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ABSTRACT national laboratories, assures that adequate 
rights are retained to  accomplish government 

The accompl ishments of the various elements of purposes, and assures that the laboratories 
the  geothermal research and development serye as resources t o  industry rather than 
program of the Department o f  Energy during competitors. 
1988 are outlined. I t  i s  noted that research 
advances will help t o  place the geothermal 
industry i n  a better technical position to  
meet the challenges of an increased energy 
demand i n  the 199O's, as predicted by DOE. 
Recent federal technology transfer in i t ia t ives  
are identified and preliminary results of an 
analysis of a l l  energy sources i n  the U.S. 
vis-a-vis geothermal's ranking i n  the total  
energy resource base, the accessible resource 
base, and energy reserves are presented. 

Improvements have been made by the Department 
i n  recent years t o  reduce institutional 
barriers t o  the transfer of technology from 
the national laboratories; e.g., provisions 
have been made for more flexibil i ty for  
laboratory s ta f f  t o  consult for industry, and 
for class waivers for patents originating from 
user facll  ities and work-for-others agree- 
ments. A computer software policy t o  allow 
contractors t o  copyright and 1 icense software 
has been completed, and the Assistant Secret- 

T- I R A  F ary of Defense Programs is implementing, 
consistent w i t h  DOE'S national security 

Thank you for invitlng me t o  participate in responslbilities, a program for identifying 
the 1 4 t h  Annual Stanford University Geothermal technology transfer mechanisms and incentives 
Reservoir Engineering Workshop. 1 know of no tha t  accelerate commercia7 iration of defense 
more effective technology transfer forum than technologies. Undersecretary Donna F i  tzpat- 
th i s  one. I t  provides splendid support both rick recently Stated: "The Department 
t o  the general technology transfer mission o 

he Geothermal Technology Dfvision 

presence here indi 
technology transfer, 
i n  some of the 

public funds, supports the mfssions o f  the those Of a coal Plan t -  a l l  of 
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them emit less than 5 percent o f  the C 0 2  t ha t  
would be emitted by a coal p lant o f  the same 
capacity. Binary plants, o f  course, would 
release no gases i n t o  the atmosphere. 

We are now pursuing a pro ject  t o  gather 
detai led C02 data from speci f ic  geothermal 
plants, develop a scenario f o r  each Known 
Geothermal Resource Area (KGRA), project  CO 
emissions, and compare them w i th  fossi  
emissions. The study w i l l  then determine what 
the technology options would be i f  C02 
reductions were ever t o  be mandated a t  the 
state o r  federal l eve l  and whether R&D 
assistance would be needed t o  enhance avai l -  
able technologies o r  t o  develop new ones. 

f 

PROJECTFD POWER D E M M  

If, as the Department now bel ieves 1 i kely, 
power demand increases markedly i n  the 199O's, 
the geothermal industry does not need any 
environmental "hang-ups" t o  prevent i t  from 
par t ic ipat ing t o  the f u l l e s t  extent desirable. 
A new DOE report  e n t i t l e d  "United States 
Energy Pol icy - 1980-1988" f inds that  i f  power 
demand grows j u s t  2 percent annually, the 
nation w i l l  need about 100 GW o f  additional 
e l e c t r i c  generating capacity by the year 2000 
over that  current ly  under construction. This 
increase would be the equivalent o f  100 
nuclear power plants and an increase o f  one- 
s i x t h  o f  ex is t ing capacity. The f igure may be 
conservative, however, since demand projec- 
t ions based on the f i r s t  h a l f  o f  the 1980's 
suggest t ha t  during periods o f  economic 
growth, e l e c t r i c i t y  demand grows a t  about the 
same rate as economic output. Thus, i f  annual 
GNP growth i s  greater than 2 percent, it i s  
l i k e l y  that  e l e c t r i c i t y  demand growth w i l l  be 
higher. I n  1987, f o r  example, GNP grew by 3.3  
percent and e l e c t r i c i t y  demand was up 4.7 
percent. A f ind ing o f  the report  that  may be 
o f  even more i n te res t  t o  the geothermal 
community i s  t ha t  i t  i s  l i k e l y  that  every 
region o f  the country w i l l  need new generating 
capacity by the ear ly 1990's. 

