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. iniorder “to -
»,the earth S

provide a sound underlay-of fundamental: s
DOE s ) many

atmospher1c, and solar/terrestrial:
missions. This research -may . be- conducted ﬂth ',
“industry, universities and other government agenC1e>_ :
for - payment of sa]ar1es, L

The summaries in this document, prepared by the 1nvestjgators, descr1be
the work performed during 1977 1nc1ude the. scope of the work:to :

1979 “The Division of - Eng1neer1ng, Mathem<
part of the Office of Energy Research, sup
research in  geology, petro]ogy,-=
solar-terrestrial re]at10nsh1ps, -aeronomy. , ‘resource
analysis, including .the ‘various'. ® "‘>{sions wand 1nterd1sc1p11nary
re1§t1onsh1ps, as well as their re]at1onsh1p’to the Department s technological
needs. e .
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ON-SITE




Contractor: Argonne National Laboratory |

Argonne, I11inois 60439

Contract: 109 ENG 38

Titler I. Geosciences Program

Person in Charge: F. A. Cafasso, M. Steindler

' Scope of Work

A.

Thermochemistry of Geothermal Materials (F. A. Cafasso/C. E. Johnson)

This program involves measurement of thermochemical properties og

minerals of geochemical - interes Enthal of formation 29
an entha? ygincrements (Hg-Hg s of sulfidgyminerals .are determfned gy

fluorine bomb and drop calorimetry respectively. Solution calorimetry is
being used to ‘determine hydration enthalpies of selected zeolites (e.g.

Mordenite and PhillipSite) and an attempt is being made to develop a
correlative scheme for predicting - hydration enthalpies of other
unmeasured zeolites. Research . is planned on enthalpies and  heat

capacities at elevated pressures of:- brine systems having compositions .

characteristic of geothermal systems.

Trace Element Transport in Geologic Media (M Seitz)

Transport of trace elements by flowing aqueous fluids through
geologic media at high temperatures: 1is  examined principally by

‘hydrothermal experiments.in which - Tiquid is pumped through packed columns

of rock or minerals. Infiltration experiments are used because migration
depends on flow rate, solution composition, and on solid-solution
impurities in minerals. In addition, migration is difficult to model
with thermodynamic .data derived from static experiments. Hydrothermal
experiments in the temperature range 50 to 600°C and at pressures to 500
bars are used to provide data on migration in geologic formations at
elevated temperatures. In' addition, high temperatures accelerate
reactions, and with consideration of temperature coefficients, chemical
mechanisms and phase stability, extrapolation to geologic time scales at
lower temperatures is pOSS1ble.

Studies are conducted or planned w1th cations (e.q., strontium,
cesium, and actinides) and anions (e.g., iodide) as trace elements with

hydrous silicates, feldspars, and quartz as the geologic ' media. S

Migration 1is studied as functions of pH and composition: including '
dissolved gases in aqueous solutions, and as functions of temperatures
and fluid flow. . ,




Contractor: BATELLE MEMORIAL INSTITUTE

Pacific Northwest Laboratories
Richland, Washington 99352

Contract: EY-76-C-06-1830

Title: I. Remote Sensing/Geoscience Data Analysis Methodology

Person in Charge: J. R. Eliason

Scope of Work

The objective of this program is to conduct research in remote sensing

and to develop data analysis methodology and instrumentation required to meet
DOE's needs for data relating to geoscience and the environment.

A.

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

Geological remote sensing is generally most effective when it can be
combined with other kinds of geological and geophysical data. Data
correlation methodologies are being developed to effectively acquire,

process, and utilize combinations of remote sens1ng and geophys1ca1 data

sets. These techniques will be based on conversion of remote sensing and
geophysical data into compatible digital data sets which can be analyzed
on high- speed digital computer systems and displayed on computer graphics
devices.

Image Enhancement and Classification (H. P. Foote)

Computer and .analog processing techniques are being developed for

- enhancing and analyzing multispectral satellite and aerial remote sensing

data. These techniques include spectral analysis, image enhancement,
noise filtering, pattern recognition, texture analysis and geographic
transformations. . o

Instrumentation Development (H P. Foote, G. A. Sandness)

PNL deve]ops aer1a1 1mag1ngj systems for specific ‘remote sensing
applications. = These .systems -:include.’ both optical, mechanical and
photographic systems which can.:be configured with various sensors or
film. Also, an interactive d1gita1 ‘system -is being developed to conduct

- data.analysis- required to produce final. remote sensing data products.

~Simulation of Solid ‘Earth Processes (H P. Foote)

Advanced data analysis methodo]ogies are used by PNL geoscientists
to better . understand large-scale geologic processes. in the Pacific

Northwest Region. These studies.. wi]l provide data needed. to develop an
initial simulation model of tectonic processes in this region.




COntractor:‘ BATTELLE MEMORIAL INSTITUTE
: : Pacific Northwest Laboratory
R1ch1and Nashington ‘ 99352

- Contract:  EY-76-C-06-1830

Title: : II. DeveTopment -and Operation of DOE Insoiation Aeronomy
- - Observatory : .

Person in Charge;‘ R. A. Stokes

'Scope of Work

, The 1nsoTation and aeronomy programs at Batteiie Observatory are
concerned with measurement and characterization of’ ground based solar flux
(1nsoTation) and- nighttime,, upper- atmospheric,, opticai emissions (auroras).
The insolation program. is ~directed ~toward - 'spectral. resolution  ‘studies of
direct and diffuse solar radiation and thh spatial resolution measurements of
the diffuse component of solar radiation Data acquired in the program will
have direct applicability to ‘solar" ‘power. “site evaTuations, photovoitaic and
photo-biological:programs, and it will provide the basis for a quantification
of 1nsoTation modification by cTouds and aerosois

development has proceeded in paraT]e] - The., aeronomy - “program has focusedh on

use of nighttime optical emissions as.
the state of .the upper atmosphere
interaction region. It is 1mportantw
earth's magnetosphere because it infiue
protect the ozone layer,. significantTy
has been recently suggested ‘that there
between the state of the magnetosphere

diagnostic tool for investigation of
and . the pTasmasphere-magnetosphere'
btain -a’ good' understanding of the
es- not only radiation belts but helps
s radio - communications, and it
ts‘a’'close but subtle "relationship
terrestrial weather.

A. . Insolation Studies (J J. Michalsky, E w KTeckner)

1. Ana1y51s

Anaiy51s of 1nsoTation data proceeds "at - several levels. The
,,fundamentai objective is to. prov1de carefuily calibrated spectral
data in the 300-1100 nm range £ xpotentiai users. . Data is to be
archived at ‘the - Nationai ‘CYimatic . Center . in Ashev111e, . North

Carolina. -Direct solar measurements through: ‘seven filters are" taken\_ :

at five-minute intervals throughout each day, . -and: Aall- sky .scans are
" made every half’hour. -Routine data’collection:also . includes higher‘”'

spatial resolution .solar-zénith and solar almucantar scans -at
" half-hour intervals:. -On clear: days, data provided by these Jatter

measurements 'as well as ‘direct measurements will be used to derive
aerosol properties inciuding average. size, size distribution, ~index ..
.. - of refraction and, of course, quantity. A°good ‘deal of ‘{nterest - has
- _been -indicated: by 'several. investigators . in the- diffuse measurements_
as _they - will’ be of  value in quantifying ' radiative transfer,
v properties of clouds.. . S .




iEerriment ,

The princ1pa1 goai in this area’ is to measure and calibrate
solar, radiation both direct and -diffuse at seven specific
wave]engths. To this ‘end; a -Mobile Automatic Scanning Photometer
has been developed. It is a dual-purpose instrument which makes
nighttime observations as well.

The instrument measures insolation in spectral bands centered
at 395.0. nm, 470.0 nm,:.570.0' nm, 680.0 nm, 785.0 nm, 900.0 nm and
1010.0 nm. .The:field of view of the.solar photometer is 1.5° . The
basic scanning: sequence -was. outiinedtabove. Basic data yield both
direct and diffuse measurements .of radiation. We are in a

total radiation: amounts for any orientation of a collector. The

-detection mode-allows. a basic:stabiiity in the ‘measurement of 2 %

and. the instrument moduie is portabie and suitabie for remote siting.

Aeron omy- (L. L. Smith E. W. Kleckner)

’ 1.

| -Ana1151

--tg.;atmospheric optical- emissions{ican
.‘{features~and -dynamic- processes;;of

-The wealth of aurora 1 .'which have optical emissions
and occur in the- mid-latitude region is notable. The prominent
features are Stable Auroral:Red arcs} -(SAR arc), Hydrogen arcs (H
arc) and Diffuse Aurora (DIF o

| The concept that patterng and“spectrum comp051tion of upper
be :used: :to monitor structural
he magnetosphere is extremely

g useful. A recent]y completed” analysis. program -included correlating

" __nights when observations: ..
: spectral energies were: obta ned‘bw*the ISIS-1I5.AEC, AED and ESRO-4
. satellites - simultaneously: -whén

- spectrall

of .- plasma.. densities, temperatures and

-when-" ground observations of auroral
opticai em1551ons were:: obtained +by - .the. ‘MASP -units at Battelle
#Richland;= n,-'and- at- Hinsdale, Montana. A high

~idence was found between the ground-based observed
! 2 §oundary of the;diffusei6300A auroral:emission with the
equatorward .. boundary = .of .isatellite . observed.. soft particle
pitation -and the F- region electron den51ty trough poleward

f..diffuse aurora-is indeed ‘the - 1onospheric counterpart of

i~the‘p1asmasheet earthward: boundary, -the 6300A - diffuse boundary may

afford- a: means of monitoring convection characteristics of the
gsoft near-earth,- piasmasheet boundary over 1large spans
of time and activity. s

o Observations

a.'5TBatte]“efObservatory

Beginning in September ]967, all-sky photometric
observations of the emissions [0I] 5577A, Nz + 4278A and W8
4861, and continuums 5350, 6080, and 7150A have been taken
routinely on all cloudless, moonless nights from Battelle

5




o 10°, ‘15°, .20°;, 30°" and 50° ' S1ncef“the *photometr1c field of S

Observatory (latitude 46,4°N, Tongitude 119.6° W), Richland, -

Washington. The " observing - techn1que .consists --0f -'scanning"
the_'night .sky.in.~a series.of, .almucantars .at elevations

view is’ approx1mate1y 52, these scans adequate]y cover the;l
entire circle of: v1ew. ook e e 4 ‘
L T A :

Global Program ,._4‘

Because most deta11ed wnvestlga ions ° have been done at“‘7
s1ng]e stat1ons, understand1ng the emission patterns tends. to -

be reg1ona1 Synthes1s that- m1ght be prov1ded by s1mu1taneou5‘» .
.agloba1 observat1ons 1s ]ack1ng :

, What 1s needed 1s LA set of s1mpﬂ”t e11ab1e, 1dent1ca1
optica] 1nstruments d1spersed over i # 'g1obe Battel]e ‘has
developed i such:: ani- instrument - ca]]ed _the“Mob11e . Automatic

Scanning Photometer (MASP). . :The ~ same all- sky scanning

technique presently used. at’ Battel]e Observatory is:" implemented
on the MASP. The main thrust of . the aeronomy observational
program is siting, ca]ibrat1ng and operating MASP .units as a
part of the."Global Patterns" program. . Three MASP . units are -
now in operation, one”at” Battélle.Observatory (latitude 46.4. N,

Tongitude: 119.6:W), one atiH1nsda1e, Montana ‘(latitude :48.6 "N, A-me;f
“Boulder; * Colérado (1at1tudegz- -
_ata are ‘now' “being: ‘received - from

Tongitude 107: 1°H), ‘and-::on
40.1°N, longitude 105.2 W):."|
these stat1ons and ana]ysis programs have been 1n1t1ated

Batte]ﬂe 0bservator- ‘member of the Internat1ona1
Magnetospher1c Study (IMA ne: MASP-init has been constructed
and installed, and it:is now rov1d1ng data from Iron  Mountain,
(1atitude 45.8° “N,= -longitude 88 1° W), _through this
collaboration. Funds ~have :been-: rece1ved 0 build two
additional units <for ‘this ' program. This col]aboration has
proven to be a great asset to -aeronomy ' research goals: The IMS"
program has’ organ1zed -a _data center- in Boulder,; Colorado, at
which each- member: reports his .observations "and:*can also

_ retrieve whatever observations other members report that 1s .

pert1nent to his research




Contractor: LAWRENCE BERKELEY LABORATORY
University of California
Berkeley, California 94720

Contract: W-7405-ENG-48

Title: I. Geosciences Program

Person in Charge: Paul A. Witherspoon

Scope of Work

The Geosciences Program at Lawrence Berkeley Laboratory consists of four
projects, three of which support the DOE effort in developing geothermal
energy. These three projects cover investigations in reservoir dynamics,
rock-fluid system properties, brine chemistry, geochemistry and mass transfer,
thermodynamics of magmas, and collection and dissemination of geothermal
information. The fourth project ‘- addresses problems relating to chemical
transport in material systems, and has several applications including problems
relating to leaching and transport of radioactive waste.

