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BACKGROUND 

Status of Geothermal Devel oment 

Geothermal energy i s commerci a1 ly employed to produce el ectri ci ty at 17 

reservoirs in California, Nevada, and Utah. Geothermal energy is a cost- 

effective and competitive resource at these locations with nearly 2,800 MWe of 

capacity in operation. The resource provides about 7 percent of the power 

currently used in California. Further power development appears imminent in 

Hawaii and the Pacific Northwest. 

The annual energy use of direct geothermal heat appl ications in the U.S. 

is over 18 trillion Btu, or the equivalent of over 5 million barrels of oil at 

60 percent conversion efficiency. It is estimated that about 110,000 geothermal 

heat pumps are in use, and rapid growth in this technology is anticipated. In 

addition, 25 geothermal municipal and institutional district heating systems are 

in operation, many structures are heated/cooled with individual systems, and a 

number of commerci al/industri a1 enterprises operate economically with geothermal 

heat. 

The geothermal power industry reports that the severe institutional 

impediments to geothermal development of the 1970's have largely dissipated. 

For example, the industry has acquired a good land position for development in 

the western states through an accelerated federal leasing program, and the most 

repetitive environmental regulations have been modified to reduce unnecessary 

construction costs and lead times at no penalty to the environment. 

The Department o f  Energy (and i t s  predecessors) have spent in excess of 

$1.3 billion in support of geothermal development in this country, both for 
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power generation and d i r e c t  use. It i s  estimated t h a t  indust ry  has spent i n  

excess o f  $5 b i l l  i o n  f o r  power pro jects  alone. 

I n  add i t i on  t o  expenditures f o r  technology development, some expenditures 

by both i ndus t r y  and government have been accounted for by i n s t i t u t i o n a l  

b a r r i e r s  t o  development. I n  the case o f  industry,  i t  was extremely c o s t l y  t o  

meet e a r l y  environmental and other regulatory  requirements, and, i n  the case o f  

DOE, support was given t o  the e f f o r t  t o  overhaul t ax  and regulatory  aspects o f  

geothermal development. Since 1982, v i r t u a l l y  a l l  o f  DOE'S expenditures have 

been dedicated t o  power generation techno1 ogy advancement. 

Benef i ts  

The bene f i t s  o f  these expenditures are m u l t i f o l d .  F i r s t ,  there i s  an 

increase i n  the economic S U D D ~ V  o f  geothermal energy t o  provide a benign energy 

source f o r  power generation and d i r e c t  heat appl icat ions.  Second i s  a reduct ion 

i n  power demand through the widespread use o f  geothermal heat pumps and other 

d i r e c t  heat uses. These uses and the i nc lus ion  o f  geothermal energy i n  

in tegrated resource planning may r e l i e v e  the pressure on some u t i l i t i e s ,  

prov id ing an opportuni ty t o  defer  new capacity. 

I n  addi t ion,  the advancements achieved through federal expenditures - -  
both technical  and i n s t i t u t i o n a l  -- continue t o  provide a favorable investment 

c l imate f o r  geothermal technologies and improve the competitiveness o f  

geothermal products and services t o  meet the 1995-2005 markets. 

The use o f  geothermal power resu l ted  i n  a $125-$250 m i l l i o n  cost-savings 

t o  consumers i n  1988, p r i m a r i l y  due t o  the low cost o f  power a t  The Geysers. 

The new ho t  water p lan ts  are prov id ing customers w i t h  r e l i a b l e  power supplies 

with a v a i l a b i l i t y  r a t i o s  second t o  no other  fue l .  A ma jo r i t y  o f  these 

geothermal e l e c t r i c  power generating p lants  are s i t e d  on federal  leases, and i n  
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1989, the l a t e s t  year f o r  which data are avai lable,  these leases returned some , 

$14 m i l l i o n  i n  lease and r e n t a l  fees t o  the federal  government. I 

Further, i n  l o c a l  a i r  q u a l i t y  terms, a number o f  western metropol i tan 

areas w i l l  be assisted i n  meeting federal requirements. Na t iona l l y  and 

g loba l l y ,  geothermal use: 

0 increases the energy supply without detr imental environmental 

e f f e c t s  

reduces the demand f o r  imported o i l  and frees some domestic o i l  f o r  

more valuable uses such as chemical feedstocks 

reduces the c lea r ing  o f  r a i n  fo res ts  o r  burning o f  f o s s i l  f u e l s  i n  

many developing countr ies w i t h  l a rge  untapped geothermal deposits. 

