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GEOTHERMAL RESEARCH AND DEVELOPMENT ACTIVITIES
OF THE

U.S. DEPARTMENT ENERGY

Program Manager, on Technology
Geothermal Hydropower Technology D iv i sion,

Department o f Energy

KEYNOTE ADDRESS

Thank you.
address you on the geothermal R D a c t i v i t i e s
o f the US Department o f Energy. As you are
probably aware, the l a s t few years have brought
substantial changes i n the US Government's
energy programs. This has resulted i n a s h i f t
away from ization" and a reduction
i n the geothermal R D budget, consistent
w i t h the administration's po l icy of reducing
interference i n the free market and reducing

def ts.

I t ' s a pleasure t o be here t o

As we look forward to f i sca l year 1983, we
w i l l continue bringing demonstration programs
t o an order ly conclusion and red i rec t our
emphasis c r i t i c a l high- risk R D that
industry i s not expected t o undertake. A t
the same time, our cooperation with industry
through the E lec t r i c Power Research Inst i tu te ,
the Geothermal Resources Council, and our
many other contacts w i l l continue as do
our best t o in te rp re t industry's interests and
pol ic ies t o make sure that our program remains
relevant.

An R D review conducted f o r DOE l a s t year
concluded t h a t Federal R D on generation o f
e l e c t r i c i t y from geothermal resources has been
too heavi ly funded in the past. It predicted
that geothermal energy w i l l have a low impact
on national energy supply and stated that i f a
Federal geothermal program i s continued,
emphasis should be on low temperature process
heat and the completion o f the hot dry rock
program; not on geopressured resource develop-
ment, where the technical r i s k appears high,
o r on hydrothermal e lec t r i c generation, where
industry i s capable o f solving the remaining
problems. These seem t o have
been only p a r t i a l l y adopted. Our comnitment
t o the already defined hot dry rock program
has been the geopressure program
w i l l most l i k e l y be concluded t h i s year.
However, the d i rec t heat program i s being
phased out, and hydrothermal research w i l l
continue.

Our strategy i s t o support research that w i l l
r esu l t i n a broad technology base f o r use by the
pr ivate sector. have sh i f ted away from
Federal sponsorship o f power on 1ine toward
rel iance on the private sector f o r i z a t n
and demonstration ac t i v i t i es . Our new emphasis,
therefore, i s on basic energy science and
technology on R D o f a long-term, high-
r i s k nature.

Let me discuss our speci f ic geothermal R
ac t i v i t i es .

D

HYDROTHERMAL TECHNOLOGY DEVELOPMENT

The objective o f our hydrothermal research
a c t i v i t i e s i s t o develop the technology base
which w i l l enable the geothermal industry t o
reduce the f i e l d development costs, the capital
costs o f e l e c t r i c generating f a c i l i t i e s , and the
technical r isks o f f l u i d handling, i n order t o
expand the l y exploitable resource base
by a factor o f four o r more. The R D includes
research on reservoir capacity and longevity, f u l l -
scale plant economics, and as yet unproven
extract ion and heat cycle technologies. Our
program has addressed these issues by funding
research a c t i v i t i e s i n s i x technology areas:

Reservoir Stimulation includes hydraulic
explosive fracture, acid treatment, and

propping techniques t o improve well f l o w rates.
Production rates many times those o f o i l and gas
production are required f o r economic production
o f e l e c t r i c i t y from 1iquid-dominated hydrothermal
resources. Stimulation techniques, materials,
and equipment must be suitable f o r use i n
high s a l i n i t y brine.