If GTD technology objectives -- arr ived a t  
wi th  input from nearly a l l  sectors o f  the 
geothermal community -- are achieved, the 
geothermal industry w i l l  be i n  a bet ter  
technical pos i t ion t o  meet the challenges o f  
an increased power market i n  the next decade. 
To the extent that  space permits, I would l i k e  
t o  t e l l  you about some o f  GTD's accomplish- 
ments o f  l a s t  year which keep us on the road 
t o  object ive achievement. 

jiYDROTHERMAL RESEARCH 

Reservoir Technoloay 

Reservoir Analvsis - The emphasis o f  t h i s  task 
i n  1988 was on methods t o  replace cost ly  
d r i l l i n g  as the only means f o r  providing 
evidence tha t  a reservoir  i s  adequate t o  

support power generation f o r  the expected 1 i f e  
o f  a proposed p lant  -- i.e., t o  extend the 
information gained from one w e l l  t o  the f i e l d  
around it, thus reducing the number o f  wel ls 
needed f o r  t h i s  purpose. Specific accomplish- 
ments included the discovery that  borehole 
breakouts indicate varying stress direct ions 
i n  indiv idual  blocks o f  rock, inversfon codes 
f o r  in terpretat ion o f  borehole- to-borehol e and 
borehol e-to-surface r e s i s t i v i t y  surveys, and 
the Medicine Lake Volcano teleseism experi- t 

ment. 

The Medicine Lake work i n  1988 involved 
seismic tomographic data gathered a t  Medicine 
Lake i n  1986 by the U.S. Geological Survey and 
the Lawrence Berkeley National Laboratory. 
Derived from eight explosions i n  a 50 km area 
f r o m  the caldera, these geophysical resul ts  
provided one o f  the best data sets ye t  
achieved. The 1986 studies focused on using 
the data t o  measure delay times i n  the rocks: 
i n  the 1988 studies, more sophisticated 
in terpretat ion procedures were appl l ed  t o  the 
same data t o  t r y  t o  determine the saturation 
of the rocks. The resu l t s  t o  date are shown 
i n  Exhib i t  1. I n  t h i s  geological cross 
section, the horizontal l i nes  wi th  angled 
hatchures represent the previous ve loc i ty  
model from the seismic re f ract ion study: the 
high ve loc i t y  core o f  the volcano i s  shown 
(5.7 km/s, subsolidus dike and in t rus ion 
complex) ; the suspected magma chamber wi th  a t  
least  p a r t i a l  melt i n  the low-velocity, high 
attenuation body i n  the center o f  the caldera 
i s  ident i f ied;  and the area where steam i s  
believed t o  be present i s  indicated as 
"bo i l i ng  water." 

& ~ 1  o r a t i  on Technolooy - The exploration task 
i s  designed t o  develop techniques t o  locate 
and characterize geothermal resources i n  young 
s i 1  iceous volcanic environments, pa r t i cu la r l y  
i n  areas w i th  deep c i r cu la t i on  o f  ground- 
water. Gathering o f  the geological, geophysi - 
cal, and geochemical f i e l d  data, acquired by 
cost-sharing several deep heat f low holes wi th  
industry i n  the Cascades Range o f  the Paci f ic  
Northwest was completed i n  1988. The data 
w i l l  be integrated i n  reservoir  models which 
w i l l  serve as a too l  for locat ing geothermal 
resources hidden by deep movement o f  ground- 
water i n  the Cascades Range. 