Geothermal p lants  a lso co-ex is t  compatibly w i t h  h igh l y  scenic and 

recreat ional  values -- e.g., the Mammoth Plant near Mammoth Lakes i n  the Mono- 

Long Val ley o f  Ca l i f o rn ia .  This f a c t o r  makes geothermal energy a prime 

candidate f o r  increasing the power supply with the l e a s t  damage i n  the sensi t ive 

environment o f  the P a c i f i c  Northwest. 

SDi  no f  f s 

0 

0 

Many sp ino f f s  o f  geothermal technology are i n  use i n  other industr ies.  

They are exempl i f ied by the fol lowing: 

0 Improved d r i l l  b i t s  r e s u l t i n g  i n  a $300-6500 m i l l i o n  per year cost 

saving t o  the o i l  and gas industry.  

Adaptation o f  the radar f r a c t u r e  mapping t o o l  f o r  use i n  nuclear 

weapons t r e a t y  v e r i f i c a t i o n .  

0 

0 Proposal by the Energy Research Advisory Board t o  designate 

geothermal geoscience management methods as a model f o r  accelerated 

o i l  and gas R&D. 
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0 Wide use i n  the petroleum indust ry  o f  an elastomer compound (Y267 

EPDM) devel oped by geothermal materi  a1 s research. 

P a r t i  c i  DantsKustomers 

The i n d u s t r i a l  pa r t i c i pan ts  i n  geothermal development include u t i l  i t i e s ,  

f i e l d  developers - -  some o f  whom also own and operate a power p l a n t  - -  and other 

independent p l a n t  owners. A t  The Geysers, 23 o f  28 plants  are owned by 

u t i l i t i e s  --  investor-owned and municipal - -  whi le  the hot w a t e r  indust ry  i s  

dominated by independent power operators, and only two o f  36 plants  a r e  u t i l i t y  

owned. I n  add i t i on  t o  u t i l i t i e s ,  the indust ry  i s  an amalgam o f  o i l  companies, 

geothermal energy entrepreneurs, and a mix o f  partnerships formed by 

representat ives o f  other i ndus t r i es  and the f i nanc ia l  community. A number o f  

newcomers have no previous energy investment experience. 

The customers o f  geothermally-generated power are both u t i l  i ty  e l e c t r i c i t y  

customers and the u t i l i t i e s  themselves. The u t i l i t i e s  purchase power from the 

independents under long-term contracts, many acquired w i t h  C a l i f o r n i a  Standard 

O f fe r  No. 4, a C a l i f o r n i a - s p e c i f i c  mechanism f o r  implementing the provis ions o f  

the Publ ic U t i l i t i e s  Regulatory Po l i c ies  Act. This mechanism has- been phased 

out, and, a t  t h i s  juncture, no new pre-approved contract ing procedures have been 

ins t 5 t u ted  . 
Government Role 

The federal  geothermal program began as a mandate t o  the Atomic Energy 

Commission t o  broaden the technology base upon which use o f  t h i s  a l t e r n a t i v e  

energy source could be b u i l t .  It continued as a sc ien t i f i c / t echn ica l  program, 

w i t h  on l y  marginal commercialization i n te res t ,  u n t i l  passage o f  the Geothermal 

Energy Research, Development, and Demonstration Act o f  1974. 
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Subsequently, a formal commercialization program was i n i t i a t e d ,  and from 

1977 t o  1981, i t s  budget was by f a r  the l a rges t  element o f  DOE'S t o t a l  

geothermal funding. It embraced expenditures f o r  the Baca, New Mexico, and 

Heber, Ca l i f o rn ia ,  cost-shared demonstration plants;  a program t o  expedite 

d i r e c t  use; cost-shared resource assessment e f f o r t s  by indust ry  and the states; 

and studies on leasing, environmental regulat ion,  and other i n s t i t u t i o n a l  

problems. This budget element remained high through 1983, r e f l e c t i n g  the f i n a l  

federal  out lays committed for  the Heber p lant .  I n  1981, however, a p o l i c y  

decis ion was made t o  r e l y  on the market and on incent ives o f  the National Energy 

Act o f  1978 f o r  geothermal energy commercialization. Emphasis s h i f t e d  back t o  

research and techno1 ogy development. 