Under the program conducted by Los Alamos National
Laboratory, several stimulation techno1ogies
have been developed and f i e l d tested with a t least
some success. A long column o f a specially
formulated explosive, safe u n t i l heated by
downhole conditions, was detonated successfully
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i n a poor producer a t the Geysers,
While i t fa i l ed t o cause much o f an increase i n
flowrate, we regard the successful use o f t h i s
explosive as an important accomplishment.
Simi lar ly, the acid treatment o f a well
a t Baca, New Mexico, d id not make it a good
producer i n the long term, there was considerable
f low a t f i r s t , leading us t o speculate
tha t the eventual problem may have been due t o
improper production practices. Conventional
hydrofracking and propping o f a well a t East
Mesa, California, more than doubled the flow
rate. Hydrofracking o f a well a t Raft River,
Idaho, succeeded i n y ie ld ing f low f r o m a poor
produc r, but the f l u i d temperature was too
f o r w e l l t o be o f any s ign i f icant value t o
us. We've had good luck with innovative
pants such as resin-coated sand and bauxite.

One more experiment i s planned before
concl us ion o f t h i s program element.

Energy Conversion and Meat Cycle Research -
involves advanced power plant hardware and
thermodynamic 'The program continues t o
emphasize binary cycle conversion techno1ogy,
consistent with the more prevalent moderate
temperature hydrothermal resource base found i n
the US and the established technology.
We've paid par t icu lar at tent ion t o development o f
d i r e c t contact heat exchangers as a solution to
the problems o f fou l ing o f heat exchangers i n
high s a l i n i t y brines. A 500 d i rec t contact
p i l o t plant incorporating a spray heat
exchanger has been b u i l t and tested a t East Mesa,
Cal i fornia, with excellent resul ts i n terms o f

t o chemical problems and very good
points. Recovery o f working f l u i d from exis t ing
br ine -by means of flashing and vapor compression
appears t o be a quite reasonable approach. A
sieve t r a y d i rec t contact heat exchanger was tested
on a 60 loop a t Raft River also with good
results. Remaining questions on d i rec t contact
heat exchanger technology include predict ion o f
temperature prof i les , process s tab i l i t y , f looding
l i m i t s , and most importantly, economics re la t i ve
t o surface heat exchangers.
time peripheral equipment i s in, there
not be much o f a cost advantage t o d i rec t contact
heat exchange, but i t does work. We hope t o wrap
up our work on d i rec t contact bo i le rs t h i s year
and publish f ina l reports on the results. Another
important aspect of the program i s development o f
r e l i a b l e downhole br ine pumps f o r f low enhancement
and prevention of flashing. goal i s
a pump that w i l l de l iver 1500 a t a skt t ing
depth o f 1500 ft f o r one year a t
and believe it or not, I th ink w e ' l l make it within
a year o r Just recently we pulled an 80 HP
pump a well a t East Mesa a f t e r nearly one
year o f operation. The motor appeared t o show no
sign o f br ine in t rus ion thanks t o a posi t ive pres-
sur izat ion system. We plan t o extend the same
technology t o protect the cable and pothead as 1.
We also plan t o do some work t h i s year on selected
improvements t o the thermodynamic cycle i t s e l f .
Currently a net geofluid o f about 8
watt-hours per pound f o r a 360 F resource i s
possible using a mixed i sopentane working

It appears that by the

f lu id . We believe tha t by using more exot ic f lu 'ds
and a few t r i c k s such as supercr i t ical
recuperation, supersaturated expansion i n the
turbine ,and evaporative dondensation ,we can
improve t h i s about 11 We are also
sponsoring development o f more accurate predict ive
models o f the working f l u i d s themselves a t the
National Bureau of Standards.

Final ly, we are wrapping up research on a couple
o f t o t a l f low devices. Under the auspices o f the
IEA, we have been cooperating with Mexico, I ta l y ,
and New Zealand on evaluation o f a Lysholm o r
he l ica l screw expander. This device i s presently
being tested by the Min is t ry o f Works and Develop-
ment o f New Zealand a t Broadlands. her t o t a l
f low device cal led the rotary separator urbine i s
being tested a t Roosevelt Hot Springs, Utah.
While nei ther o f these machines i s yet perfected,
they both run reasonably wel l on the to ta l flow
from a geothermal well and appear have reasonably
good conversion efficiencies.

