panel on 
Earthquake Problems Related t o  the S i t i n g  o f  C r i t i c a l  F a c i l i t i e s ,  which i s  
cu r ren t l y  w r i t i n g  a repor t  t h a t  w i l l  recomnend geolo i c a l  and seismological 
research t o  help i n  the s i t i n g  o f  c r i t i c a l  f a c i l i t i e s  4 such as dams, reactors, 
etc.); and (2) The Panel on National, Regional, and Local Seismograph 
Networks, which has been charged t o  review current p rac t ice  but t o  emphasize 
recomnendations f o r  f u t u r e  developments o f  such networks relevant t o  the needs 
o f  the nation and o f  the science. The reports from both panels probably w i l l  
be avai lable during 1979. 

The Comnittee on Seismology w i l l  continue t o  take actions which r e s u l t  i n  
recomnendations e i t h e r  by l e t t e r  or  by the more formal published report .  
Topics t h a t  could r e s u l t  i n  addi t ional  panels o f  the Committee are: (1)  new 
informat ion and ins igh ts  about the cont inental  United States t o  be gained from 
deep-refract ion and iceflection-seismic studies. (2) act ions t h a t  can be taken 
w i th  rea l  t ime mondtoring of earthquakes; and 13) planning , f o r  regional  data 
centers f o r  us’ing d i g i t a l  data. As necessary, the Committee w ? l l  es tab l i sh  ad 
hoc groups t o  attack important problems such as these, inc lud ing i n  tE 
=dies scient i f f  c and technical  evaluations and consideration. o f  imp1 i c a t  i ons 
f o r  soc i ety  . 
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Contractor: NOAA ENvIRON ES 
Space Enviro 
Boulder, Col 

\ 

Contract : 

- .  I. So 1 ar -Terres tr i a1 Pred i c t i ons Program 
\ 

1 ,  

T i t l e :  

Person i n  Charge: Richard F. Donnelly 

i s  scheduled 

The working group 

empir ica l  background from 
A. Solar A c t i v i t y <  

1. Long-term solar var ia t ions  
2. Short-term solar  var ia t ions  

proton events, ac t i ve  .regia volut ion,  coronal holes and 
in te rp lanetary  phenomena;’ such as shocks, streams, and sector 
boundaries) 

B. Geomagnetic and Magnetosphere-Particle Disturbance Predict ions 

1. kInterpl  anetary-magnetosphere in te rac t ions  
2. 27-day recurrent storms 
3. Substorms 
4. 
5. P a r t i c l e  f l u c t u  

background). 

1. ‘ Magnetosphere-I 
2.’ F- and E-regions 

F1 are-re.1 ated magnetic storms 

C; Ionospheric P red ic t i  ion  t e c h  iques, 

1 a; Equator ia l  
b. Mid la t i tudes r 

c. High a l t i t u d e  
3. D-Region 

D. Sol ar-Weather Pred i c t  i ons 

E. Comnun i c a t i  ons Pred i c  ti ons 



1 .  

I 

* 

F. 

G. 
C 

1. Transionosphere: VHF, UHF.. . .Optical 
2. Ionosphere-reflected propagation: MF, HF 
3. Ionosphere waveguide: ELF, ULF, VLF, LF 

Geom ag ne t i c App 1 i cat  i on s 

1. Geomagnetic surveys 
2. High- lat i tude long-l ine power systems 
3. Pipelines 
4. Seismology 

Space-Craft Environment and Manned Space F l i g h t  Applications 

. .  . . - .  . .. 
. I  , :.. . .  

. .  . .  
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I Contractor: STANFORD UNI  VERS ITY r .  ./. 

Con t r ac t : 

T i t l e :  I. Poros i ty  w i th  Fluids: O r i  and Effec'ts "on* Physica 

Person i n  Charge: A. Nur 

Scope o f  Work 

A. 

Stanford, Gal 

EY-76-S-03-0326 045 

Propert ies !o f  Crustal Rock . 

* ,  
Poisson's Rat io  i n  Geothermal Areas.' I 

ve loc i t i es  i n  sandstone nd cracked granites, containing: hot 
steam, under various co t i ons  o f  conf in ing p essurei pore pressure and 
temperature. We f ind ,  as expected, t h a t  shear ve loc i t y  i s  higher i n  rock 
w i th  steam than i n  rock w i th  h o t .  compressional ve loc i t y  . 
shows the reverse r e  1 a t  ions h ip.  
Poissonis r a t i o  are low in, rock 
water. An unexpected r e s u l t  i s  
neighborhood o f  the phase t rans i t ion .  

the presence o f  steam- i n  geotherm 
Abnormal re f l ec t i ons  are expected- 
water. 