A. Geosciences Relation to Geotherﬁal Energy (P. A. Witherspoon)

Background. The purpose of this project which was started in FY
1975 is to apply the principles  of -thermodynamics, hydrodynamics and
geochemistry to geothermal and.related systems. The investigations are a
necessary part of the LBL program to develop geothermal energy from low-
salinity, high-temperature brines. ‘However, results of investigations
will have broader impact in geothermal energy development from other
sources and in subsurface enérgy storge. -

Four areas are being inve§tigéted;

. Reservoir Dynamics

Rock~-Fluid System Propert1es at High Temperatures and
Pressures

Thermodynamics of H1gh Temperature Brines
Geochemistry and Mass Transfer in Geothermal Systems

W N —d
) .

The proposed uofk in these areas for FY 1979 is discussed below.

1. Reservo1r Dynamics (P. A. Witherspoon and C. F. Tsang)

The purpose of this project is to investigate geotherma] and
hydrogeological systems with the follow1ng obJect1ves

1.  To understand the physics and chemistry of mass and energy
‘transport in geological systems.

. To isolate and focus on critical physical and chemical
phenomena in these systems.

To simulate and study their behavior under natural conditions.
To predict their response when disturbed by man.

To determine optimal exploitation methods.

OV W N




~ These objectives are accomp11shed by "developing mathemat1ca1
techniques, computer codes and physical .models, incorporating
thermodynamic, - hydrodynamic, ‘and other - phys1ca1 and chemical
principles. Beginning FY 1979, the efforts in this element of our .
research program may be d1v1ded into two -subareas: (1) Isothermal
and (2) Non-isothermal. The .former: “includés studies of flow in
complex ground water bas1ns, simulation of transient flow ..in
three-dimensional saturated- unsaturated deformable ‘systems, and~‘
calculation of the flow to wells “in. systems with or without
fractures. The latter ‘includes various studies 1in geothermal
reservoirs and the prob]ems of hot water storage in aquifers. L

a. Isotherma] Mathematica1 models - have been developed. ‘to~

simulate fransient flow of water. in- saturated unsaturated L

deformable systems in" three: dimens1ons . These models are:
formulations 1nc1ud1ng the 1ntegrated f1nite ‘difference method
as well as a:new approach involving-a blend of the integrated
finite:differenge concept with .the ..well-known finite element
method, combining the spec1a1 advantages of these techniques.

During FY 1979, 1t is ‘proposed” "to- 1n1tiate work in two new
areas, in addition: to- updating, improving - and modifyin
existing computer. programs.”'The two new areas include: (1

study of relations. between: pore fluid. pressure-._and.; - rock-. R
stresses in multiphase: systems, and -(2) -study ‘of -the" prob]em ~of

parameter estimation of modeIS “by means of ‘history matching

b. Non-isothermal. Stud1esw 11 - be made to incorporate. gas
solution chemistry into-a: three-dimen51ona1 two-phase numerical
mode1. Work will also be. done on double diffusion, which is a
process that results when ‘two. components such as heat and salt
(or another dissolved compos ) have different diffusivities.
Instabilities in the flow can'result - when the two components
make opposing contributions ito a vertical density gradient.
This instability could -have an effect on the flow of injected

~ brine in a geothermal: - reservoir. The double diffusion
phenomenon could cause:mixing.of :injected . fluid with in situ
fluid resulting in precipitation ‘of 'salt _or it could affect ~the -
path of the 1njected fluid.. 'The 1limits of stab111ty for a -
fluid in a non-=porous med1um are known but what is. of interest
is stab111ty of fluid in a porous medium where porosity and
permeability of the rock will have an - effect. .- Two-dimensional
flow in a porous medium will be considered that "incorporates
both mass and heat transfer in order- to determine stability
limits, extent of mixing, and the genera1 importance of double
diffusion in porous media. : :

3Rock F]uid System Properties at High Temperatures and Pressures
(W. H. Somerton) T o _

Objectives -of the- present research .are to deve]op methods and

- equ1pment to measure ‘required rock properties - at. high temperatures

(to 400° C) and .-high pressures (1000 bars). Properties -‘to be.
measured include porosity, permeability, formation resistivity
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factor, dilatational and shear velocities, bulk and matrix
compressibilities and thermal properties including conductivity,
diffusivity, thermal expansion and the . evaporization-condensation-
capillary (heat pipe) parameter. Efforts will be made to combine
all or as many as possible of the above measurements in one test so
that correlation of results will be facilitated. Thermal properties
and behavior of rock-fluid systems will also be measured with use of
existing equipment. Since all of these measurements require complex
equipment and test procedures, efforts will be made to develop
models so that high-temperature, high-pressure behavior may be
predicted from more readily available data on the rock-fluid system.

Principal emphasis during FY 1978 was on thermal properties and
behavior of a large range of rock types. These included volcanics,
basalts, limestones and a wide range of sandstones, siltstones and
shales. These data are being catalogued and tested against
previously developed models and correlations. Work is continued on
an improved three-dimensional model of heat flow through multi-fluid
saturated porous media to aid in correlation work. A computer
program for specific heat calculations from oxide analyses was
revised and updated so that thermal diffusivity data can be provided
for the above rock-fluids system.

Permeability and fluid storage capacity measurements at high
temperatures and pressures will be made with redesigned equipment.
Tests will be run on a wide range of rock types saturated with
different fluids. Data will be correlated with models so that flow
and storage capacity behavior may be predicted from more easily
measured physical properties.

Thermodynamics of High Temperature Brines (K. S. Pitzer)

Theoretical and experimental studies of solution thermodynamics
of strong aqueous electrolytes over a wide temperature range
provides essential information for -technical utilization of many
geothermal resources. Theoretica] work has successfully dealt with
complex mixtures at room temperature, simple systems over wide
temperatures,. moderately-weak .electrolytes involving a dissociation
-equilibria, a and. moderately soluble electrolytes. . Future work will
continue using existing- -volumetric -and thermodynamic data for
modeling. The experimental. progam includes construction and use of
a flow calorimeter and of a densimeter measuring heat capacities and

. densities up to about 300° C.-and -1 kbar on -systems previously

unreported p]us extending. existing data to higher temperatures and
pressures.  Results will be.- 1ntegrated with theoretical work to
develop equations allowing prediction of properties . at temperatures
and compositions other than those measured. ,

After tests with NaCl, measurements will proceed to other pure
components important in geothermal fluids, KC1, CaClz,  MgClp,
NapSO4, MgSO4 etc., and then to mixtures. The aim is to
determine important parameters over the range to 300° C and 1 kbar
and to verify the accuracy of our equations for mixed electrolytes.
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B.

With experimental data becoming available it will be possible to -
extend modeling-calculations; of-the type so successful for NaCi at
high temperatures “to other salts and to mixtures. '

: 74.»‘ Geochemistry and Mass Transfer in Geotherma1 Systems (J. A. Apps)

Fiuid convection in a- geotherma] reserv01r ' ieads to
dissolution," transport and precipitation of * rock- forming minerals. .
These phenomena occur naturally. and -cause seaiing of - strata and;'.
development of confining beds in* geotherma] systems " During .
exploitation-of a geothermal reservoir, dissolution, transport:-and
reprecipitation processes "wWill be ‘“accelerated,: with potentially -
51gnificant declines - in reservoir production and  injection
capacity.  The objective of this project® is to determine and
quantify de]eterious effects, if any, which’ will® result from rapid

“withdrawal of hot water and * reinjection of - “spent fluids in a
- convecting géothermal reservoir.” A longer: term obJective will be to
“predict transport and. dep051tion behavior ““of ‘major rock forming
component and minor metal components in convecting geothermal
systems. Emphasis w111 be placed on  experiments to study - mineral
dissolution  kinetics’ These experiments will prov1de data on
- dissolution, transport ‘and’ precipitation of maJor rock forming

components in a geotherma] -reservoir..  Fluid - flow - -models..

incorporating these- processes. and hypothetical. cases’ 51mu1ating a
~ producing geotherma] reservoir are being evaiuated : S
' During FY 1979, we w1ii co]]ect data on dissolution rates of

tremolite, chlorite and 201s1te in° aqueous solutions at temperatures
ranging from 25°C to 400°C.  Solution samples will be taken from a
stirred one liter rechargeable autociave at periodic intervals and -
analyzed by atomic absorption and soft XRF techniques. Resulting
data will be evaluated .and models formulated to help identify
dissolution mechanisms and equilibrium thermodynamic relations
‘between solid'and‘aqueous'phases. _

Thermodynamic Properties of Si]icate Materials (I. S, E. Carmichael)

-‘Magmas are generated at depths of between 15 and 250 kms ‘1n the

. ‘earth, and their ascent towards the surface is governed largely by their

' thermodynamic ‘and transport’ properties “Some magmas reach the surface to

“form volcanoes, whereas others rise to w1th1n only ‘a few kilometers of

. r;' '1',‘

. the surface Where they congeai as 1gneous 1ntru51ons

This prOJect is a continu1ng 1nvestigat10n into. the properties of'f

~JG'51iicate Tiquids, with the *intention = of -‘measuring’ their ‘thermodynamic .~
7 properties as functions of compOSition, temperature,i and - pressure. -As.
->inatural silicateé: liquids ‘cover a-wide range * of Comp051t10n,' experiment5°

have been de51gned so that <partial molar properties can be derived.

Information is current]y .being obtained on ‘densities, vo]umes, and
‘thermal expanSiVities of- meits containing the- components Si0p, Tioz,

.-A1203, :Fe0, Mg0, ° - Ca0; Nap0~and* K20 in the- temperature. ‘range:’ from'."'

1000 to 1500“0 An apparatus has been deSigned ‘and built to - measure  the -

'uitrasonic ve]oCity in silicate magmas’ in ‘order “to * determine  the =

“adiabatic = compressibility. - From ~these measurements, the - isothermal
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compressibility and its temperature dependence will be obtained on
silicate melts of similar compositions to those used for density and
thermal expansion studies

The above experiments take no account of coordination in silicate
liquids as a function of pressure, and the density changes that could
ensue; experiments presently underway show that Al may change from
four-fold to six-fold coordination in some 1liquids. There 1is no
information on the compositional dependence of this change. Preliminary
results obtained in FY 1978 will be extended in FY 1979 to investigate
this dependence.

One of the major problems in understanding natural silicate 1liquids

~ is the paucity of data on the:heats of fusion of the common rock-forming

minerals. This is mainly due to the high temperatures involved, and it
is planned to design a drop calorimeter to operate up to 2000°C in order
to determine the heats of fusion of the dozen or so common minerals that
crystallize from magmas.

From -the study of natural 51licate liquids, it appears that certain
elements may migrate preferentially to a hot source (e.g., Sr) whereas
others may migrate preferentially to colder regions (e.g., Zr, REE). It
is proposed to measure the migration of a number of elements in a
silicate 1liquid with an imposed thermal gradient. From these
measurements will come both sign and magnitude of the Soret coefficient.

During FY 1979 sufficient measurements of adiabatic compressibility
should have been made to allow: the 'partial molar quantities to be
derived. With the completion of these measurements, the density of any
anhydrous silicate liquid, or magma, will-be described as a function of
pressure, temperature, and composition. .Studies of migration of a wide
variety of elements in a strong thermal gradient will be complete, and if
the results are significant, in terms of a geological time-scale;
experiments will be extended into the following year to complete the
preliminary investigation.