Geochemical Engineering and Materials research
deals with fluid chemistry and characterization,
geochemical monitoring and o f geofluids,
and speci f icat ion of materials f o r f l u i d handling
and treatment. One o f the highl ights o f t h i s
program has been the assistance we have provided
t o the pr ivate ly developed 10 experimental
binary cycle powerplant o f Magma Power a t
East Mesa, California. This plant was extensively
instrumented and monitored with help.
High temperature sensors f o r carbon dioxide, and

i n brine, and probes t o measure water, REDOX
and par t icu lar levels i n hydrocarbons have been
developed. Some of these have been used by Magma
to make valuable changes i n plant design and
operation. Beyond th is , FLOCON, a carbonate scale
i n h i b i t o r developed by Pfizer was tested success-
f u l l y i n the 500 d i rec t contact p i l o t plant a t
East A high temperature EPDM elastomer
formulated by Garde for geothermal applications
has been used successfully i n packers i n o f
our hydrofracking experiments and i n a l l the
logging tools f o r the Fenton H i l l hot dry rock
project a t temperatures o f over Seals made
of NITINOL shape-memory a l l oy also have been used
successful 1y.
polymer concrete as a well cementing material
were conducted, and a large number o f concrete
pipe specimens have been exposed to geothermal
conditions f o r prolonged periods with promising
resul ts.

I n Mexico tests o f high temperature

I n the year we plan t o :

design polymer concrete pressure vessels
continue development of a model t o predict
formation o f sulf ide, carbonate, and s i l i c a
scale

study treatment o f br ine for reinject ion
investigate treatment of precipi tate so l i d
wastes

investigate cathodic protection o f well casings
f i e l d tes t a f o r measur-

ing brine and
continue work on high-temperature seals and
bearings.

-
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Control - research
accomplished a great deal i n areas o f

and H We have concluded
tha t the EIC copper sulfate scrubber
not economic o r re l i ab le enough f o r
appl icat ion a t t h i s t ime; we have no fur ther

f o r invest igat ion of t h i s approach. The
ca ta l y t i c oxidation process for

eventual comnercial use and i s being
pr ivate companies. Incineration prob bly
play a major r o l e i n cont ro l l ing emissions f o r
ex is t ing u n i t s a t the Geysers, and the Stre t ford
process w i l l be used on new units. Conversion
o f t o elemental su l fur by beam

i r rad ia t i on has been demonstrated i n the laboratory
but e f f ic ienc ies are not yet high enough, and
use o f addi t ives t o improve the eff ic iency o f t h i s
process i s being considered. A d i rec t chlorina-
t i o n process w i l l be tested i n a t the

Hawaii Geothermal Project.

program o f in jec t i on f o r better
reservoir and o f potable
water aquifers w i l l continue. Four geophysical
techniques are being evaluated:
t i d a l response, microseismicity, and s e l f potent ia l.
Using t i d a l response, researchers a t Laurence

National Laboratory were able t o model
the con t ro l l i ng fau l t s o f the Raft River geothermal
system wi th very good correlat ion to geologic data.

Geoscience invol ves surface and
subsurface and geophysical techniques
t o the success rate in geothermal
exploration and reservoir engineering t o predict
reservoir performance.

A t the Lawrence Berkeley Laboratory, new
t i o n has been developed (and tested) to assist i n
determining seismic and elect r ica l character ist ics
o f geothermal f i e lds . ASP, an automatic seismic
processor providing d processing
of microearthquake data, was developed. EM-60
control led source electromagnetic loop was ref ined
and i t s transmit ter power increased. Our
program o f cooperative reservoir engineering research
wi th Mexico i n the Cerro Prieto f i e l d has been
concluded but a agreement i s being negotiated.
LBL w i l l continue i t s numerical modelling o f the
heat and mass transport o f geofluids and recharge
waters i n response t o the present 180 leve l
of production a t Cerro Prieto I . Heat extraction,
c i r cu la t i on o f f l u i d s and formation o f bo i l i ng
zones w i l l be studied. They are also cont inual ly
improving t h e i r overal l geologi ogic model.
Monitoring o f near-surface temperature and s a l i n i t y
f ronts using r e s i s t i v i t y methods w i l l continue.