With g r e a t l y  decreased budgets, the R&D program o f  the 1980's has been 

characterized by 1) long-term, h i g h - r i s k  R&D funded by the government, and 2) 

short-term e f f o r t s  t o  encourage the commercial manufacture o f  the products o f  

research, cost-shared by government and industry. However, the government has 

r e l i e d  on i ndus t r y  f a c i l i t i e s  f o r  t e s t i n g  new o r  improved equipment and 

mater ia ls  developed by the DOE program, and, more recent ly,  f o r  f i e l d  operating 

data f o r  use i n  v a l i d a t i n g  o r  modifying rese rvo i r  models. I n  recent years, the 

hydrothermal R&D has been guided by quan t i f i ed  cost-of-power objectives. 

The federal  r o l e  i s  now changing again t o  emphasize appl icat ions research 

and development a c t i v i t i e s ,  whi le  cont inuing long-term, h i g h - r i s k  research. 

Thus, a balance i n  a v a i l a b i l i t y  o f  technologies i s  sought among near-, mid-, and 

long-term object ives.  The O f f i c e  o f  Conservation and Renewable Energy has been 

reorganized t o  create an end-use or iented s t ruc tu re  t o  address the usefulness 

o f  i t s  program to: 
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0 

0 reduce energy demand 

0 

0 

Throughout the l i f e  o f  the federal program, R&D o f  advanced systems f o r  

geopressured, ho t  dry rock, and magma appl icat ion has been s o l e l y  a government 

function. This approach i s  i n  accordance w i t h  the mandate o f  the RD&D Act t o  

determine and improve the s c i e n t i f i c ,  engineering, and economic f e a s i b i l i t y  o f  

develop addi t ional  energy suppl i e s  

reduce i n s t i t u t i o n a l  b a r r i e r s  t h a t  constrain renewable technologies 

accelerate market penetrat ion by new technologies. 

using energy from a l l  types o f  geothermal systems. 

Importance o f  Government Role t o  Date 

The importance o f  the federal program i n  U.S. geotherma 

date cannot be underestimated, and i s  inherent i n  the bene f i t s  

Spec i f i c  examples can be of fered. 

A major example of the general appl icat ion o f  previous 

development t o  

i temized above. 

esearch r e s u l t s  

i s  the industry-wide use o f  high-temperature mater ia ls and components developed 

w i t h  federal  do l l a rs .  Even more important, i n  almost every instance o f  which 

the Geothermal D i v i s i o n  i s  aware, indust ry  has i n  t u r n  spent i t s  own development 

resources t o  f u r t h e r  r e f i n e  the research formulations. 

Eight o f  14 rese rvo i r s  explored under DOE‘S Industry-Coupled D r i l l i n g  

Program are i n  production, and each one i s  acknowledged t o  have undeveloped 

po ten t i a l .  A cost-shared inventory o f  low- and moderate-temperature resources 

i n  22 s tates and cost-shared d i r e c t  use demonstration p ro jec ts  l e d  t o  an upsurge 

, o f  these appl icat ions i n  the l a t e  1970’s; most p ro jec ts  or ig inated with DOE 

funds have since been expanded. Implementation o f  many o f  the recommendations 

o f  the DOE-funded Interagency Geothermal Stream1 i n i n g  Task Force have l e d  t o  
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remedial regulatory  and admin is t ra t ive changes t h a t  g r e a t l y  accelerate and i 
.. reduce the costs o f  geothermal development. i, 

I n  terms o f  s i t e - s p e c i f i c  e f f e c t s  o f  government research, the technology 

f o r  economical use o f  supersaline f l u i d s  i n  f l a s h  plants, developed a t  the 

cooperative government/industry Geothermal Loop Experimental Fac i l  i ty, i s  used 

today i n  s i x  p lan ts  a t  the Salton Sea rese rvo i r  t o t a l l i n g  200 MWe i n  capacity. 