National Geothermal Information Resource (GRID) (S. L. Phillips)

The principal objective of the GRID program is to critically
evaluate and disseminate basic properties data on aqueous electreliyte
solutions (e.g. NaCl, KCI, CaClz) to 350° C, 50 MPa, and saturation
concentrations. The ba51c properties currentiy covered include the
following: (1) visc051ty (completed in 1977, for NaC1): (2) density
(completed in 1977, for CaClp); (3) thermal conductivity (completion

_expected .1978, for NaCl; (4) enthaipy (completion expected 1978, for
‘NaC1); (5) e]ectrica] conductivity, (6) free energy; (7) -entropy; (8)
'solubﬂity; (9) -activity coefficient; (10) osmotic coefficient

During FY 1979 thermal conductiv1ty data for aqueous sodium chloride
solutions will be compiled and a report issued on results of the work.
Enthalpy data on sodium chloride solutions is expected to be critically
evaluated, a correlation expression developed, and a report issued on
results of the evaluation.
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Chemical Transport in Natura1 Systems (L V. Benson and C. Carnahan)

In natura1 systems,,--chem1ca1 react1ons occur‘ pr1mar1Ly at
solid/1iquid interfaces. We .can group these reactions into three
. categories; prec1p1tat1on, ‘dissolution, and sorption (sorption 1is “taken
- to include 1ion exchange processes). - Little work -has been done. to
characterize sorptive propert1es of m1nerals common to. natural systems
and effects of dissolution and/or. prec1p1tat1on processes on the .sorption
process. For the most part, previous. exper1ments -provide 1nformat1on
only on a macroscopic level (1 e. distribution of. : solute . between solid
and aqueous phases at various solution concentrations). Since variables
which affect the sorption process have not been identified or thoroughly
studied, distribution data is often not .applicable.. We intend to ' study
var1ab1es which. influence the sorption process. and determine whether it
. is theoretically possible to. predict distribution of solute between . solid

. substrate and the aqueous. phase.. We a]so intend to study the feasibility
of performing experiments which are necessary . inputs to a predictive
theoretical model. During the first year, our research will be directed
toward a study of" sorpt1on of radioactively" "1abe1ed" solute species on
simple oxide and aluminosilicate surfaces. Surface characterization by
transmission electron microscopy and scann1ng ‘electron microscopy-. will be
done. The possibility of surface ' characterization by photoelectron,
Raman infrared and Auger e]ectron . spectroscopies will also be
investigated. From a study of sorpt1on jsotherms . we --hope to.-'begin-.to

understand the effect, if any, -of crysta111ne structurei,on sorpt1vef>2l’ A

behavior. We will a]so attempt to determine the form -of potential
distribution associated with the so11d surface and the importance of
lateral attraction/repulsion on sorption isotherms and derived heats of
sorption.
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Contractor: LAWRENCE LIVERMORE LABORATORY
University of California
Livermore, California 94550

Contract: W-7405-ENG-48

Title: I. Geosciences Program

Person in Charge: Robert N. Schock

Scope of Work

The geosciences program at LLL is organized to study physical and
chemical properties and responses of rocks that are important to DOE
programs. Current effort concentrates on basic rock mechanics (fracturing
with explosives, micro-structural analysis, and computer modeling of fracture)
and properties of rock-fluid systems. In the immediate future, work will
include studies of seismic Q, kinetics and transport in aqueous solutions, and
activities as part of a continental drilling program. All of these efforts
make use of experimental work, novel diagnostic techniques, and computer
modeling. Their common objective, from a scientific viewpoint, is to develop
models that may be used to pred1ct and understand behavior of the rock mass.

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

1. Rock Fracturing with Exp]osives

Explosively-induced fracturing of rock in the absence of a free
surface with purposes of fragmentation and permeability enhancement
has had 11tt1e prior scientific attention. The objectives of this
study are to understand effects of emplacement geometry, multiple
charge timing, confining pressure, and explosive design parameters
on fracturing.

Currently, several phases of this study have been completed or
are underway. A special explosive charge has been designed that
allows small, but repeatable and safe Tlaboratory detonations.
Detonation de]ay between two charges has no significant ability to
increase total fracture damage, but has a dramatic effect on
fracture orientation. Confining pressure, in ~a porous sandstone,
inhibits fracturing out of proportion to the effect expected from
simple strength cons1derat1ons, and is apparently the result of
absorption -of energy by pore collapse. A special water tank test
facility ‘is be1ng constructed that will allow measurement of

" explosive expansion adiabats to unusually low pressures and large
volumes. These parameters are thought to be of crucial importance
to fracturing. .

"~ New small-scale .experiments -are being prepared in the
laboratory to study the effect of a rate of loading of a borehole
wall which is lower than conventional explosives would provide, with
hopes of producing and lengthening fractures, even in porous media.
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o 2. M1cro-$tructura1 Rock. Ana1ysis

In order to study. effects of explosive]y-induced fracturing,
intermediate-rate tests, and quasi-static tests, with the objective
of deve]op1ng mechanistic models of behavior, ‘@  structural analysis:
facility is being developed. This facility will include capability
for statistical analysis of fracture patterns, since models cannot
be expected to produce exact one-to-one fracture mapping, but only a
general statistical correspondence. Techn1ques for which ‘equipment

or expertise are available include: ‘petrography, metallography, -

scanning-electron microscopy, Xx-ray ‘structural analysis, acoustic

analysis, tomography, and computer- assisted pattern recognition.

Currently, these facilities are in use to. study fracturing related
to detonation t1m1ng effects and conf1n1ng pressure effects

3. Computer Modeling,of Rock Fracture and Deformat1on

, The u1t1mate object1ve of rock mechan1cs studies under  this
program is to develop predictive models of rock behav1or that can be
used as design tools. for. field development of. energy and resource
recovery techn1ques. Two types ‘of- advanced mode11ng are currently
receiving attention. . One involves generation of discrete fractures
in a continuum fin1te-difference computer code framework, and ‘the
other involves motion of a discontinuous, blocky rock-mass, as might:
be encountered after fragnentation has occurred. The ~discrete
fracture propagatwon model is . in". its: initial stages. Particular
attention is given to formu]at1on of a model that ‘has a small number
of measurable physical parameters. This model will be applied to
results of exp]os1ve-fractur1ng experiments now underway The
discontinuous block model g app11ed ‘to- the problem of creation of a
rubble column for 1n s1tu retorting of o0il shale.

Rock-Fluid Systems (A. G. Duba)

Seismic velocity measurements and electrical resistivity
measurements are important field tools which can delineate structure and
extent of natural rock-fluid systems. This study will experimentally
relate seismic velocity, electrical resistivity, and permeability to
- pressure, temperature, pore pressure, fluid content, .~ and fluid
composition. Then, field measurements may be interpreted in ‘terms  of =
system models. In1t1a1 app11cat1on will be to a geothermal fluid system
in the Salton Sea Geothermal Field. Apparatus . is . developed with a
‘capability of 600°K and. 200 MPa, = with variable ~ saturations,

- concentrations of fluids, and dissolved. solids. Initial measurements

_have. encountered difficulties of - ‘material .. compatibility with the
. experimental environment. . Particular prob]ems have occurred with
Jacket1ng material and e1ectr1ca1 leads. ‘ - :

- . The data interpretation . portion of the program produced the.
-~ capability to model the forward problem of an. 1nsu1ator inside a good

conductor. In add1t1on, we designed a system which  allows determination -
‘of electrical conductivity parallel to a core axis without electrodes on
the ends of the core. This design, coup]ed with data analysis techn1ques
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similar to those used in x-ray tomography, allows - mapping of conductive
anomalies to a degree of precision not possible before.

Seismic Q in the Earth (F. E. Followill)

A unique suite of seismic and geologic data gathered through the LLL
seismic net will be used to calculate interval velocity and seismic Q
between reflectors in the Earth's mantle for the Basin and Range
Province. This will allow detailed knowledge of a particularly
interesting part of the upper mantle, from the viewpoint of plate
tectonics as applied to North America. There is strong application to
treaty verification of foreign nuclear testing.

Kinetics and Transport of Aqueous Solutions (D. Miller)

Computer models of processes in complex aqueous systems are being
developed. Included will be precipitation, diffusion, nucleation, heat
transfer, fluid flow, corrosion, and. chemical reaction. Potential
applications are in scale control- and other reactions in geothermal
brine, leaching, weathering, - precipitation of metal resources, and
leaching of radionuclides from:radioactive wastes. The basic development
work now underway has incorporated simple models of silica and sulfide
precipitation.

Continental Drilling: Subsurface Processes (R. N. Schock)

Planning has begun on a continental drilling probram within
DOE-Basic Energy Sciences. LLL will contribute to several facets of that
program: planning, data base management, geophysical modeling,

physical-chemical measurements .on recovered core and studies of a

hydrothermal system as part of  the goal -of drilling into a complete
magma-hydrothermal system. A 1listing of - planned new drill holes of
possible use in the drilling program is being compiled for publication.
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'Contractor: LOS ALAMOS SCIENTIFIC LABORATORY -
University of California . -
Los Alamos, New Mexico 87545 ‘

Contract: W-7805-ENG-36 o

Title: ‘ I. Solid Earth Geosciences

Person in Charge: R. R. Brownlee.

Scope of Work

The geoscience program‘at“LASL'was'conceived to provide 3a basic “reséfch: |
capability 1in support of the --applied experimental Hot Dry Rock (HDR)

geothermal energy (GTE) project. Although GTE remains a major focal point of

research projects, interests have = expanded into nuclear  and-. fossil fuels,"

waste management, and weapons-related. areas. Exper1menta1 and analytical
facilities primarily committed' to this program include electron probe
microanalyzer/scanning: electron microscope, -automated “single-crystal and
powder x-ray -diffraction, high-temperature ' and --pressure rock deformation
equipment, and a high-temperature/pressure experimental - petrology laboratory.
In addition, neutron activation, x-ray fluorescence, atomic absorption, and

~mass spectrometry facilities are regularly utilized under this program. - The.

:“ LASL computer fac111ty with “its  library of . hydrodynam1c, geochemical, - ande“;‘
'material codes is used extens1ve1y, and LASL:scientists in related - f1e1ds are =

- consulted regularly. It is the- strong ‘basic - research capab111ty in
- geosciences which has enabled LASL: to. successfully seek coordinated and
- complementary applied research programs 1n the areas of geothermal energy
exploration, r'ad1oact1ve waste management;, and weapons-related geosciences.

A. Field, Analytical and Theoretical Petroloq_

1. Silicic Volcanic Fields - Sources of Geothermal Energy,
Western United States (B. Crowe, J. C. Eichelberger, F. Goff, G.
- Heiken, A. W. TaughTin, J. Smyth)

The origin, magmatic evolution, and'coo1ing history. of igneous

bodies associated with young volcanic fields are important factors .
that determine energy reserves . of geothermal fields. 0n-go1ng,"'

research provides information concerning the evolution of several

major volcanic fields. Petrological and tephrochronological (the,'» |
study of the age and spatial distribution of explosively ejected

volcanic debris) studies of the Medicine Lake volcanic center

suggest the field is underlain by a relatively small and sha]low_tf 

magma body. Field studies of the internal structures of dissected

volcanoes in the central High Cascade Range provide an understanding =

. of mechanisms of growth and shallow 1eve1 p1umb1ng systems of
andesite volcanoes ?composite cones). '

A goal of petrologic work is to predict'piesence of large magma

reservoirs within the crust from petrology of surface lavas. Useful
criteria are: (1) evidence of crustal melting, (2) evidence of
convective stirring of large batches of magma, :(3) similarity of
certain volcanic rocks to pluton-forming crystalline rocks. In
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addition, evolution of magma reservoirs within the crust is
investigated through analysis of frozen reservoirs exposed by
erosion, and studies of large-volume tuff sheets. Results apply to
the problem of crustal evolution.

Volcanic hazard analysis of future volcanic activity in the
western United States is studied for the terminal radioactive waste
storage program. This work consists of three parts: (1) a worst
case scenario predicting disruptive events and potential biosphere
pathways due to breaching of a vault by volcanic activity; (2)
prediction of high risk zones or provinces of future volcanic
activity in the western United States; (3) development and
evaluation of calculation procedures to determine risk probabilities
of volcanic activity. ,

Rio Grande Rift (J. Bridwell, W. S. Baldridge, J. C. Eichelberger,
J. Smyth, R. Riecker)

Integrated research of field relations,  petrology, chemistry,

age dating, rare earth data, deformation mechanisms, and numerical

models are directed toward understanding structure, tectonics, and
magmatic evolution of the Rio Grande Rift (RGR).

. . Basalt sampies_collected*from the length of the RGR provide
approximately 100 whole rock analyses, 30 rare earth analyses, and
interpretations on composition of the upper mantle and magma
genesis. These parameters provide constraints on comprehensive
models of major geothermal: anomalies. Ultramafic xenoliths
collected along the RGR are analyzed to provide P, T conditions from
pyroxene geothermometry techniques. Direct estimates of stress from
deformation fabrics of -olivine xenocrysts provide a qualitative
picture of stress in the lithosphere along the 1length of a major
continental rift.

Mantle Petro]oqx.(J Smyth)

A computer program casts ‘chemical analyses of rocks, either
real or hypothetical, into a suite of "normative" minerals, similar
to CIPW-norm minerals, but more . appropriate to assemblages at 30
kbar. Results .apply to .observational petrology and planetary
science. Mineralogy and. petrology of natural high pressure
assemblages from basalt and kimberlite nodules will enhance modeling
capability.

Waste Management (B. Crowe, J. Smyth)

Lo The BanQelier Tuff consists of.a th1Ck sequence of ash-flow and
air-fall-tuff that encircles ‘the Jemez Mountains.  Detailed volcanic
stratigraphy of tuff and variations in geochemistry and physical
propertiées related to eruptive and post-emplacement processes were
determined. These data .are used to characterize the geological
environment of waste disposal sites within the Bandelier Tuff on

LASL property.
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C.

e1smo]og (K 01sen, D. Cash F Homuth C Newton)

The obJect1ves of th1s program are (1) to determine ‘regional’

- background seismicity in order to assess. possible -effects of LASL

.programs on seismic activity; (2) to determine probability of earthquake
- damage to LASL facilities; . and: (3) to ' evaluate regional crustal and
“ mantle structure. o . Lo .