Brine I n l e c t i o n  - The in jec t i on  task focuses 
on techniques t o  predic t  the in tens i ty  and 
t iming o f  the thermal, chemical, and hydro- 
l o g i c  e f fec ts  o f  i n jec t i on  i n  order t o  provide 
methods t o  reduce temperature and pressure 
d e g r a d a t i o n  i n  geothermal rese rvo i r s .  
Accomplishments i n  1988 included: 1) models - 
f o r  the in terpretat ion o f  in ject ion tests i n  
f ractured reservoirs, 2) techniques t o  use 
t racer  t e s t  resul ts  t o  design optimal in jec-  
t i o n  schemes, and 3) a dual permeability model 
t o  simulate f low i n  fractured rock wi th  
secondary porosity. These are a l l  techniques 
f o r  maintaining reservoir  pressure whi le 
avoiding thermal breakthrough t o  the producing 
zone. 

c 

b 

- 2 -  



eothe rmal Technolouv Oru anizatioq - The GTO, field tests at The Geysers of a downhole air 
!he joint M)E/industry group that jointly turbine for directionally drilling geothermal 
funds technology development efforts that will wells gave promising results, and led to 
provide immediate benefits to the geothermal design modifications of the transmission 
industry in the areas of reservoir performance assembly, Temperature-resistant elastomer 
and energy conversion, began one prod t in FY materials were screened for suitability for 

geothermal field. GEO Operator Cor and the tectors. 
Unocal Geothermal Division are the industry 
participants. . Conversion Techno1 ouy 
alton Sea Sc ientific Drillina Task - The 

iesting facility was reconditioned in 1988, eat Cvc le Research - In 1988, supercritical 
and a successful 20-day production flow test !est$ of the Heat Cycle Research Facility with 
was conducted, with flow rates up to 700,000 the condenser at the near vertical position 
pounds/hour of hot 26OoC (SOOOF) brine. with the propane family of working fluids was 
Ancillary studies of brine chemistry, waste completed, as was Phase I of the relocation of 
disposal, and microseismic detection also were the HCRF from the Geothermal Test Facility at 
carried out. East Mesa, Californla, to the property of the 

nearby B.C. McCabe binary plant. The second 
phase of the relocation was initiated, 
including installation of a two-dimensional 
expansion nozzle and a reaction turbine. The 
application of the new Kalina concept to lost Circulation Control - RaD was undertaken geothermal power cycles was completed, and 

to develop a basic understanding of the two- 
phase (sol id/l iquid) flow phenomenon that ;:r;;:;;tt$*th a near 
dictates fracture plugging mechanics for 

- Major 1988 activities s i  ngl e -particle, high- temperature, and 
mu1 tip1 e constituent lost circulation materi - ting of advanced high- 

the plugging character- temperature 3OO0C (572OF) 1 ightweight cements 

temperature and pressure conditions tests of polymer-1 ined heat exchanger 
g; and completlon of an analysls of high- 

temperature elastomers for use in geothermal 1988 included the development of a concept for sealing applications. 
a core drilling system for deep thermal 
regimes, and, working with industry suppliers, dva rine he try - In 1988, the 

Of data calcite, and carbon dioxide was completed; the 
the string was model will now be expanded to additional 

c 1988 -- a microseismic study of Th Geysers use in the fabrication of drill pipe pro- 

In addi 
istics of hfgh-temperature lost circulation for well completions, which produced very 
Inaterials were measured under a range of promising results; initial steps for conduct- 