This technology has a lso been the subject o f  in tens ive fo l low-up by industry,  

and i f  technologies are avai lab le f o r  appropriate management o f  t h i s  f i e l d ,  

n i  

b 
another 1800 MWe may be developed. A t  Coso, which today hosts 240 MWe o f  

geothermal power, the developer s ta r ted  w i t h  DOE-funded data and b u i l t  a 

successful explorat ion e f f o r t .  

A t  the r e l a t i v e l y  mature stage o f  geothermal development today, what i s  

the r a t i o n a l e  f o r  continued federal  power generation technology research and 

development? For oversight o f  i n s t i t u t i o n a l  impediments t o  geothermal growth? 

For t r a n s f e r  o f  advanced technologies t o  industry? For continued contr ibut ions 

b: 
1 '  u 

- 
r t  t o  geothermal education? 

The answer appears t o  be t h a t  wi thout continued federal  geothermal 

involvement, achievement o f  the nat ional  goals f o r  energy secu r i t y  and a mix o f  

compet i t ive energy supply opt ions w i l l  be extended much f u r t h e r  i n t o  the f u t u r e  

i nso fa r  as the use o f  geothermal i s  concerned. This indust ry  alone i s  not y e t  

b 

Id 
1 "  u 

prepared t o  reach the f u l l  geothermal po ten t i a l  i n  a t ime ly  manner. 

THE VISION 
8 1  

The challenge, o r  opportun ty, confront ing the Geothermal D iv i s ion  i s  t o  

help increase the amount o f  our country's energy t h a t  can be economically 

recovered and used f o r  bene f i c ia l  p oses. Spec i f i ca l l y ,  our mission i s  t o  

i d  

s) 
I increase the  geothermal reserve, reserve being defined as t h a t  p o r t i o n  o f  the 

d 
7 c 



i i d e n t i f i e d  resource which can be extracted economically under present 
hi 
4- condi t ions . 
L Geothermal energy accounts f o r  near ly  40 percent 

base o f  near ly  4 m i l l i o n  quads, o r  about 660,000 b 

equivalent. Yet, the geothermal reserve i s  estimated t o  
h i  

bs 

o f  our t o t a l  resource 

l l i o n  ba r re l s  o f  o i l  

drop t o  only 4 percent 

I o f  the t o t a l  reserve o f  6,400 quads. I n  fact ,  the current  reserve includes only 

two categories o f  geothermal energy -- hydrothermal convection systems w i t h  

temperatures o f  150°C o r  above and low-temperature (>40"C) hydrothermal f l u i d s  

u 
G 
I 

I f o r  d i r e c t  use appl icat ions.  The reserve excludes conduction-dominated thermal 

$i regimes, geopressured, hot  d ry  rock, and magma. Clear ly,  increasing the 

i; geothermal reserve i s  l a r g e l y  technology-dependent, a1 though a heal t hy  

i n f ras t ruc tu re  and ava i l ab le  transmission f a c i l i t i e s  must a lso be maintained. 

Techno1 o w  Development Needed f o r  Power Generation/Enerqy Sum1 y 

;bd 

i; 

LI 
LJi 

Expansion by the geothermal indust ry  both w i t h i n  and beyond the 17 

c u r r e n t l y  producing reservo i rs  w i l l  requi re  innovat ive technologies. There i s  

l i t t l e  experience i n  t h i s  country i n  expanding the use o f  l iquid-dominated 

f i e l d s  t h a t  have been i n  production f o r  several years. Thus, technologies are 

needed t o  determine the e f f e c t s  o f  e x i s t i n g  operations on the rese rvo i r  and t o  

opt imize placement o f  new plants, new production wells, and new i n j e c t i o n  wel ls  

t o  reduce the r i s k  o f  mismanagement o r  over-production o f  the reservo i r .  