Northern New Mexico crusta] “and mantle ‘stricture is investigated
seismically for:-- (1) location of major discontinuities in the crust and

“upper mantle to- fac111tate understand1ng of reg1ona1 ‘tectonics; “and  (2)

determination of seismic velocities for accurate 1ocation .of earthquake<
hypocenters. We initiated -a program 'to corre]ate seismic data on
earthquake Tocations in northern New Mexico with . information on fault
scarps and long-term vertical. crustal d1sp1acements obtained by classical
geologic and geodetic techanues.., : v

Measurements of the - Earth s gravity and magnet1c f1e1ds are helpful
supplements  to seism1c $tudies  of - crustal - and - mantle structure.
Potential fields are measured and 1nterpreted in -geographical areas of
specific interest. , ‘

We currently ma1nta1n a network of 15 telemetered continuously
recording short-period seismic stdtions. Three are locatedm,inA the

_immediate vicinity of - the - Fenton. Hill HDR . project. “The : number  of's
-gtations in this short-per1od network wi]] be . doubled- in- the next few

years in order to. provide more comp]ete «coverage of critical areas. In
addition, 15 portable seismographs can be flelded to record aftershocks

of 1arger earthquakes and earthquake swarms.‘

A -network of four to six- spec1a1' te]emetered long- per1od/broadband
seismographs will be installed in northern New Mexico which w111 provide
surface wave disperison data. '

- Our mobile record1ng/te1emetry'tra11er and other portable recording
units are used for seismic refraction 11ne experiments . that utilize

~various mining and other explosions as energy sources. Data from these
. experiments are used to derive crustal structure sections at local and

near-regional distances.

Theoret1ca1 and Experimenta] Geochem1stry

. 1. Exper1menta1 Geochem1stry (R V1da1e, R. Char]es C Duffy, T.

Beddoe) ,

BT PO Geotherma] systems Exper1menta1 and ana]yt1ca1 studies» are
“ conducted on reactions between rock and. aqueous solutions- at
high T and P in closed reaction: vessels :and in circulating

loops. These reactions cause changes An geothermal solution
compos1t1on and  in geothermal rock reservoir - permeab111ty,

‘_s‘v : size, and geometry, a11 of which cr1t1ca11y affect effic1enty '

of energy extraction.
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b. Element migration: The intent of this project is to develop
better techniques for observing minor - and trace elements in
rocks and pore solutions over a wide range of temperature,
pressure, and oxygen _fugacity and to study the source,
migration, and: fixation of elements  of particular interest.
What is the geochemistry of these eleménts? More specifically,
in what rock types are they most abundant, which mineral phases
incorporate them, and under what circumstances are they

~ concentrated in the intergranular regions? What processes will
free them from the source rocks, how do they migrate, and how
are they fixed at a new location? What thermodynamic data can
be derived from solution-solid equilibria and what are the
kinetic controls on release and fixation?

c. Continental drilling: The intent of this project is to compare
geothermal alteration observed. in drill cores with that
produced in our Tlaboratory experiments, to evaluate the
chemical buffering capacity of a wide range of potential
terminal geologic storage environments for radioactive wastes,
and to observe the behavior of U and Th in crustal sections in
conjunction with element migration.

Synthetic Mineral Standards (C. Herrick)

We fabricate 1large diameter olivine discs for equation-of-
state studies. Gram quantities of fluoramphiboles are synthesized
and macropreparations are underway for measurements of thermodynamic
properties necessary for modeling geothermal systems.

Organic chemistry techniques are used to prepare zeolitic
minerals. The catalytic potential of zeolites in synthetic fuel
reformation processes and refined methods ‘of synthesizing fluor-
amphiboles and iron-bearing minerals will. be: investigated. These
minerals are used for analytical standards and for geophysical
experiments.

Thermochemistry of Minera]s (C. Hol!ey)

we measure enthalpies and entropies of formation of minerals
for use in modeling calculations related to Synthetic Mineral
Standards. '

Measurements are made by u51ng heat of solutlon of minera]s and
their component oxides in a molten oxide solvent. These data, plus
published .data on heats of formation of component. oxides, are used
to calculate the heats of formation of the minerals. A molten oxide
"calorimeter. is. under construction and thermodynamic measurements
“will begin upon its complet1on‘

Geochemica] Computer Mode];;g (C Herr1ck)

Compar1son of laboratory results of mineral alteration
experiments simulating geothermal systems with computer mass-
transfer experiments reveal the need for thermodynamic data on
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D.

Rock

hydrated minerals such as - zeolites, amph1b01es,' and clays. The
purpose of this project is to expand- ‘capabilities. of an existing
geochemical computer code which pred1cts mass ‘transport due- to
chemical reactions at rock-water ‘interfaces. We modified the code
to study open-ended ‘systems, evaporation phenomena, and time- .
dependent: processes. - - ‘Additional - features such " as order-disorder
transitions,. mu1t1component so]ut1on theory, heats - of reaction, -
revised equation-of-state for - water, opt1m1zed numerical -methods,

-and 1mproved computer process1ng techn1ques will be included as the

need arises.

The ultimate goal of this project is a series of subroutines,
each describing a spec1f1c phys1cochem1ca1 process. Each sub-
routine -can be ‘included, omitted or ordered to suit ‘the particular
~ geochemical process under ana]ys1s :

and Mineral Phys1cs

Mechanical Properties (P Halleck,"R. Riecker, J. Bridwell, T.

ShankTand, J. Blac1c)

The purposes of rock phys1cs research at LASL -are:  (a) to

‘support HDR-GTE; (b) to evaluate ‘long term stability- -and 1ntegr1ty_‘_;,~
of nuclear waste repos1tories, “(¢c)  to ‘define structure.’and ', tectonics. -

of the RGR; (d) to apply geophys1ca1 techn1ques ‘to. - site selection,
in situ propert1es, .and samp]es from the Cont1nenta1 ~Drilling

Program.

" We study deformation mechan1sms in silicates. This work,
within a range of T, P and strain rate conditions, determines
regions in which fracture, d1slocat1on ‘motion, kink banding  and
recrystallization are active:” " Numerical ~models of non-Newtonian
thermal creep are used to scale - experiméntal observations to real
geophysical problems. -

We perform experiments to determine the extent of rock cracking
due to thermal stress. These data are needed in calculations of the

A eff1c1ency and lifetime of the HDR-GTE -system at LASL since  the

increase in available surface area for heat transfer is affected by*"
it. _

Mechanical response ot rock behav1or'under pressures'of 1 to 2

“kbar and temperatures of - 300 to 500°°C. is becoming 1ncreas1ng]y .

important as mines and’ drill holes reach deeper into the -earth. - We
are building a large testing ‘machine for: work ‘on 2-inch d1ameter .

~samples under brittle, duct11e and "trans1t1on“ cond1t1ons

Ultimately, a geotherma] resource depends on conduction of heat

‘into near-surface rocks. Current work confirmed that radiative heat”

transport accounts for. about half of the total thermal conductivity
in the mantle mineral-olivine, but radiative contributions to the
other less transparent mantle minerals, or the more transparent
crusta] minerals, remains to be established. _
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2. Nuclear Waste
A thermo-mechanical creep code is being developed which will
allow calculation of the thermal and stress states in emplacement
media as a function of time. We are building a prototype experiment
of creep apparatus units.

We assembled apparatus for simultaneous measurements of sound
velocities and electrical conductivity of rocks at moderate
pressures. Results apply to problems involving fluid-filled rocks
such as waste disposal or geothermal exploration.

3. Transport Properties (T. Shankland)

“Transport properties of rocks and minerals are examined to
assist in understanding emplcement of crust and upper mantle
geothermal heat sources, high-temperature thermal conductivity, and
hot zone exploration in the mantle. -

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

Immed iate goals of our coal research are: (1) develop a fast,
reliable method of organic sulfur determination in coal; (2) determine
abundances and distribution of this environmentally troublesome element;
(3) correlate our organic sulfur data with published data for total
sulfur and pyrite (iron sulfide) contents in coal. Longer range
objectives are: (1) define minera]og1c sites of trace elements in coal
which are of environmental concern or ~“economic interest; (2) correlate
characteristic trace elements and 1inorganic minerals in coal with
depositional environments; (3) determine chemical and mineralogical

effects (e.g., trace element concentrations, mineral alterations) in

laboratory simultations of 'in situ coal gasification (and possible
Tiquefaction) processes.

Electron probe microanalysis and scanning electron microscopy are
used to determine occurrences and distributions of minor and trace
elements in coal. - Current efforts are concentrated on organic sulfur,
its origin in various coals, ‘and‘ what 4its distribution may reveal on
molecular structure variations between different maceral types. A new
organic sulfur standard for electron microanalysis 1s developed, and we
are currently work1ng to improve its quality.

Continental Dr1111ng (6. He1ken, R. Gooley, J Bridwell, A. W. Laughlin)

A mu]t1faceted effort is be1ng p]anned which will. provide service
and science to the proposed Continental Drilling Program. We will manage
a core sample repository to provide 'a center for preparation, care and
distribution of ‘drillxng samples along with basic lithologic and
historical data for. each sample. Laboratory and field. activities will
include analytical and experimental studies of the mineralogy, petrology
and transport properties of core samples, geophysical modeling, and field
geophysics and geology. LASL hosted a Program workshop held in July,
1978.
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Contractor: . OAK RIDGE NATIONAL LABORATORY
L . Union Carbide. Corporation
Nuclear Division . o
-0ak Ridge, Tennessee 37830
Contract:- w 7405-ENG-26 - v
Title: I. Physical Chem1stry of Geotherma1 Solutions and Materials
Person in Charge: R. E. Mesmer

Scope of Work

The objectives of th1s program are (1) to prov1de physical .chemical and
thermodynamic data on brines encountered in hydrothermal. resources of the U.S.
and (2) to characterize primary phase assemblages: " and - crystallization
processes in magmas dur1ng formation of igneous materials and their reaction
products. This program is  concerned with chemical _changes resulting from
extraction of héat from: hydrothermal and magmatic ‘resources and specific
problems encountered with reinjection of spent brines. The results will also
apply. to disposal of environmentally: hazardous waste products of nuclear ‘and
waoss11 fuel electrical power. production. ; ,

i We conduct potent1ometr1c,‘ 1sop1est1c,, ca1or1metr1c,. conductance,i"*";t
“theoretical mode11ng studies on properties..of : ‘brines’ and. their’ 1nterac tions:
‘with. host materials. Among the homogeneous equ111br1a upon which: ‘the ™ program‘
-focuses are: fjonization of ‘water in- concentrated brines, >1on1zat1on and -
"polymerization of  silicic acid, - f1uoros111cate equilibria, - carbonate
~equilibria, and hydrolysis behavior of metal-. ions. Processes involved in
»silica transport have a primary focus. Thermodynam1cs of the major components
~of. the brines are being determined and modeled.

.We plan to model common igneous rock types (e.g., gabbros, basalts,
gran1tes, and rhyolites) using chemically simplified bulk compositions in the
system - Si02-A1203-Fe0-Mg0-Ca0-Na20-K20- 02-H20 ~ After phase
equilibria and kinetic data are obtained for® the simplifed systems,
concentrations of chemical components of special interest (e.q. » Ho0, 07
FeO, MgO) can be varied and new components (e.g.. COZ F, C1, 'S, U, Th, Cs,

Sr, W, Sn, Cu, Ni, etc.) can be added to'the system to observe their speC1f1ci“',,.
effects. We will concentrate our efforts on low to moderate pressure (1 atm -

to 5 kbar) experiments. - Geologic evidence suggests that natural magma systems

are undersaturated with .respect. to a vapor phase during much of ‘their
crystallization h1story Experimental data on vapor ,undersaturated s111cate '

~ systems which closely model natural magmas . is . not extens1ve and cannot be g"ff

'pred1cted from more abundant vapor ‘saturated data.

A. F]uoros111cate Equilibria (R H Busey and R. E. Mesmer)

L There are smal] amounts. of fluoride in geothermal “brines  and therev
is- indication that processes involving silica are often catalyzed : by -the
presence of fluoride. We used a potentiometric  method emp]oy1ng

-+ quinhydrone, hydrogen, and solid state fluoride- e1ectrodes ‘to ‘observe . .

~ free hydrogen ion and free fluoride ion concentrations in - equilibrium:
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with fluorosilicates in aqueous solutions at 0° to 60°C. In all
titration experiments the initial silicon concentration was 0.001 m, but
the total initial fluoride concentrations was 0.001, 0.003, 0.009, or
0.02 m. The supporting electrolyte was 1 m NaCl and the titrant was 0.15
m HC1 in 1 m NaCl. In dilute silicic acid solutions the predominant
equilibrium reaction can be expressed as

Si(0H)g(aq) + 4H* + 6F- < SiFg2~ + 4HyO0.

From low temperature data it is possible to estimate stability of
the SiFg 2- complex at 200-300° C and show that the position of
occurrence of the fluoride complex shifts toward more acidic media as
temperature increases, i.e., the stability of Sifg 2- with respect to
Si(OH)g4 decreases as temperature is  increased. These  results
_ demonstrate that at any temperature in this range there is no significant
complexing by fluoride ion at free fluoride concentrations less than 0.01
m at pH values greater than 6, which encompasses most natural waters.

Solubility of Amorphous Silica in Aqueous Electrolytes (W. L. Marshall)

Additional solubilities of amorphous silica were obtained in aqueous
sodjum nitrate solutions at 25-300° C. These measurements provide a
consistent description of decreasing solubility with 1increasing sodium
nitrate concentration. Throughout the range, 25-300°C, the solubility at
a constant temperature decreases approximately one-half as the molarity
of sodium nitrate is increased to 5.4.