In the area o f in jec t i on research, generic studies
o f the response fractured reservoirs using Baca,
Raft River, and Kraf la data w i l l be performed.
The re la t ionsh ip between chemical and thermal
fronts w i l l be studied by means o f numerical
models and t racer studies. Chemical kinet ics w i l l
be added t o ex is t i ng heat and mass transport
codes and ti-waters mixtures ready

having been in to some numerical models.

Vou may be interested i n a handbook on
r engineering that has been

ished by the Idaho National Engineering
Laboratory and the Lawrence Berkeley Laboratory.
Designed as an overview f o r the non-reservoir
engineer, it covers basic and applied theory,
conceptual model1ing, test ing during d r i l l ing,
geochemical applications, and reservoir monitoring.

There i s also a l o t o f current in terest i n fracture
modelling. Lawrence Berkeley Laboratory i s i n the
process o f t r y ing t o develop feasible methodology
for fractured reservoirs. Princeton
University i s also doing analyt ic modelling o f
flow thru fracture. Finally, touch on
excellent work on reservoir engineering
conducted a t Stanford University by ,Roland Horne
and h is colleagues; namely, tracer studies o f
re in jec t ion a t Roosevelt

analysis , and the Annual Stanford Reservoir
Engineering Workshop. You can hear more on some
o f these topics from Roland t h i s afternoon.

t Spring (and possibly
Azufres); heat extrac or modelling, tes t

and Completion covers
development o f advanced d r i l l b i ts , downhole d r i11
motor seals, borehole cements, l o s t c i rcu la t ion
control , and well descaling techniques. Sandia
Laboratory i n buquerque has been responsib le for
t h i s e f fo r t . A good deal o f work has been done on
design o f drag b i t cutters fo r d r i l l i n g i n hard
rock. Materials such as polycrystal l ine diamond
carbide (PDC) and niobium - or tantalum-cemented
carbide have been evaluated with resul ts i n
a i e l d t e s t i n the Imperial Valley; a Security

twice as fast as r o l l e r cone bi ts .
P d r i l l b i t tested by Union O i l Co. d r i l l e d

Modelling o f stress patterns and mud flows have
also helped improve designs. a cavi tat ing
water j e t (CAVIJET) d r i l l b i t and a PDC d r i l l b i t
enhanced with cavi tat ing je ts have shown great
promise, but t h e i r app l icab i l i ty i s current ly
1imited t o depths o f about 1500 feet because
cavi tat ion w i l l not occur a t vapor pressures o f
less than about 3000 psi. Sandia has constructed
a l o s t c i rcu la t ion tes t f a c i l i t y simulating a geo-
thermal bore, and t h i s f a c i l i t y has been used t o
tes t a var iety o material f o r l o s t c i rcu la t ion

mud aging. Low less expensive aqueous
foam d r i l l ing f l u ids have been successfully tested

found t o be stable) under geothermal d r i l l i n g
cohditions. Laboratory studies o f i n s it u conver-
sion o f clay-base d r i l l i n g muds t o cement i s under

Several downhole instrumentation projects
have had good results. High-temperature tools
f o r o f flow, temperature, and pressure
have been developed.
viewer has been upgraded t o operate a t
Dig i ta l data transmission was added t o increase
the too l resolution, and it has been used t o
inspect wells i n Hot Dry Rock project a t
Fenton H i l l , NM. A i n e r t i a l navigation
system based on b a l l i s t i c missi le design has been
successfully operated a 7500 foot well i n
Nevada. We hope t o develop a ce t bond
inspection tool i n the coming

control, core da ge assessment techniques, and

An acoustic borehole te le-
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Geopressured Resources

The object ive o f the DOE Geopressure Geothermal
Program i s t o determine the magnitude, a v a i l a b i l i t y
and 1 ty of geopressured resources f o r
recovery o f methane, hydreul i c and thermal energy.
It does not deal with d r i l l i n g technology
since feel t h i s i s we'll enough known.