I n  addi t ion,  whi le  operations a t  The Geysers steam f i e l d  are, and always 

have been, an i ndus t r y  pursu i t ,  there i s  an apparent government ob l i ga t i on  t o  

cost-share r e s t o r a t i o n  o f  the p r o d u c t i v i t y  o f  the f i e l d  f o r  two reasons, F i r s t ,  

The Geysers complex o f f e r s  the f i r s t  opportuni ty i n  t h i s  country t o  determine 

u 

bd 

i the needs f o r  managing mature geothermal f i e lds ,  and t h i s  is seen as equal ly an 

I important f unc t i on  as supporting the technology needed t o  open new f i e l d s .  
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Second, the success of The Geysers, and now its decline, are so well known 

worldwide that maintaining confidence in this field is critical to confidence 

in all proven and yet-to-be-proven geothermal fields. The importance of The 

Geysers field is further demonstrated by the participation of both DOE and 

industry. In FY 1990, $3.5 million in funds or in-kind contributions were 

invested by industry; DOE provided $1.2 million. For FY 1991, industry has 

earmarked $4.5 million and DOE has budgeted $2.5 million for cost-shared 

research on The Geysers. 

For expansion to new reservoirs, industry is seeking innovative methods 

to locate and characterize undiscovered hydrothermal reservoirs, particularly 

those with no significant surface manifestations of a subsurface heat source. 

Only one such area is in production today -- the "blind" Desert Peak reservoir 

in Nevada. 

While drilling technology is an integral part o f  all stages of geothermal 

development - -  exploration, reservoir development, production, and use - -  the 
costs are still up to 3 to 4 times those of oil and gas wells. Thus, new 

drilling technologies are needed to reduce the costs of exploratory wells to 

confirm hidden reservoirs and to increase the geologic data obtained from each 

well. In addition, such innovations would greatly improve the "dry hole" ratio 

in fractured reservoirs and increase well productivity. This would cut the 

number of wells needed for each 100 MW of installed power. 

Increases in conversion efficiencies are needed to optimize the heat value 

of the resource and to offset large investments in finding and producing the 

resource. In addition, better modular technology than is available today will 

supply an enhanced means o f  testing new reservoirs, allowing early power 
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production and cost  f low, encouraging step-by-step development, and reducing 

f inanc ing costs. 

I f  geopressured and hot dry  rock resources are t o  be commercially 

developed i n  the future,  the Geothermal D iv i s ion  must t r a n s f e r  the knowledge 

t h a t  w i l l  permit  decisions about the economic competitiveness and re1 i a b i l i t y  

o f  these new energy sources f o r  f u tu re  development. 

I n  the case o f  geopressured brines, indust ry  needs an understanding o f  how 

geopressured rese rvo i r s  behave over extended periods o f  t ime (e.g., d r i v e  

mechanisms), inc lud ing the a b i l i t y  t o  p red ic t  rese rvo i r  cha rac te r i s t i cs  

( rese rvo i r  s i ze  and longevi ty,  hydrocarbon content, s a l i n i t y )  w i t h  high 

confidence. For hot d ry  rock, f u tu re  developers w i l l  need d e f i n i t i v e  

in format ion on rese rvo i r  1 i fe t ime,  f low impedance, water consumption rates, 

production f l u i d  temperatures, and energy production on an extended basis. 

Potent ia l  Needs i n  U.S. Geothermal I n f r a s t r u c t u r e  

As noted above, the U.S. geothermal indust ry  c u r r e n t l y  operates i n  a 

r e l a t i v e l y  f r i e n d l y  i n f r a s t r u c t u r e  i n  terms o f  o f f i c i a l  and publ i c  acceptance 

with, a t  present, on ly  one major s i t e - s p e c i f i c  exception i n  Hawaii. However, 

as use o f  t h i s  resource expands i n t o  new areas, assistance o r  support i n  

outreach a c t i v i t i e s  may be warranted t o  inform cognizant regulatory  o f f i c i a l s  

and/or the p u b l i c  as t o  the nature o f  the impact o f  geothermal development on 

t h e i r  communities o r  region. For example, the prime geothermal prospect areas 

i n  Oregon l i e  i n  h i g h l y  scenic nat ional  forests.  As geothermal development 

began t o  approach r e a l i t y  i n  t h i s  area, pub l i c  concern and opposi t ion mounted. 