. . Thermodynamic Properties of Brines (H. F. Holmes, C. F. Baes, Jr., and R.

k. Mesmer)

- Data previously obtained for the ‘osmotic coefficients of aqueous
‘solutions of KC1, CaCl,, and MgCl, over the temperature range of 109°
to 201°C were fitted to a model  developed by Pitzer. The resulting
standard deviation of fit (in the osmotic coefficient) ranged from 0.0009
to 0.0029. Parameters obtained from the mathematical fit to experimental
. data were then used to calculate activity coefficients for these
electrolytes. The activity coefficients showed a monotonic decrease with
increasing temperature and became much less dependent on concentration at
higher concentrations as temperature increased. Data acquisition during
the fiscal year has concentrated on electrolyte mixtures NaC1-KC1-Hp0

‘7,‘and NaC1-CaClp-Hp0. The experimental study of these two mixtures

should be completed during this period and the NaC1-KC1-Hp20 data put
into publishable form. These results wiil make possible calculation of
thermodynamic properties for the Salton Sea brines for the first time.

Phase Equilibria and Crystallization in Magmatic Systems (M. T. Naney)

Laboratory apparatus will be constructed to perform 1 atm high
temperature experiments at 1400°C. Initial experiments will be made with
air as the furnace atmosphere. Subsequent experiments with gas mixtures
at 1 atm total pressure will be performed after modifications to the
existing furnace are made. Mixed gas atmospheres make it possible to
control and lower the oxygen fugacity of an experiment to other
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'geolog1a11y appropriate values for 1nvest1gat1ng reactions inl'whiéh
multivalent elements (e.g. . Fe, V) part1c1pate. - o ‘

. Study of modal basalt and rhyolite compos1t1ons at 1 atm will .
- provide phase - equilibria’ and - crystallization = kinetic data on
solidification of magmas at surface conditions for .the "simplified"
seven-oxide component compos1tions and guide further experiments with»
additional components.
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Contractor: SANDIA LABORATORIES
Albuquerque, New Mexico 87115

Contract: 2910789
Title: I. Magma Energy Research
Person in Charge: H. M. Stoller

Scope of Work

Sandia Laboratories has in progress an engineering research program
investigating the feasibility of extracting energy directly from buried
circulating magma sources. Typ1ca11y, these magma deposits have temperatures
on the order of 1000°C and represent great concentrations of high quality
thermal energy.

The current concept involves locating a suitable magma source, drilling
into liquid magma, and installing a heat exchanger to continuaily transfer
heat from the magma to a conventional power plant on the surface. Ideally,
-natural convection flow in the magma would circulate the 1liquid around the
‘exchanger in such a way that cooled material would settle to the bottom of the
chamber. The system would be fully closed and, thus, assures no leakage of
water or other working fluid. Preliminary stud1es have shown that the concept
may be both technically and economically.. feasible if the magma source is
within the upper five kilometers of the crust and if the heat extraction rate
from the magma is at least five kilowatts (thermal) per square meter of heat
exchanger surface.

A. Magma Source Location and Definition'(d;fL. Colp)

A high pr1ority recommendation of - the Sandia/USGS Magma workshop
(SAND 75-0306) was a demonstration of - abilities of geophysical sensing
systems to detect and delineate a known body of molten rock. The 1lava
lake in Kilauea Iki crater on the is]and of Hawaii, still molten since
the 1959 erupt1on, was chosen as .a site for this demonstration experiment
performed in FY 1976. The results are being compiled with the assistance
of Proféssor John Hermance, Brown University, and will be published as a
Sandia report. in FY 1978.

Assessment of “abilities of the var1ous sensing systems used in the
Lava Lake Sens1ng Exper1ment to correctly detect and delineate the buried
body of molten rock requires drilling a series of holes into and through
the molten lense of Kilauea Iki. Two holes were drilled through 150 feet
of the upper crust into molten rock in FY 1976. An unexpected solid
layer of hot rock was encountered- after penetrating only 30 inches of
molten rock. . Results of the two holes drilled . clearly showed two
things: (1) that the molten lense as it presently exists in Kilauea Iki
is not a simple, relatively homogeneous liquid, and (2) that previously
postulated methods for penetrating that molten lense would not work.
Immediately following that drilling sequence, a Lava Lake Drilling
Program to develop and build an advanced drilling system that would
re11ab1y drill through hot (~1050°C), solid rock while the drill string
js rotating immersed in molten (~1075°C) rock was started. A number of
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thermal and heat transfer ca]cu]atlons, several . studies of appropriate
- materials and bit fabr1cat10n methods that wou]d be required weref
- conducted. ST

The design finally se]ected ut111zed an uncoo]ed three—w1ng drag bitf

made of Mar-M 509, a super alloy having apprec1ab1e strength - at - 1070° C,:

on the end of a double pipe insulated * drill - string . made - .of

high-temperature resistant .stainless steel." The .outer p1pe will be o

allowed to reach the molten rock temperature " to minimize ‘rock : chilling -

onto it. The inner pipe will be cooled to 200°C by . air f]owing through.; ¥

it so that it can transmit the driving ‘torque :'to -the bit. An
instrumented experiment section will be 1nsta11ed between the bit: and the f

insulated drill string. Parts have been des1gned and procured. -A-:number -

of deve]opment and proof tests: on various parts of .the . design - have been ff
performed in the laboratory. - Additional holes. ‘extending at- 1east 20 feet
into molten rock will be drilled into Kilauea Iki 1ava lake 1late in FY
1978. .

Magma Source Tapping (J. L. 'Colp)

Another high pr1or1ty recommendat1on of ‘the previously mentuoned
Magma Workshop was determination . of “.the strength ‘and ductility of
representative igneous rocks at cond1t1ons to 1000° C and: to - 4. kbars.
pressure. A Sandia-sponsored research study to- accomp]ish thisﬁ bject
was started at the Center for Tectonophys1cs at Texas " AAM“Universit: no
FY 1975 and is continuing. Results to date are that ‘considérations: of
instantaneous failure strengths and stresses likely at the walls .of. open
and water-filled boreholes show that-a+hole as. deep as 10 km -in either
dry Mt. Hood andesite and Charcoal, granod1or1te is not 1likely to fail
under short-time loading even at 1000°C;-unless the in ‘situ -horizontal
stress is > vertical stress and the hole is open. Effects of water
weakening and duration of loading are now being investigated.

Magma Character1zat1on and Material Compat1b111ty (T. M. Gerlach, E. J.
Graeber, P. J. ~ Modreski, M. J ‘Dav1s) 7 ;

‘High temperature gas collectors have been fabricated and field
tested dur1ng the September 1977 east rift: erupt1on of .. K11auea “Volcano. :

Computer 'studies of volcanic gases are being. used " to restore ‘the ...

analytical data to original compositions for use as a data base as. partf
of materials-compatibility and magma-propert1es simulation experlments

. Field exper1ments conducted dur1ng the eruptive events - of K11auea e
consisted of (1) temperature measurements ‘of gas. vents.  and - lava: flows,b'~j

-~ (2) collection of gas  samples, (3)° test1ng of material.’ compat1b111ty'f“<'_

- alloys, (4) thermal measurements. from  a' heat. transfer probe “and.: (5) - -

collection of ejecta. Motion picture and “audio coverage were acqu1red .
for documentat1on of exper1ments

A comprehensive thermodynam1c study of vo1can1c gas col]ect1on data
is nearly completed. This.study provides a data base of approx1mate1y 80
high quality volcanic gas analyses. corrected - for contamination‘ by ‘the
-atmosphere and from réactions with sampling equ1pment dur1ng co]]ect1on )
A1l samples in the data base were collected in " close assoc1at10n with
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active lava at temperatures in excess of 600°C. The data base documents
the range of gas compositions to be expected in Tlow-pressure erupted
gases, fugacities of critical constituents from a materials compatibility
standpoint, and the nature of short-term and long-term chemical
variations in erupted gases” from Mount Etna, Erta' Ale, Surtsey and
Kilauea volcanoes. The results of these investigations were applied in
simulating magmatic environments for materials development research.
They have also been useful 1in evaluating and improving volcanic gas
collection and analysis techniques.

Thermodynamic modeling studies are now under way for C-0-H-S-C1-N
magmatic gases at pressures and temperatures up to 5 kbar and 1400° C.
These studies will be used to simulate magmatic gases 1in the
magma-properties and materials-compatibility experimental facility now
under development. They are also used to characterize degassing of
magma. These techniques, coupled with recent data on volatile contents
of matrix glasses and glass inclusions 1in submarine basalts, hold
considerable promise for improved understanding of the evolution of
magmatic gases from upward-moving bodies of magma.

- - A Magma Simulation Facility, an internally heated 4-kbar pressure
system, is being constructed that will be. capable of maintaining 1large
.-volume samples (~1 Tliter) -at uniform temperature to 1500° C in a
controlled atmosphere with a variety of electrical sensors present. The
system will be wused to measure chemical and physical properties
(including viscosity, electrical and. thermal conductivity, seismic
transmission properties, etc.). of molten rock containing dissolved
- volatiles, and to study compatibility of metals with simulated
volatile-containing ‘magma. The first experiments in the pressure system
shou]d be conducted 1n the early part of FY 1979.

Exper1ments are being conducted to examine types and mechanisms of
reaction of metals with molten rock ‘and .simulated magmatic gases. Pure
elemental metals, b1nary a]loys, and high- temperature engineering alloys
have been examined. Gas atmospheres .ranging .from low-fg, inert gas
(argon)  to  Hp-0-C02-CO-S02-H2S  -mixtures  with . controdled oxygen
and sulfur fugacity have Eeen used at - 1100-1200° C at atmospheric
pressure. . Experiments in FY- 1978: w111 concentrate on. detailed study of
reaction mechan1sms in atmospher1c ‘pressure experiments and on
experiments at moderate pressure in 1 kbar "cold-seal™ pressure vessels.

.These experiments will be extended. to higher pressures in FY 1979 when

the Magma Slmu1at1on Facility is operat1ona1

- Alloy spec1mens were exposed to hot ‘gases (600- 100090) at lava flows
-and volcanic vents. during the September 1977 eruption of Kilauea Volcano,
supp]ement1ng -our.earlier field exposures to lower temperature fumarole
gas environments (100-200° C)., Such. field exposures are- valuable to
confirm or supplement laboratory sxmu]at1ons of  magmatic/volcanic
corrosion environments. o ‘
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D.

EnergxgExtract1on (H. C. Hardee D. W. Larson, D. 0. Lee, P. C. Montoya)

1.

Molten Rock Dr1111ng Stud1es

A series of magma drilling s1mu1at1on exper1ments were ‘run in
molten paraffin using a model drill bit which was cooled with Freon .
11. This type of drill -develops a chilled "porous matrix ahead of

the bit as the coolant chills the medium. - Experiments were run to

study problems associated with drilling through- a molten. Tlense.
Another exper1ment was performed to .check calculated f1ow rates
through a fu]] size exper1menta1 magma dr111 b1t

- Calculations were made to determ1ne the torque requ1red to
rotate the drill bit and dril1 pipe in a molten magma body with
temperature dependént viscosity. ~Calculations ~were also made to
determine the effects of thermally 1nsu1at1ng the drill pipe as well
as the requ1red flow rate of water or air to maintain the insulated
drill pipe at or below 200°C. The required orifice sizes necessary
to maintain the specified flow rates for var1ous pressure drops have
been determined. ‘

_ The expected heat transfer data that could be obtained from a

one-foot thermal test section beh1nd the drill bit has - .been
investigated. 1If the’ test section. is made . from RA-330:0ra,
with a similar thermal: conduct1v1ty and a wall:thickness of )
the measurable temperature difference -across test-section: wal]

- varies from 43°F at 100 seconds to- 7 F in 6 hours (assum1ng the air

"coolant flow is ma1nta1ned)

An analysis was conducted“to“determine pressures and flow rates
"necessary for a water jet to penetrate into liquid rock and chill it

" into a foam ahead of a drill bit. Results indicate that this is a

feasible method of drilling into and through liquid rock. - A nozzle
with a radius of 0.1 inch and a 50 psi pressure drop will deliver
8.4 gallons/mixture with an exit velocity of ‘86 ft/sec. This water
jet will penetrate approximately 1.2 inches into molten magma and
has sufficient cooling capacity to chill a plug that is 12.0 inches
in diameter (approximately 4 drill-bit diameters) at a drill rate

| exceeding 50 ft/hr.