We measured i n  laboratory both - compressional and 

T I  

The resu l t s  are \iery encouraging i n  using Poisson 's' 3 

B. 

, Attenuation o f  seismic waves i n  porous rock was found i n  the  
1 aboratory t o  be r e  1 ated t o  severa 1 parameters : conf i n i ng pressure, 
nature o f  pore f l u i d ,  pore pressure, temperature, s t r a i n  amplitude, and 
the, densi ty o f  i n te rna l  surface area i n  rock. A t  present 'we are 
measuring Q t o  1 % and the  Associated wave dispersion t o  .1 %. Results 
show tha t  the presence o f  gas and l i q u i d  phases i n  porous rocks .lowers 
both Q and ve loc i t i es  r e l a t i v e  to' f u l l y  saturated end cases. Theoretical 
resu l t s  fu r the r  show tha t  the most l i k e l y  mechanism f o r  at tenuat ion i n  

'hot  c rus ta l  condi t ion i s  thermal relaxat ion.  

The resu l t s  thus'provide the physical basis f o r  the nature o f  wave 
propagation i n  hot reservoirs i n  the crust .  
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-L Contractor: U.S. GEOLOGICAL SURVEY 
L. National Center, Stop 959 

Reston, VA 22092 

Contract: EG-77-A-01-6150 

T i t  le: 1. National Center for the Thermodynamic Data of Minerals 
(Partial Support) 

Person i n  Charge: John L. Haas, Jr. 

Scope of Work 
c 

The National Center for the Thermodynamic Data of Minerals (Data Center) 
searches world l i terature on a 'continuing basis, retrieves and indexes papers 
pertaining to minerals and their synthetic analogs, extracts numerical data, 
and carries out c r i t i ca l  evaluation leading to  publication of tables and 
reviews. Primary emphasis is placed on coverage of numerical data needed t o  
understand the geological environment and to  u t i l i ze  i t s  resources. 
Specifically, the Data Center will develop cr i t i ca l ly  evaluated thermodynamic 
constants f o r  a l l  naturally occurring solid phases or chemical end-members, as 
appropriate, and will cooperate w i t h  other data centers of the National 
Standard Reference Data System on properties of gases and aqueous ions. The 
goal of the Data Center is to make available the following information: (1)  
For each mineral at  nominal intervals of 50 K from 0 t o  200 K tabulated heat 
capacities a t  constant pressure C" entropy S o  relative heat content H" 
(T)-H0(298.15K), Gibbs energy f u n k o n s  [Go (T)-H: (298.15KI /T, enthalpy o f  

-Q expansivity a. ( 9r Mathematical functions which closely describe energy and 
P volumetric properties of geologic materials. (3) Estimates of precision and 

accuracy of the tabulated data. (4 )  A synopsis o f  the data and assumptions 
that were considered i n  c r i t i ca l  review. (5) References t o  the source of a l l  
data used. 

* formation MB, free energy of formation @, equilibrium constant for  
* formation logloK molar volume V" , molar compressibility B, and molar 

Richard A. Robie, Bruce S. Hemingway, and James R. Fisher have completed 
a sumnary of available calorimetric data for  minerals (USGS Bulletin 1452). 

Critical evaluations on minerals i n  the system K20-Al203-Si02- 
H20 and CaO-Al203-Si02-H~O are i n  progress. In addition t o  
expanding these cr i t ical .  reviews to other s i l i ca te  systems, c r i t i ca l  reviews 
o f  sulfide systems are started. 

' 
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Contractor: WOODS HOLE OCEANOGRAPHIC .INSTITUTION, , . 
Woods Hole, Massachusetts 02543 

Contract : EG-77-S-02-4392 

T i t l e :  I .  Organic Geochemistry o f  Outer Continental Margin 

Person i n  Charge: J. M. Hunt 

Scope o f  Work 

A gas chromatograph-thermal d i s t i l l a t i o n  u n i t  has I been set up and 
being tested f o r  evaluating the  petreoleum po ten t i a l  o f  deep sea sediments. 
The study w i  11 determine f ree  hyilrocar and those ava i lab le  from cracking 
o f  organic matter i n  f ine-grained iments from the outer cont inental  
margins, slope,' and r i s e  of the ~ United States. It also w i l l  involve 
evaluating the type of kerogen ( inso lub le organic matter)  required t o  maximize 
hydrocarbon y i e l d s  i n  these areas .' 

Deep Ocean Sediments 4 ,  

t 

8 
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