The U.S. Forest Service has undertaken, apparently successful ly, through 

comprehensive publ i c  informat ion programs, t o  p ro tec t  the m u l t i p l e  i n te res ts  o f  

the publ ic,  o ther  f o r e s t  users, and the geothermal community. Without t h i s  
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e f fo r t ,  i t  was f e l t  t h a t  geothermal development might not  have been able t o  

expand i n t o  the P a c i f i c  Northwest. 

However, t h i s  s i t u a t i o n  appears t o  be one r e s u l t  o f  e a r l i e r  DOE outreach 

e f f o r t s  t o  in form Forest Service personnel on the importance and bene f i t s  o f  

geothermal use and the po ten t i a l  f o r  successful co-existence o f  geothermal 

development wi th  competing i n t e r e s t s  i n  the forests.  This e f f o r t  l e d  t o  

expedited decis ions on the lands t o  be leased f o r  geothermal development and 

under what condi t ions.  Land use concerns, environmental mandates, and pol  i c y  

decisions a t  the federal  and s ta te  l e v e l s  a f f e c t i n g  geothermal development w i l l  

continue t o  be monitored. 

The indus t r y  i t s e l f  appears t o  have overcome, a t  l e a s t  f o r  now, the 

problem o f  the remote l o c a t i o n  o f  many geothermal reservo i rs  v i s - a - v i s  the 

a v a i l a b i l i t y  o f  transmission l i nes .  This i s  i l l u s t r a t e d  by the transmission 

l i n e  b u i l t  s p e c i f i c a l l y  f o r  and by the geothermal power p lan ts  operating i n  

Imperial  Val ley. And, Oxbow Geothermal found the resource a t  D i x i e  Valley, 

Nevada, s u f f i c i e n t l y  commercially a t t r a c t i v e  t o  b u i l d  i t s  own 220 m i l e  l i n e  t o  

a t i e - i n  with e x i s t i n g  l i n e s .  The key here, however, i s  a large, high q u a l i t y  

resource; a l esse r  resource may never j us t i f y  such expenditures, and some form 

o f  governmental support may be warranted a t  the u t i l i t y ,  state, o r  regional  * 

1 eve1 . 
i n  the marketing o f  geothermal power appears t o  be on the 

hor izon throu oad fo l l ow ing  operations. While hot geothermal wel ls  cannot 

be shu t - i n  f o  extended periods without considerable r i s k  o f  damage, the 

i ndus t r y  is  f g t h a t  i t  has the c a p a b i l i t y  t o  reduce production over c e r t a i n  

periods. One u t i l i t y  a t  The Geysers has ind icated t h a t  i t  has been p r a c t i c i n g  

load f o l l ow ing  f o r  over a year. Whether the industry's des i re  t o  change from 

11 



11 s t r a i g h t  baseload operations w i l l  c a l l  f o r  any DOE involvement i s  unclear a t  b i  
t h i s  t i m e .  

L Obstacles t o  Geothermal Development 

1 '  During the National Energy Strategy process, geothermal representatives 

M noted t h a t  a concerted R&D e f f o r t  by DOE i s  needed t o  solve technology problems 
1 e x i  s t i n g  i n  increasing geothermal use. These probl ems are described i n  general 

above. In addit ion,  these representatives i d e n t i f i e d  the fo l l ow ing  obstacles 

t o  geothermal development although there i s  no apparent consensus t h a t  these 

problems e x i s t  industry-wide: 

w 

i 

0 

Energy p r i ces  have dropped so low t h a t  there are no incent ives t o  

make the l a rge  investments required t o  f i n d  and develop new 

resources. The e f f e c t s  o f  subsequent act ions i n  the Middle East on 

o i l  p r i ces  are not  y e t  c lear .  

The market f o r  geothermal power i s  p r i m a r i l y  i n  the western states 

where there i s  c u r r e n t l y  an oversupply o f  generating capacity. 

Present tax  regulat ions do not  provide s u f f i c i e n t  encouragement t o  

geothermal development. 