 Magma Thermal Characterization Studies

_ An analyt1ca1 study of heat. transfer mechan1sms in magma bodies ,
was undertaken in order to improve our estimates: of -potential® heat.
extraction rate. Only one.of" four. poss1b1e heat transfer regimes -

. was found which would support a process. of convective upme1t1ng

The 1length to diameter ratio of an upme1t1ng ‘magma body was
theoretically found to be limited to a maximum Vvalue of 5. An
analytical heat transfer model of forced ‘intrusion magma f]ow
coupled with available experimental evidence suggests that magma
chambers likely have low superheat. Further calculations indicate
that magma heat extraction rates for conventional heat exchangers :
will be on the order of 10 kW/m¢ or less. A rough economic study
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was Berformed which showed that at heat extraction rates of 5
kW/m¢, magma electric power should become competitive with coal
and nuclear electric power. :

Analytical solutions have been found for predicting the surface
heat flux distribution above rectangular (dikes) and spherical magma
sources. The solution for dike geometry predicts the steady-state
heat flux distribution at the surface of the earth for a conduction
dominant region above magma source. The solution for a spherical
~magma source 1includes transient effects. These solutions have
application in locating magma bodies. The surface heat flux
distributions can be used to estimate characteristics of a magma
body such as its extent and depth. The dike solution was compared
to some recent measurements made on the Yellowstone Caldera (Morgan,
Blackwell, and Spafford, J. Geophysical Research, September 10,
1977, pp. 3719-3732). If the underTying constant temperature source
is assumed to be at a depth of 1.0. km, then agreement between
measured and predicted surface heat flux distribution is excellent.

20-Meter Long Tube Heat Exchanger

The assembly of the Long Tube Heat Exchanger (LTHE) facility
was completed in October 1977. Initial checkout of the fluid loop
indicates that constant flow rates could be obtained although
fluctuations are very sensitive to certain valve settings. The
electrical system was turned on and checked out in the latter part
of October 1977, and a preliminary set of experiments was
performed. There are seven heaters in this facility. The test
conditions were brought to steady state before data were taken.
Boiling first occurred at about the 25-foot depth.

Heat Transfer Measurements in Lava

The 1977 Kilauea eruption (September-October 1977) which
occurred on the east rift of Kilauea Volcano in Hawaii produced a
river of basaltic lava which flowed for several days. The Tlava
river which formed at the Puu Kia'si vent was flowing at about 3-5
km/hr and was at a temperature of 1065-1095° C.” An experiment was
performed in which a heat transfer probe was placed in the Tlava
river. The. purpose of the experiment was to make measurements of
heat transfer rates in fresh 1lava which could be compared with
theoretical calculations of heat flux and thereby verify assumptions
about thermal conditions in fresh molten lava. A secondary purpose
of -this experiment was to obtain engineering information which would
affect design of future heat transfer probes and heat exchangers.
To the best of our knowledge, this is the first time that precise
heat flux :measurements have ever been made in fresh flowing lava.

A heat flux gauge has been designed for use in future surface
lava flows. The instrument has been designed to determine both
conduction and convection (if any) heat flow. In addition, the
thermal diffusivity of the magma can be determined from the thermal
response of one section of the probe.
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E.

Future Plans

Analytical ‘studies of heat transfer mechanisms in magma bodies will
continue. We plan to include effects of porous natural convection - in
~.overlying _hydrothermal _ systems. . We _.are investigating  numerical
"' techniques used by others as . well as deve]oping our own- porous natural
= convection codes. We also have p1ans to. compare existing surface heat
f]ux data with our ca]cu]ations

‘We plan to- modify the 1nner tube of the long tube heat exchanger to
allow distributéd fluid injection during boiling. This "is one of the
prime techniques: that needs investigation in-order ' to enable design of
very long tube.boilers.  We also plan to fabricate some of the new design
heat flux. gauges, designed for surface 1ava flows :
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Contractor: UNIVERSITY OF ALASKA
~ Geophysical Institute
‘ Fairbanks, Alaska 99701
Contract: EY-76-5-06-2229
Title: I. Alaska Peninsula Telemetered Seismic Network
Person in Charge: Hans Pulpan |

Scope of Work

A large aperture network -of ten short-period, vertical - component&A
seismometers is installed and is being operated .on the eastern portion of the
Alaska Peninsula. The network-is an integral part of our. seismic monitoring
system extending over an approximate 1000-km portion - -of.. ‘the - Aleutian-Alaskan
arc system. Data being collected from the system are valuable for developing -
a comprehensive understandxng of the seismotectonics of this structure. Such
an - understanding 1is  important in assessing  the potential of volcanism
associated with the arc structure for geothermal energy use and in assessing .
the seismic risk of an area of high energy potential. o
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Contractor: UNIVERSITY OF ALASKA
Geophysical Institute
Fairbanks, Alaska 99701

Contract: EY-76-5-06-2229 005

Title: II. A Study of the Magnetic Field Annihilation Process in
the Magnetosphere and Some Applications (Electric
Currents in the Trans-Alaska Pipeline Induced by
Auroral Activity)

Person in Charge: Syun-Ichi Akasofu

Scope of Work

The magnetic field annihilation process is believed to be one of the
basic processes in cosmic electrodynamics, -releasing a considerable amount of
energy in a relatively short time and. converting magnetic energy to kinetic
energy of high energy plasma particles.  This process is believed to take
place in the magnetosphere in some planets and comets. Among the above
regions where the annihilation process has been suspected to take place, the
magnetotail is commonly the only region where satellite-borne instruments can
make detailed measurements of plasma conditions.

Thus, the purpose of our study is to -identify basic plasma processes
which are responsible for the annihilation process. Our finding indicates, so
far, that acceleration of plasma particles takes place along magnetic field
lines as a result of diversion of electric currents which generate the
magnetic field. This result differs from what ‘one expects from the widely
accepted reconnection process. :

We are interested in energy re]ated geophys1ca1 problems in the Arctic
region. We are helping corrosion engineers of the Alyeska Pipeline Co. in
monitoring the Aurora-induced electric current in the trans-Alaska pipeline.
We have found that electric currents on the order of 200 amperes are induced
in the pipe during medium auroral:activity and are. monitoring the amount of
electric currents which-leak fromishort segments of an underground section of
the pipe. We are studying effects of the Aurora-induced electric currents on
powerline systems in the northern U.S., Canada, and Fairbanks, Alaska. We
also are interested: - in applying the audio-frequency (10 Hz-10 KHz)
magnetotelluric method and RF radio-wave methods in sounding permafrost
regions in Fairbanks.
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Contractor: ASPEN: INSTITUTE FOR HUMANISTIC STUDIES. .~ -
Food, Climate and the Wor]d S Inst1tute$g:ﬁ;
1919 Fourteenth: Street, Suite 811 PR
Boulder, Colorado 80302

(Contract: . ER-78-S-02-4634.A000 .. -
T1t1e | | I. Mechan1sms for the Effect of Var1ab1e Solar Actlvity on
- the Weather ‘ : R PE , .

‘Person in Charge: Walter Orr Roberts and Roger H. Olson

Scope of Work

In the past five years or so,. the amount of ev1dence for effects of
variations in the solar -energy “output. on’: tropospherrc\ 'eather “has - become.
highly convincing. Jhe pr1nc1pa1 -problem- facing: us now:is ot" to prove that
such relationships exist, but:to d1scover what .the- most\important ~correlations
are: and what physical mechan1sms are respons1b1e.; ‘We are:. 1nterested pr1mar11y
in short term re]at1onsh1ps, i, e oy of durat1on of days to a few weeks .

In the past we have used such parameters as the vort1city area 1ndex,,
dwh1ch is a measure of - strength of cyclon1c act1vity, to_ evaluate solar: effectsg;
z-both on individual pressure troughs ‘and. on:.the: ‘entire northern: “hemis ‘
“circulation pattern. In the future:we hope: to‘ana]yzeithe atmosphe e £y
§ budget in order to get a more mean1ngfu ns1ght 1nto phys1caT% processes
1nvo]ved R ~ _ , r

The goals of our future work may “be. summed up ‘as fo]]ows (1)”to' spec1fy

| principal empirical relationships .between variations .in. the solar energy.

; output and tropospheric weather; (2). to- find. the most “plausible. physical

~ mechanisms to explain these relationships; '63) to ver1fy these poss1b1e
v mechan1sms using independent data. ol

we work in conJunct1on w1th other atmospher1c and so]ar SC1ent1sts 1n
Boulder and at such institutions. as: the ‘National ‘Center for: Atmospheric
Research (NCAR), the National-Oceanic:and: Atmospher1c Adm1n1strat1on (NOAA),
and the University of Co]orado ST P ey :




Contractor: UNIVERSITY OF CALIFORNIA
Berkeley, California 94720

Contract: EY-76-5-03-0034 032

Title: I. Isotopic Studies on Rare Gases in Terrestrial Samples
and in Natural Nucleosysthesis

Person in Charge: J. H. Reynolds

Scope of Work

This laboratory conducts research in rare gas mass spectrometry where the
broad objective is to read the natural record which the isotopes of the rare
gases comprise as trace constituents of natural gases, rocks, and meteorites.
In terrestrial samples subterraneous rare gases occur as recycled atmospheric
gases, as radiogenic gases from natural radioactivity in the rocks and
sediments, as much rarer radiogenic gases from extinct radioactivities, and as
a primordial component more ancient than the earth itself. Rocks similarly
contain atmospheric gases, radiogenic gases, and sometimes primordial gas. A
new program is to design, construct, and operate apparatus which will ana1yze
the elemental and isotopic compos1t10n of rare gases from fluid sources in the
field, at or near the sampling site. Long-range scientific goals are to
search for additional manifestations of primordial gases and to see how they
relate to convection patterns within the earth. The rare gases from steam
wells and other geothermal energy sources will also be examined with
particular interest in assaying the proportions of recycled atmospheric gas
versus radiogenic gas. While instrumentation for field studies on fluids is
being fabricated, we are working with volcanic xenoliths and suboceanic

volcanic basalts where we have already observed interesting elemental and

isotopic patterns.

This group maintains a continuing interest in geochronology, particularly
in problems where phys1c1sts -- as opposed to geologists -- can make
contributions. Our work in .establishing ~the 39Ar-40aAr method of K-Ar
dating 1s an example of this kind of research

Studies in natural nucleosynthesis make use of meteor1tes and clues they
contain to the chronology of nucleosynthesis. Rare gases are in part daughter
products of extinct and extant  radioactivities. We also study isotopic
inhomogeneities, such as we observe in the carbonaceous chondrites. It is
likely that they originate because of incomplete isotopic mixing of fractions
with different histories of nucleosynthesis.

There 1is currently emphasis in our work on the carbonaceous,
acid-resistant residues 1in chondritic. meteorites which, although they
represent less than one percent by weight. of the stones, have been found to
carry virtually ‘all of the planetary gases trapped in these objects. Very
markedly anomalous isotopic patterns - for xenon are observable in these
residues after the bulk of the gases have been released by selective chemical
treatments. :
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Contractor: UNIVERSITY OF CALIFORNIA - . - SR
' Institute of Geophys1cs -and P]anetary Phys1cs
Los Angeles, California 90024
Contract: v EY-76-S-O3f0034 171
Title: : 1. Compressibility Measurements
" Person in Charge: G. C. Kennedy}

Scope of Work

. The Grune1sen parameter of KBr: - and Bi- through the1r high pressure phasel
 transitions was -determined.:. .At' high pressure, . temperature changes AT

associated with adiabatic. pressure .changes. .. were measured and y has been
calculated using the relation y = K¢/T (3.T/3 P)g. A:-discontinuous increase
in_ (AT/AP) is observed which resul ts - in. -an 1ncrease in- when the sample
undergoes a phase trans1t1on SR : S

Measurements of the pressure dependence of y for pyroxene and quartz -also
were made. In all the cases, AT/AP - (AT/AP)0 X (V/Vo)q where - q . is %5
or 6. .This is very similar to.our- ear11er .observation ;on NaCl. and on, some
fluids such.as methanol, ethanoly pentane, 1sopentane and the metals jron,

lead, aluminum, indium and copper: Measurements ‘on other m1nera1s are dncve s

progress. ) , ._-,,, T o SR

The f1rst and second. pressure der1vat1ves of the e]ast1c modu 14 of fused
quartz were determ1ned by ultrasonic measurements. of the sound ve]oc1ty as- a
function of pressure. The second. der1vat1esq>are .positive in sign and are
larger in magnitude than those ‘in: crystalline:materials.. The data are used 'to
calculate the adiabatic compress1b111ty, equat1on-of state, and the volume
dependence of the Grineisen constant S .
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Contractor: UNIVERSITY OF CALIFORNIA
Institute of Geophysics and Planetary Physics
Los Angeles, California 90024

Contract: EY-76-5-03-0034 P.A. 224
Title: II. The Relationship of Rock Physics to Geothermal Energy
: Technology

Persons in Charge: Orson L. Anderson and Nick Warren

Scope of Work

Properties of the Earth's crust at low overburden pressure are controlled
to a great extent by the rock fracture and microstructure. This grant
continues our work on characterizing the effect of pores and cracks on rock
bulk properties. There are two areas of research: (1) that of characterizing
rock microstructure using acoustic and petrographic methods; (2) application
to characterizing permeability and its pressure derivative in terms of
microstructure. The results of our investigations should be to give us more
detailed understanding of fracture- and-.crack properties under geological
conditions and of the effects of detailed crack spectra on bulk physical
properties as well as new methods of measuring or estimating averaged
microstructure distributions in rock. v
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Contractor: - COLUMBIA UNIVERSITY , : ‘
' > Lamont- Doherty Geological Observatory
Palisades, New York 10964 :
Contract: EY-76-5-02-3134