The program i s now a t a crucial stage. Four wells,
three i n Louisiana and one i n Texas, have been
d r i11ed (together with necessary d i sposal 1
t o depths i n excess of 10,000 feet i n t o
sandstone formations containing water a t almost
1i thos ta t i c pressures. .

. .,...

The techno1 f o r d r i l l ing, completing and produc-
ing such wells safely a t high rates (up t o 50,000
barrels per day) has been a major
o f the program t o date. Testing has been performed
i n three o f these design wells and i n th i r teen
"wel ls o f opportunity" which are unsuccessful
and gas wel ls i n geopressured areas.

We -have learned that geopressure reservoirs generally
contain natural gas a t the but also
have higher s a l t content (and consequently lower
gas content) than had been expected before the
s t a r t o f the program. The l a t t e r trend had reduced
the expected recovery ra te o f natural gas t o 20-30
cubic feet per barrel, and reduces the poss ib i l i t y
o f economic f e a s i b i l i t y o f energy recovery from
geothermal geopressure reservoirs a t t h i s time.

The next step i s t o carry out multi-month flow
tests o f the four wells, pr inc ipa l l y t o determine
the way geopressure change as they are

Two o f the four wel ls are connected t o
r e l a t i v e l y small reservoirs, and some depletion
data has already been obtained. we

yet t o observe a decline i n gas concentrations
be'low sat ur ation.

The other two wells, wi th large reservoirs, may
require several years before s ign i f icant change
can be seen i n performance. The current DOE
operating plan c a l l s f o r o f federal ly
funded geopressure studies by the end o f February
1983. I f the two larger wells can be shown t o be
e f fec t i ve natural gas producers, they w i l l
l i k e l y be allowed t o continue t o flow.

Hot Dry Rock

DOE and i t s predecessor a ncies have sponsored
hot dry rock (HDR) a t Los Alamos National
Laboratory (LANL) since d operations
are being conducted a t Fenton H i l l , New Mexico,

the edge o f the Valles Caldera,

Hot dry rock an energy source wi th tremendous

economic extract ion o f the resource. I n "proof-
experiments so cal led

LANL has extracted up t o 5 megawatts
o f thermal extended periods. Foreign
support i s a t experiments a t
Fenton H i l l which Have a nominal thermal power
r a t j n g o f 35 megawatts.

The technical problem 1ies with

Japan and West Germany are partners. i n the project
along wi th the U.S. Our t r i l a t e r a l relat ionship

formalized an I E A Agreement under which West
Germany Japan each contribute up t o per
year t o the Fenton H i l l Project. DOE picks up the

( a t l eas t o f the Our partners
are permitted t o sta t ion up t o s i x technical f
members a t LANL f o r extended periods. The

runs f o r four years, terminating a f t e r
1983. the end o f February 1982,
and Japan' w i l l have contributed

LANL i s i n the process o f creating the
enlarged, Phase reservoir a t Fenton H i l l .
Phase reservoir i s t o consist o f multiple,
para l le l fractures connecting two deviated wells
d r i l l e d i n hot rock a t depths o f approximately

and feet granite rock a t tempera-
tures s l i g h t l y above C. - The two holes are
both a t an o f 35 from the ver t ica l , one
above the other. While fractur ing has been
successful, LANL has yet t o esfabl i sh a connec ion
between the wells; fractures have ropagated Fn
an unexpected direct ion. As a operational
and scheduling adjustments have had t o be made,
with budget impacts. The prospect o f
completing an in ter im HDR reservoir wi th 2-3
connecting fractures spaced about 50 meters apart
appears excellent, but delays o f a t least 3
i n the project 's schedule are assured. The current
schedule s for resumption o f f rac tur ing opera-
t ions i n 1982.