Of designs for insulated k e F C z d  b A n e  eq~il~~:iurn model for silica, 



GEOPRESSURFD-GEOTHERMAL 

Wel l  Ooerations 

The wel l  operations pro ject  involves f i e l d  
a c t i v i t i e s  t o  obtain information on reservoir  
performance under production conditions, 
surface handling systems, disposal w e l l  
i n j ec t i on  procedures, br ine chemistry and 
scale i n h i b i t o r  treatment, and automation. 
The Pleasant Bayou w e l l ,  located i n  Brator ia 
County, Texas, near Houston, was placed back 
i n  production i n  May 1988, a f t e r  being treated 
wi th  a scale i nh ib i t o r ,  and has been flowing 
a t  about 20,000 barrels per day. The Gladys 
McCall wel l  located i n  Cameron Parish, 
Louisiana, was subjected per iod ica l ly  t o  high 
r a t e  flow tests  a t  over 25,000 barre ls  per day 
o f  br ine f o r  over two years. It produced a 
t o t a l  o f  over 27 m i l l i o n  barrels o f  br ine and 
nearly 676 m i l l i o n  sc f  o f  methane, and was the 
subject o f  the breakthrough i n  geopressured 
scale i n h i b i t i o n  treatment. It was shut i n  
during October 1987, and i s  undergoing a long- 
term pressure build-up t e s t  t o  help i n  
understanding the dr ive mechanisms o f  geopres- 
sured reservoirs. The W i l l i s  Hul in  wel l  was 
d r i l l e d  i n  Vermilion Parish, Louisiana, as a 
commercial gas producer. It penetrated an 
unusually good geopressured zone a t  about 
20,000 feet, and when i t  was no longer 
operable as a gas well, DOE agreed t o  assume 
ownership from the Superior O i l  Co. Most o f  
the physical parameters o f  the Hul in well 
d i f f e r  from those o f  the experimental wel ls 
d r i l l e d  spec i f i ca l l y  f o r  geopressured br ine 
production, and it thus provides the oppor- 
tun i  t y  t o  f a c i l i t a t e  determination o f  dr ive 
mechanisms under another set o f  downhole 
conditions. I n  addition, the higher expected 
temperature and gas content make f l u i d  from 
the Hul in  wel l  substant ia l ly  more valuable per 
u n i t  volume than f l u i d  from the design wells. 
Annular pressures a t  the wellhead were 
monitored on a regular basis i n  1988, s i t e  
f a c i l i t i e s  were upgraded i n  preparation f o r  
workover ac t i v i t i es ,  and a safety evaluation 
of wel l  pressure buildup was performed. 

Seosc ience and E naineerina SuDoort 

The 1988 accomplishments o f  t h i s  pro ject  
included: 1) re f ined mapping o f  Pleasant 
Bayou reservoir  sandstone w i th in  the f a u l t  
block; 2) development o f  s impl i f ied geologic 
models; 3) continued analysis and interpreta- 
t i o n  o f  the mul t i ra te flow tests  o f  the Gladys 
McCall as wel l  as shut- in data; and 4) the 
conclusion tha t  environmental monitoring a t  
the Gladys McCall has not shown any detrimen- 
t a l  environmental e f fects  at t r ibutable t o  the 
long- term t e s t i n g  (microseismic, water 
qual i ty,  and subsidence). 

Fnerav Conversion 

The construction o f  a "hybrid" power conver- 
sion system designed t o  u t i l i z e  both geo- 
thermal heat and methane was begun i n  1988 a t  
the Pleasant Bayou well s i te ,  and a power 
generation experiment i s  scheduled t o  begin 
there ear ly  i n  1989. Flow test ing o f  the wel l  
has been resumed i n  preparation f o r  the 
experiment. . 
lj!awmu 
Fenton H i l l  Ooerations 

The focus o f  the Fenton H i l l  Operations 
pro ject  i n  1988 was preparing f o r  the upcoming 
Long-Term Flow Test (LTFT) o f  the Phase I1 
reservoir. This t e s t  is  a s ign i f icant  
milestone i n  hot dry rock research because o f  
the information i t  w i l l  provide on reservoir  
impedance, thermal drawdown, energy output, 
and water consumption. The s ign i f icant  1988 
accomplishment was completion o f  the repai r  o f  
the wel l  used t o  produce heated water f r o m  the 
man-made reservoir. The repai r  was ac- 
complished by r e d r i l l i n g  i n t o  the ex is t ing 
reservo i r  and sidetracking the wel l  around the 
damaged section. This work w i l l  enable 
optimum production during the LTFT o f  the 
reservo i r  scheduled t o  begin i n  1990. 

Accomplishments i n  1988 included a re-analysis 
o f  the micro-earthquakes resul t l n g  from the 
massive hydraul ic f ractur ing experiment o f  
1983 using improved mapping methods and 
i n i t i a t i o n  o f  a programming e f f o r t  toward 
automation. A prototype borehole televiewer 
was also completed, and the i n jec t i on  borehole 
was surveyed. 