Title: I, A CompreﬁenSiVe'Study -of ‘the " Seismotectonics of the .-
~ Eastern Aleutian Arc and Associated Volcanic Systems = -

Persons in charge: J. Davies; K. Jacob, and-L.éSykes“ o

Scope of Work

The seismotectonics of the - eastern Aleutian arc and - assoc1ated vo]can1c :
systems are studied in-a’ comprehens1ve ‘program “to' develop a coherent
understanding of tectonic processes at ' this- convergent plate " margin. An
important object1ve is-to’ study: emp]acement of magma -in magma-chambers beneath’
a volcano' and- in the’ "p]umb1ng system“ (centra1 vents, .’ rad1a1 dykes) ~of the’
volcano through wh1ch magma _reaches the -surface  during erupt1ons
Understand1ng ‘these - processes - st needed “for evaluating feas1b111ty of
geothermal ‘energy extraction from- island-arc: type volcanoes. For this ' purpose
we operate a dense seismic network on an. active’ vo]cano (Pavlof) and “monitor

4 other volcanoes (Akutan, Makushln) with single’ seismic stations. - We attempt

-§9 to locate seismic events within ~and - beneath-“the . volcano and monitor:  wavez.: - -
" propagation, attenuation, and time de]ays indicative of. presence of . m1gration Jw*ﬁ&

of substantial bodies of magma in or beneath the ‘volcano. A reg1ona1 seismic:
network in the Shumagin Islands segment: of the eastern Aleutian arc prov1des
information on stress and strain re]ease in  the arc-trench gap adJacent to “the”
volcanic arc. It is augmented by a - crustal .deformation monitoring  system
using geodetic leveling lines and mean-sea-level meters, some of which  are
satellite] data transmission. These highly damped tide gauges are installed on
islands in the arc-trench gap. The purpose of the combined monitoring of
crustal deformation, seismic activity, and volcanism is to study the
interrelationship of crustal 1loading from plate ‘subduction, cyclic strain
relief by large earthquakes, and periodicities in volcanic eruptive activity.
There are indications that island-arc volcanism may be controlled by tectonic
stresses ‘transmitted from the subduct1on zone 1into the volcanic arc. To
determine the orientation of tectonic stress systems we use fault- p]ane
solutions of earthquakes in the seismically active port1ons of the arc-trench:
~system, and distribution of flank - eruptions and dykes ‘in the volcan1ca11y
active portions. This comprehensive study provides, as a byproduct, important

- data for seismic and volcanic hazards evaluation” in the outer continental

shelf and coastal zones of the Alaska Peninsula which are presently under .
cons1derat1on for leasing for 0il-and gas resource deve]opment .
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Contractor: COLUMBIA UNIVERSITY
Lamont -Doherty Geological Observatory
Palisades, New York 10964

Contract: - EY-76-S-02-4054

Title: II. Fluid Transport Properties of Rock Fractures at High
Pressure and Temperature

Persons in Charge: C. Scholz, T. Engelder

Scope of Work

Emphasis of this study is on .mechanical-hydraulic interactions, in an
attempt to understand the process of fracture closure and its influence on
fracture permeability. To determine fluid transport properties of a fracture,
we investigated the effect of surface roughriess, geometry and filling on
fracture permeability. We measured the permeability of whole and jointed
Barre granite up to pressures of about 2 kbars. Jointed samples were actually
- split cylinders joined by surfaces with controlled surface roughness. Samples
with induced tension fractures were also measured. The permeability of the
whole rock, which ranged from about 10-6 to 10-8 darcies, was 3 to 4
orders of magnitude less than the jointed rock at all pressures.

Permeability was not-a simple function of the difference between internal
fluid pressure and confining pressure. Changes in permeability were found to
be proportional to (bPg-aP.) where P. 1is confining pressure, Ps is
fluid pressure and the ratio g/a is related to both whole rock and joint
compressibility. The value of b/a was close ‘to'one for the whole rock and
most highly polished surfaces, but decreased s]1ght1y with increasing surface
roughness... -Not. only did confining pressure- have - a sl1ght1y greater effect
than fluid pressure on permeab111ty, but the ‘order 1in which the rock was
subjected to. changes in Pc or Pf also affected the permeability.
Increasing P, first resulted in lower ~permeabilities at the same value of
(Pc-Pf) than when Pc and Pf were 1ncreased s1multaneously

~ Both permeab111ty and “joint - aperture Vdecreased smoothly with normal
stress to an arb1trar11y small fraction of their zero pressure values. The
effective pressure (P.-Pg) at which this fraction was reached was greatest
in the whole rock and decreased with Jo1nt surface roughness.

39




Contractor: MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department. of Earth and Planetary Sc1ences
Cambridge, Massachusetts 02139 oo

Contract: EY-76-5-02-2534
Title:' I. Seismology. of Crack Format1on and Natural Geothermal:
: Systems e e '

Person in Charge: Keiiti Aki

Scope of Work

We are developing: several seismic methods for determining the structure
of geothermal energy source regions, such as magma.reservoirs.and. conduits -in -
a volcano or a hydrofractured:crack of a hot dry rock. - geotherma1 .system. ~We -
~ are taking a dual approach based on.. act1ve and pass1ve exper1ments g

- In the. act1ve experlment we use an. art1f1cia1 source -such ‘as a bur1ed
explosion and study scattered waves . in the near- f1e1d and far-field :of at~
structure upon which primary : waves -are’ 1nc1dent - Theoretical work. -

conducted on diffraction of P waves incident: :upon dry and - fluid-filled f1n1teﬁ@.» ;
cracks. We also study reflection.and transmission of elastic waves by-a. :sheet... .. .
of viscous 1iquid sandwiched in.an elastic body. These results have:been sused

in interpreting seismic data obtained at:the Kilauea Iki Volcano,-. Hawaii:
at the Fenton Hil1l Hot Dry Rock: Geothermal S1te, ‘Los Alamos, New Mex1co, .
defining location, shape, and size of fluid- f111ed cracks. - S -

In the pa551ve exper1ment we use seismic s1gnals generated from the _
geothermal energy source region to .determine physical parameters of the .
geothermal system. Theoretical work is being done on the seismic motion - of :-a
fluid-filled crack due to jerky extensions. The results-are being - applied- to
volcanic tremors observed in Hawaii for determining the mechanism- of magma
transport under Hawaii. Seismic data from the USGS. Kilauea ‘“network:were
digitized and are currently being -analyzed. Detailed .seismic studies. of"
thermal cracks in Kilauea Iki determine their source parameters such as focal
depths and seismic moments. - A similar’ study -is underway on.- microseismic
‘events which are generated when the fracture of Fenton Hill Hot 'Dryt Rock -
. Geothermal syStem is pressurized. o ' R

A network of digital event recorders is being constructed and tested for, :h

- co]lection of high quality seismic data.
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Contractor: MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Department of Earth and Planetary Sciences
Cambridge, Massachusetts 02139

Contract: ER-78-S-02-4972.A000

Title: II. Microcrack Technology

Person in Charge: Géne Simmons

Scope of Work

The object of this project is to develop methods of using data obtainable
from microcracks in rocks. We are initially examining a suite of rocks from
two geothermal sites, Coso and Raft River. The scanning electron microscope
and petrographic microscope are used to determine morphology, spatial and
temporal relationships, and degree of sealing of microcracks. Energy
dispersive x-ray systems and the electron microprobe are used to determine the
elemental gomposition of host grains, crack sealing minerals, and small (less
than 1000 A) grains that are dispersed along many sealed cracks. Differential
-strain analysis, a new high precision strain measuring technique, yields
information about open microcracks: the orientation of sets of cracks, the
distribution of volumetric and Tlinear crack porosity with respect to the
closure pressure of individual cracks.

41



Contractor:  NATIONAL.ACADEMY OF SCIENCES e
L Washington, D C 20418 ~»,,3,ﬁﬁf'«~w

Contract:  E(49-1)-3772

" Title: | I. Studies in GeophySics
Person in Charge: Pembroke J. Hart ~

Scope of Work B

The. Geophy51cs Research Board (GRB)  of _the - Nationai Academy-Natiohal"
Research. Council.is conducting.a::series of studiesiin .geophysics -dealing ;with -
timely scientific and societal aspects of geophy51cs and the corresponding
demand- on geophy51cai knowiedge _ , . o .

- The series - of . studies is guided by the Geophysics Study Committee
conSisting primarily .of; members of - ‘the. “GRB --or " their designated a]ternates.
Each- study :is. conducted by a, panei‘ lected r-: the tpurpose The: studies -
_-1nciude- (1) probiem-oriented studies; e. g., demands»on :geophysical knowledge
in. connection With .climatic - vari ;ions, fresh iwater'  resources, ' mineral .
gresources, geothermal: and ‘other ener SOUrces ,:s geophy51ca1 -predictions, . air

quality,: and.food; and - (2)- sc1ence-oriented studies such: as. internationai» ¢3A_

programs in geophy51cs, ‘status of developments “and.” opportunitie
geophysics, impact of technology on geophys1cs, and. criteria for- assessment
i priorities. Two or three studies. are expected to be" compi_ted :each year.

" series of studies is supported 1n part by the Department of" Energy ,

The panel for each study consists of a chairman and - authors of- papers for
the study. These papers are presented .at a suitable symposium, .after . which,
the authors prepare their final- papers “Each study contains an’ 1ntroductory

section providing a synthesis of the’ volume, findings, and recommendations,

and discussing its relation to o er studies. ~Identification of . societal
issues and assessment of adequacy ~of - geophySicai knowledge is the basic
element of these studies. The compiex but important question of priorities is
con51dered by each panel. S v

The proposed moduiar pattern for the Studies in Geophysics was designed
to permit selection of the most timely topics " and rapid completion of
individual studies to meet the foiiow1ng objectives:’ ' ‘ Dol
(1) to set forth the current and prospective contributions that the '

' geophysical sciences can make. to such concerns of mankind as energy,
nonrenewable resources, and the env1ronment s

(2) to prov1de government officiais with technoiogical and scientific

' evaluations that can serve as a rational basis- for ‘decision.. making
- in matters 1nvoiv1ng geophyswcai research and ' knowledge, both in
- policies and programs; ‘ . ‘ -

(3) to provide to the sc1entific community 1tse1f a basis for rational

judgments with respect to the development of -the “basic science iof
geophy51cs 1n the broad _sense and with respect to the reiative

-
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importance to society of the developments within various branches of
geophysics.

A. . Studies Completed

that
1.

Some of the principai'resu]ts and recommendations of the studies
have been completed are outlined below:

nergx and Climate (Ro er R. Revelle, Panel Chairman. Published
pages, ?

4 A principal conclusion of the repbrt Energy and Climate is that
the climatic effects of. carbon dioxide release may be the primary
limiting factor on utilization of fossil fuels over the next few
centuries. On the;basis.of a scenario for growth of energy use for

" the next century, an increase -in: carbon dioxide.concentration in the

-atmosphere by a factor of & to’ "8 i5 foreseen for the latter part of

. the twenty-second century The report anticipates that the threat

of a corresponding increase. in wor]d temperatures of over 6° C would

“lead to a curtailment:in the: growth ‘of fossil fuel use 1long before
" this scenario could fully unfold.. Specific recommendations are made
- -for research to reduce uncertaint1es and fill gaps in our knowledge

regard1ng the physical and b1olog1ca1 processes involved.

The. principal conc1u51ons of the study were announced to the
scientific community and to, the pubhc at a news conTerence held on
July 22, 1977 at the Academy. -

.: Climate, C11mat1c Chan‘e, and Hater Supply (James R. Wallis, Panel
: Cha1rman. PubTTShed 1 ' .75)

pages

. _,-

Lack of water hampers popu]at1on and economic growth in some

'-°areas of .the world;: but even. in; such -areas it is common to think of
 water as a resource that:-is: renewable within the bounds imposed by a

stationary regional .climate. Unexpected prolonged,” and widespread

shortages of water resu1t1ng from . climatic change could have an
unsettling,. and: depressing effect on ‘regional, and possibly even the

* national’ economy ‘However, for a number of. reasons, including

institutional factors associated with water Tresource design
considered in:the context of climat1c change, the rate at which it
can be expected to.occur, and our ability to pred1ct 1t, it does not

- seem:apropos: s to call for a rad1ca1 revision of current water

resource des1gn pract1ces.

Nonethe]ess a dramatic change 1n climate that wou]d cause us

“'5to question thws reasoning ‘is- by o’ means 1mp0551b1e,,and there is a

great deal that could be done now: that would allow for mitigation of
the éffects: of ‘possible’ c11mat1c changes on future  water supplies.

- In. part1cu1ar,' the study.: examines .. the re]at1onsh1p between

.....