The i s t o meeting the key technical
objectives o f the Fenton H i l l Project contained
the I E A Agreement, as modified. We foresee

t i- year e f f o r t assuming substantial German
Japanese contributions and technical support
through completion o f the project.

In February 1983 we hope t o accomplish the
f o l 1owing:

Preliminary fractur ing between the EE-2 and
EE-3 wells w i l l be completed, and a flow t e s t
conducted t o measure thermal drawdown. Cold
water w i l l be pumped down the deeper well and
hot water from the shallow well t o
an air-cooled heat exchanger.

Work w i l l on the Final Engineering
Reservoir System, increasing the volume o f the
fracture system connecting EE-2 and EE-3.

Indust r i i z a t ion

Geothermal comnercial programs were large ly
phased out i n p r i o r years, but Federal support t o
c r i t i c a l long-range projects was continued so that
benefits t o government and the industry would accrue
from ear l i e r investments.

P i l o t Plant

The 5-megawatt e lec t r i c p i l o t l an t using a binary
Rankine power cycle a t Malta, (Raft River)
was completed, operated and closed down.
vided valuable economic data on
reservoir performance and power cycle operating
character ist ics f o r a moderate-temperature
hydrothermal resource. .
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50 Demonstration Power Plant

This i s the single biggest project i n our program
r i g h t now.

The plant w i l l use an
binary power cycle and w i l l be located a t Heber,
Cal i fornia, i n the Imperial Valley, where the geo-
thermal resources o f the permeability"
type. DOE w i l l fund o f the project cost,
San Gas and Elect r ic the Elect r ic Power
Research tu te 1 and other part ic ipants
about 7%. SDG E w i l l operate the plant.

The objectives o f the project are t o t e s t
binary conversion system technology p i l o t
scale, (2) t e s t and document reservoir performance
character ist ics o f a speci f ic 1iquid-dominated
hydrothermal reservoir, (3) t es t and document the
val o f reservoir engineering estimates and of
reservoir product iv i ty (capabi l i ty and longevity),

provide a basis f o r the f inancial t o
estimate the r i s k s and associated with
geothermal investiments, and (5) act as a

for the regulatory process other legal
and i n s t i t u t i o n a l aspects o f development.

Heber i s one o f the best understood reservoirs i n
the United States. Fi f teen exploratory wells from
5500 t o 9700 feet have been d r i l l e d already.
According t o an evaluation by Chevron, the
potent ia l o f the f i e l d i s 500 f o r 30-35 years.
EPRI has confirmed t h i s assessment; however,
bel ieve these are conservative assumptions.

As f a r as status i s concerned, preliminary design
review and technical drawings have been completed,
a design review i s scheduled f o r March 1983,
10 o f 11 pip ing and diagrams have
been completed wi th only the br ine system remaining
undone, s i t e development construction drawings are
complete, f o f the major procurement packages
have been completed and advertised, and the turbine
contract has been awarded. Overall, the design
i s 65% complete.

The schedule c a l l s f o r ground breaking i n November
1982, f i n a l approval o f the heat sales
sometime between December 1982 and February 1983,
construction between February 1983 and October 1984,
and mechanical completion i n December 1984. The
or ig ina l schedule cal led f o r f u l l qua l i f i ca t ion
i n March 1985, t e s t and evaluation beginning i n
March o f 1987, and project completion i n July 1987;
however, these dates w i l l s l i p approximately one
year.

50 Demonstration Power Plant

The 50 Megawatt flashed-steam power
plant a t Baca, New Mexico, was being cost-shared
by DOE, Union O i l Co., and the Public Service
Company o f New but the project has been
terminated by mutual agreement.
ear l i e r indicat ions o f a good hydrothermal reservoir
from ti 1 tests, subsequent 1 proved
t o be such poor producers that the program was
no 1onger considered viable.