I ana Val 1 ev Ooerat ions 

The key achievement o f  t h i s  project  i n  1988 
was f i n a l i z i n g  selection o f  an exploratory 
d r i l l  s i t e  i n  the Long Valley caldera i n  
Ca l i f o rn ia  which was approved by a WE review 
panel. Permits f o r  operation a t  the s i t e  were 
i n i t i a ted ,  and preliminary s i t e  work com- 
pleted. A science guide f o r  supporting 
s c i e n t i f i c  measurements i n  the exploratory 

by over s i x t y  researchers. 
wel l  was developed during a workshop attended 4 
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kaboratorv and Enoin-win Sumort  o f  a l l  source 
that  geotherma 

Research continued i n  1988 on the energy 
extract ion and geochemistry/ materlals tasks. 
Advances were made i n  evaluating magma 
convection, overa l l  energy extract ion analy- 
sis, analysis o f  energy conversion systems, 
understanding thermal f ractur ing processes, 
examining the react ion o f  potent ia l  heat 
exchanger materials w i th  magmatic f lu ids,  
evaluating mass transport  near the heat 
exchanger, and co l l ec t i ng  laboratory data 
re la ted t o  potent ia l  hazards during d r i l l i n g .  

YHY CON TINU€ GEO THERMAL RID? 

A new study i n  preparation f o r  the Deputy 
Assistant Secretary f o r  Renewable Energy 
provides another ind icat ion o f  the importance 
o f  continuing geothermal R&D and achieving our 
objectives. I n  analyzing the energy sources 
i n  the U.S. and standardizing the de f i n i t i ons  

the preliminary f inding i s  
energy wi th in  s i x  kilometers 

o f  the earth's surface -- seven f o r  geopres- 
sured -- accounts f o r  42.7 percent o f  the U S .  
t o t a l  energy resource base, as shown I n  
Exhib i t  2. The t o t a l  resource base i s  defined 
as the t o t a l  physical ly avai lable energy-- 
i d e n t i f i e d  and undiscovered -- regardless of 
whether o r  not i t  can be p rac t i ca l l y  o r  
economically extracted. However, geothermal 
accounts f o r  only 4.4 percent o f  the U.S. 
accessible resource base -- the port ion o f  the 
resource base that  can be exploited wi th in  
known o r  developing technology -- and 3.8 
percent o f  U.S. energy reserves -- those 
port ions tha t  are economically recoverable 
m d e r  current conditions. With improved 
technology we can great ly  increase geo- 
thermal's por t ion o f  both the accessible 
resource base and the reserve category, making 
a s ign i f i can t  contr ibut ion t o  the nation's 
energy supply. 

EXHIBIT 1 

CROSS SECTION OF MEDICINE LAKE VOLCANO 
FROM SEISMIC TOMOGRAPHY 

Class Mountoin 

i 
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EXHIBIT 2* 
U. S. GEOTHERMAL RESOURCES 

1,505,408 255,910 

(42.7% of Total U.S. 
Energy Resource Base) 

22,588 3,840 247 42 

(4.4% of Total U.S. Accessible 
Energy Resource Base) 

(3.8% of Total US. 
Energy Reserves) 

Still subject to review by the U.S. Geological Survey. 

a The total resource as specified in USGS Circular 790, but modified by the National Academy of  
Sciences to include resources within 6 kilometers of the surface and with a heat value > Bo°C (except 
for hydrothermal, which is > 40OC). Geopressured resources are included to a depth o f  7 kiloiheters. 

The accessible resource as specified in USGS Circular 790, but modified by the Natfonal Academy of 
Sciences to include only accessible resources within 6 kilometers of the surface and > 80°C, except 
for hydrothermal resources which are > 40°C. Geopressured resources to a depth o f  7 kilometers are 
also included. 

The reserve as specified in USGS Circular 790, but modified by the NAS. In addition, low temperature 
(>40°C) hydrothermal 30-year resources form USGS Circular 892 are added tq the total. 

d Billion barrels of oil equivalent. 
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