';thdrology, water supp]y,;c11mate, and c11mat1c change. and points out

areas where-deficiencies in-knowledge-and information make rational
water resource decision making more difficult than it need be.
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climate prediction, and earthquake prediction. This study focuses
on the importance- of technology to geophysical research and
illustrates that importance rather than attempting to create an
exhaustive catalogue.. The study was presented at the American
Geophysvca] Union meet1ng in December 1977 and a first draft of the
report is complete and under review. Publication 1is expected in
1978. '

Continental Tectonics (B. Clark Burchfiel, Panel Chairman)

, Continental areas of the woerld are man's natural habitat; thus,
it seems only reasonable that a significant research effort should
be directed toward obtaining greater knowledge of our land areas and
their interface at continental margins with the marine environment.
Focus in the next decade on continental geology, in its broadest

.sense, and all processes that affect-the continents, both within and

below the Tithosphere, should be a major goal of earth science. The
majority of our material resources accessible over the next decade
is on continents, and the formation of both metallic and
non-metallic ore deposits in relation to continental evolution
should be of principal interest to all earth scientists. The panel
members have been selected and their- papers were presented at the
meeting of the American Geophysical Union in April 1978.

Mineral Resources (Paul B. Barton, Panel Chairman)

Because of the 1ncreas1ng scarc1ty of a growing number of
essential elements, an -improved understand1ng of the fundamental
processes that determine the location. of ore bodies is needed. This
study will be a joint undertak1ng of the GSC and the U.S. National
Committee on Geochemistry. Among- the - topics and issues in this
study are: sites and level of effort of present research and their
effect on basic understanding of mineral resources; gaps in data and

-research both current and projected; 1mp11cation5‘ of Tlevel of

research to supplies of <critical. minerals; and evaluation of
understanding of processes of m1nera1 concentration. Panel members
have been selected and their-papers are scheduled to be presented at
the Geological Society of America -meeting in October 1978.

sun, weather, and Climate

The quest1on to be addressed by th1s study is: Do changes in
the sun influence weather or climate, and if so,. how? Past studies
of this .question have been confused by erroneous statistical
analyses and‘the lack of identifiable physical mechanisms relating
solar parameters to weather and -climate. Because of ‘recent results,
it is timely to reexamine the .question. A chairman' has been
selected - and - proposed - topics’ _for the study - include solar
variability, -empirical evidence for meteorological effects, and a
survey of possible physical mechanisms.
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5. ° Pa]eociimatoiqu

This subJect has: been a recurrent theme in the studies carried S
“out so far. Topics in the ~study may include.a recapituiation of the
role that 'paleoclimatology = piays in': determining ‘the reiationship?‘
 between climate and.water. and in prov1d1ng evidence: for models of
climatic change related to"projected: energy use-as developed: in the .
studies. “C]imate, Climatic Change, and : Water - Supply,“' and “Energy” :
and Climate." Additional:topics. might” ~include. : the - relevance . of = -
' paieoclimatic studies to.understanding the phy51ca1 ‘mechanisms . of -
climate dynamics. -A spec1a1 ad hoc meeting was :¢onvened in.- 1977. ‘to -.
© review the need for - ‘studies “In~ this. area. A 'detailed - internal
~ report recommending severa] different kinds of studies resuited from*
that meeting - '.ﬁ

C;-‘ GeophySics Study Committee

The Geophy51cs Study Committee was estab]ished to serve as a
~ steering committeé to 1mp1ement the pian for the Studies in Geophysics.
Members of " the Committee are

Charles L. Drake, Chairman R
- Louis J.-Battan, VTEE:CE—'rman'*
"~ Philip H. Abe]son
~ Richard M. Goody -
Francis S. Johnson
Walter B. Langbein
Thomas F. Malone
Hugh Odishaw

46




£

[z 3}

[A]

Contractor: NATIONAL ACADEMY OF SCIENCES/NATIONAL RESEARCH COUNCIL
Committee on Seismology

Contract: EY-76-C-02-2708-003
Title: I1. Partial Support for the Committee on Seismology
Person in Charge: Joseph W. Berg, Jr.

Scope of Work

The Committee on Seismology- meets twice a year to discuss current topics
of major importance relevant to seismology, to review with government agency
personnel, in particular, the actions that have resulted from recommendations
of the Committee and its panels, and to take actions to assure a healthy
science which is in a position to provide maximum benefits to the nation and
to society. The two most recent -reports were published in 1977. These are:
(1) Trends and Opportunities in Seismology, which deals with major areas of
concern to the U.S. citizens--geological - azards, exploration for energy and
for other resources, understanding the earth and p]anets--and discusses - roles
of government agencies, universities, and industry in helping to realize
benefits that seismology can provide; and (2) Global Earthquake Monitoring:
Its Uses, Potentials, and Support Reguirements, which recommends actions to
stabiTize funding for networks, to improve the Worldwide Standardized
Seismograph Network, and to provide a digital data base for research purposes
in addition to the existing analog data base.

The new panels have been established as follows: (1) The Panel on
Earthquake Problems Related to the S1t1ng of Critical Facilities, which is
currently writing.a report that will . recommend . geological and seismological
research to help in the siting of cr1tica1 facilities ?such as dams, reactors,

etc.); and (2) The Panel on National, -Regional, and Local Seismograph

Networks, which has been charged to review-current practice but to emphasize
recommendations for future developments of such networks relevant to the needs
of the nation and of the science. The reports from both panels probably will
be available during 1979.

The Committee on- Seismo]ogy will cont1nue to take actions which result in
recommendations either. by letter or by ‘the more formal --published report.
Topics that could result in additional panels of.the Committee are: (1) new
information and insights about the continental United States ‘to be gained from
deep-refraction and reflection-seismic studies; (2) actions that.can be taken
with real time monitoring of earthquakes; and" z3) planning -for regional data
centers for using- d1g1ta1 data. As necessary, the Committee will establish ad
hoc groups to attack . important problems such as these,. including in the
studies scientific and technica] evaluations and cons1derat1on of implications
for society..
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Contractor: * ° NORR' ENVIRONMENTAL RESEARCH' LABORATORIES

' Contract:

T1t1e

Space Environment Laboratory -
rBou]der, Co]orado 80303 E

EI 78 I- 01 3093

I. Solar Terrestr1a1 Pred1ct1ons Program |

Person in Charge' R1chard F. Donne]]y

Scope of work

The program 1nc1udes work1ng groups,
Solar- Terrestrial. Pred1ctions;s‘; '
that routinely make some type of
predictions by users,: 11teratur
pred1ct1on techn1ques andswork1
for April'23-27, 1979, at'the C 11_
exchange .of": ‘papers before ‘the works
are- expected to have completed :

—t
.

~emp1r1ca1 background from the sun ou‘ t0 1-AU)

~ Short-term solar: variations’ (minu

,a proceedjngs and workshop on o

schedu]ed?
The p1ans ca11 “for: an
;tend1ng the vworkshop}

olar cycles and 1onger) :

s‘\hours days,m—months flares,
proton events, ‘active region::’ evolut1on, - coronal . ho]es - and
interplanetary phenomena, _such as ‘shocks, streams, and séctor
boundaries) o : o -

Long-term solar var1at1ons (yearu

B. : Geomagnetic and MagnetospherefParticle'Disturbance‘Predictions‘

TN WN —
.. LY

Interplanetary-magnetosphere interactions

27-day recurrent storms

-Substorms .
‘Flare-related magnet1c storms

Particle. f]uctuat1ons

;’C:] ronospher1c Pred1ct1ons (pred1ct10n techn1ques, theoret1ca1 and emp1r1ca1 T

'*_'background)
i P Magnetosphere Ionosphere coup11ng
2. F- and E-regions:
H A Equatorial - -~ S AT MR S
b. M1d1at1tudes S o o R T S UV
C. High altltude ‘ . o S
D- Reg1on '

3.

D.  Solar-Weather Pred1ct1ons

E,“-Communjcatjons Pred1ct10ns -
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1. Transionosphere: VHF, UHF....Optical
s 2. lonosphere-reflected propagation: MF, HF
3. Ionosphere waveguide: ELF, ULF, VLF, LF

F. Geomagnetic Applications
. Geomagnetic surveys
. High-latitude long-Tline power systems

Pipelines

1
2
3.
4., Seismology

G. Space-Craft Environment and Manned Space Flight Applications
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Contractor: STANFORD UNIVERSITY T

Stanford Ca11forn1a 94305

Contract: EY-76-S- 03 0326 045

Title: I. Porosity with Fluids: 0rig1n and’ Effects onﬁ'Physicaﬁ’»

Propert1es of Crustal Rocks S

, Person in'Charge: A. Nur

Scope of Work

A.

“Poisson’ s Rat1o 1n Geothermal Areas

”VPo1sson s ratio are low in rock with: steam -and high in. -rock ' wi
water. An unexpected result s Tow Vp/vS ve]oc1t1es, and Q,~v1n\ﬁthe
ne1ghborhood of the phase trans1t1on.;;., ‘ ‘ ERIR R

- -the - presence of - steam--in - geothermal ' reservoirs - ‘from-. se1smi

‘We' measured in the 1aboratory both compreSSIonal and : shearm f'
velocities in sandstones'iand cracked granites, containing: hot water “and ¢
. steam, under various conditions ‘of conf1n1ng pressure; pore pressure " and

temperature. - We find, as expected that shear-velocity is h1gher in* rock. .
with steam’ than in rock with ‘hot" water, whereas ‘compressional ve1OC1ty
shows the  reverse re1at1onsh1p Consequent]y the --ratio V /Vi ‘and

h “hot

The results:are very encourag1ng in us1ng Po1sson s rat1o to -

Abnormal- reflect1ons are expected from boundar1es between steam and‘ hOt:f‘
water. : B : ;

Attenuation:of Seismic wavesfin'Rochsff:"

Attenuation of seismic waves in porous rock was" found An the
laboratory to be related to several parameters: conf1n1ng ‘pressure;
nature of pore fluid, pore pressure, temperature,- strain - amp]1tude, -and -
the dens1ty of 1nterna1 surface area in rock. At  present: 'we :are
measur1ng Q to 1% and the Associated wave dispers1on to .1 %. Resultsv
show that the presence of gas-and:liquid phases -in . porous rocks  ‘lowers
both Q :and velocities relative:to fully saturated end cases. ‘Theoretical
results further show that. the ‘most likely. mechan1sm for attenuatlon in

jhot crusta] cond1t1on is thermal relaxat1on

‘The results thus prov1de the physical bas1s for the nature of wave

~ propagation in hot reservo1rs in the crust.
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Contractor: U.S. GEOLOGICAL SURVEY
National Center, Stop 959
Reston, VA 22092
Contract: EG-77-A-01-6150

Title: I. National Center for the Thermodynamic Data of Minerals
(Partial Support)

Person in Charge: John L. Haas, Jr.

Scope of Hork

The National Center for the. Thermodynam1c Data of Minerals (Data Center)
searches world ‘literature on a continuing basis, retrieves and indexes papers
pertain1ng to minerals and their 'synthetic analogs, extracts numerical data,
and carries out critical -evaluation 1leading to publication of tables and
reviews. Primary emphasis is placed on coverage of numerical data needed to
understand the geological environment and to utilize its resources.

- Specifically, the Data Center will develop critically evaluated thermodynamic

constants for all naturally occurring solid phases or chemical end-members, as

- appropriate, and will cooperate with. 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 to 200 K tabulated heat
capacities at constant pressure Cp, entropy S°, relative heat content H°
(T)-H°(298.15K), Gibbs energy fun t1ons [Ge (T)- Ho (298.15K] /T, enthalpy of
formation AHf free energy of formation AG%, equilibrium constant for
formation. logyoK§, molar volume  V° , molar - compressibility B, and molar
expansivity a. ( 5 Mathematical functions which closely describe energy and
volumetric properties of geologic materials. - (3) Estimates of precision and
accuracy of the tabulated data. (4) A synopsis of the data and assumptions
that were considered in critical review. (5) References to the source of all
data used.

Richard A. Robie, Bruce S. Hemingway,.and-dames R. Fisher have completed
a surmary of avai]abTe calorimetric data for minerals (USGS Bulletin 1452).

Critical eva1uat1ons on m1nerals in- the system K30-A1,03-5i02-
Ho0 and = Ca0-A103-Si02-H,0 dre in  progress. In addition to
expanding these critical reviews to other silicate systems, critical reviews
of sulfide systems are started.
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Contfactor: WOODS HOLE OCEANOGRAPHIC INSTITUTION
‘ o vwoods Hole, Massachusetts 02543

Contract: | EG-77-5-02-4392

Title: - I. Organic Geochem1stry of Outer Cont1nenta1 Mathﬁ Téﬁdf
Deep Ocean Sediments R S ity

Person in Charge: J. M. Hunt

Scope of Work

A gas chromatograph thermal distillation.unit has been set'ludl‘ehd e
being tested for-evaluating the petreoleum potential - of . ‘deep -sea sed1ments
The study will determine. free hydrocarbons and those. ' available - from - cracking.

of organic matter in" f1ne-gra1ned sediments -from the outer continental .

margins, slope,’ and rise of .the. United ‘States. It also will involve.
evaluating the type of kerogen: (insoTubTe organic matter) required to maximize
hydrocarbon yields in these areas. T :

[
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