I n spi te o f

Hawaii Geothermal Project

par t ic ipat ion i n the HGP-A 3 flashed-steam
power plant project a t Puna, Hawaii, has been con-
cluded successfully. The plant i s generally running

a t close t o design output, although some prob-
lems have been encountered with leaking steam
bypass valves and the control system.

Test Faci1ity

The Geothermal Test Fac i l i ty , which i n years
past operated i n par t as a f a c i l i t y t o provide
free t e s t support t o pr ivate experimenters,
presently pr imari ly as a t e s t s i t e f o r
DOE However, a new Pump Test Fac i l i t y
has been constructed a t the f a c i l i t y .
used to develop and ver i f y downhole br ine pump
designs sui table f o r use on the Heber 50

power plant i f necessary.

It w i l l be

Direct Heat Applications

The objective o f the d i rec t heat applications
program is t o provide examples o f non-ele c t r i
used of the moderate-temperature geothermal
resources that ex i s t i n 37 o f the 50 United States.

The technology f o r d i rec t l y using geothermal energy
f o r space heating and process heat i s well developed
and economic, but potent ia l users are often un-
famil iar wi th geo theml energy and see the d r i l l i n g
and test ing o f an i n i t i a l production well as an
unknown r isk .

DOE has sponsored and co-funded more than t h i r t y
non-electric geothermal projects including process
heating, d i s t r i c t heating, and, most recently, an
alcohol production project. Most o f these projects
were i n i t i a t e d i n 1978 and 1979. No new ef fo r t s
t o assist i n t h i s area were started l a s t year, but
ex is t ing cost-shared d experiments were con-
tinued and a user-coupled d r i l l i n g program was
concluded. DOE expects t o complete analysis and
documentation o f these experiments t o provide

construction and operating data and
development case his tor ies t o prospective users.

Loan Guaranty Program

Loan guaranties approved under t h i s fund are
intended t o accelerate the development and u t i l i -
zation o f geothermal energy. The program i s
expected to minimize the lender's r isk , develop
a f inancial service infrastructure, develop normal

relationships, promote competition,
and encourage new entrants i n t o the geothermal
market. Accomplishment o f these objectives w i
help t o meet the requirements o f pert inent public
laws and provide a stimulus f o r geothermal develop-
ment by the public sector without addit ional
Federal assistance.

A t the beginning o f the year the Geothermal Loan
Guaranty Program had issued loan guaranties f o r
f i v e projects a t d i f ferent geothermal reservoirs
t o t a l l i n g $136 mil l ion. A decision was made i n
December 1981 t o continue t o process the pending
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loan guaranty applications, and potential follow-
within the of loan

guaranty authority stipulated by Con ress. O f
eleven applications pending a t the of the

later rejected for
are a t the Oakland office

additional information, and six
headquarters. O f these six three approved
for negotiation (totalling million), one
i s under review, one awaits additional
and one was withdrawn by the appl icant. o f
the original five applicants have indicated that
they may submit follow-up appl icati

The task of monitoring and the loan
guaranties, to assure that the technical and
other contractual are continues
a t the field office and headquarters. The dis-
bursement of loan funds a t contractually specified
milestones is subject to review and approval
as each project proceeds.

Geothermal R D i n the of
Office o f

The objective of the geoscience program is t o
develop a quantitative and
of geological, geophysical and struct-
ures and processes i n the earth, and thus to
ensure an effective knowledge base for energy
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evaluation and
In an acceptable

prtnctpal activities of the program relating
to energy include:

1) ,geophysics, and earth dynamics, .
research into the properties of

earth rock fracture and
failure, earth and seismic effects,
and the Continental Scientific Dri l l ing
Program.

2) including studies of t h e m-
properties of geologic materials,

s ta t ic interactions, and geochemical
migration, and

3) Energy resource definition, including reservoir
and and energy.

These are mostly i n the National
,with studies a t Uni

The Tap” program has been
the successful d r i l l i n g i n t o magma

and extraction of energy by introducing water.