Lack o f  incent ives f o r  development o f  resources t h a t  are 

environmental ly advantageous; present energy p o l i c i e s  do not  r e f l e c t  

t he  external  costs o f  energy transformation and use, o r  consider 

t o t a l  f u e l  -cycle costs. 

Denial o f  f r e e  access t o  transmission l i n e s  and wheeling r i g h t s  by 

major u t i l i t i e s .  

F a i l u r e  t o  p lan cooperat ively f o r  geothermal development --  e.g., 

through u n i t i z a t i o n .  

w 

d 

'd 

12 



0 Relative lack of support of U.S. government in enhancing exports of 

geothermal products and services as compared with the programs of 

competitor countries. 

ODtions fo r  Removal or Alleviation o f  Obstacles 

The reorganization of DOE'S Office of Conservati on and Renewabl e Energy 

referred to above is designed to accelerate the market penetration of new 

technologies to suitable end-use applications in several energy sectors. 

Applications research and development activities to "push" technologies to 

commercial maturity for both demand-side and supply-side approaches to energy 

supply are being emphasized under this arrangement, along with reducing 

institutional and economic barriers to allow market "pull" to enhance the use 

of these technologies. Within the new structure, the Office of Utility 

Technologies has been created to play a key role in addressing the challenges 

and opportunities facing the electric sector, including geothermal use for power 

generation. 

While the National Energy Strategy (NES) is not yet complete, the 

reorganized renewable energy program is already focusing on the enunciated 

obstacles to geothermal development. For example, for the first time, an effort 

is being made to integrate energy and environmental policies. In implementing 

related portions of the NES as it is finalized, the program foresees a new 

working relationship with the Environmental Protection Agency, particularly in 

the arena of pollution prevention through policies that will encourage greater 

use of renewable energy. Consideration is being given to mechanisms for 

performing complete fuel cost analyses for energy systems as a whole which 

evaluate the economic, social , and environmental costs of competing technologies 
to help the private sector better assess the most cost-effective allocation of 
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resources t o  meet energy needs. The impact o f  the new Clear A i r  Act amendments 

are being analyzed t o  determine t h e i r  po ten t i a l  e f f e c t  on geothermal energy i n  

the U.S. power market. The impact i s  expected t o  be economically favorable as 

the costs o f  more s t r i ngen t  regulat ions are appl ied t o  f o s s i l - f i r e d  plants.  

New programs t o  address issues regarding transmission p r i c i n g  and access 

can make major s t r i d e s  toward maximum u t i 1  i z a t i o n  o f  transmission systems, and 

various types o f  t a x  incent ives are being analyzed t o  determine t h e i r  po ten t i a l  

impact on energy technologies. Amendments t o  PURPA have been enacted i n  

November 1990 which remove the cap on p lan t  s i ze  f o r  a l l  energy technologies 

covered by the Act. 

New l e g i s l a t i o n  e n t i t l e d  the "Renewable Energy and Energy E f f i c i ency  

Technology Competitiveness Act o f  1989," signed by the President i n  December 

1989, supports the goals o f  DOE'S Renewable Energy Programs. It c a l l s  f o r  

author izat ion o f  renewable energy R&D budgets f o r  three f i s c a l  years a t  a time, 

a move t h a t  would add considerable s t a b i l i t y  t o  research programs, and one which 

has long been advocated by the industry.  

I n  addi t ion,  the Act addresses the des i re  o f  the U.S. i ndus t r y  t o  increase 

i t s  competit iveness i n  overseas markets. It d i r e c t s  the Committee on Renewable 

Energy, Commerce, and Trade (CORECT) t o  "establ ish i n  consul ta t ion w i t h  

representat ives o f  a f fected industr ies,  recommended admin is t ra t ive guide1 ines 

f o r  federal  export  loan programs t o  s impl i fy  app l i ca t i on  by f i rms seeking export 

assistance for  renewable energy technologies from agencies implementing such 

programs. 

Key ParticiDants Needed for Success 

A l l  elements o f  the U.S. geothermal community con t r i bu te  t o  the success 

o f  our R&D program, as we l l  as t o  helping t o  assure an i n f r a s t r u c t u r e  i n  which 
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geothermal development can f l o u r i s h  as more market oppor tun i t ies become 

avai lable.  The community i s  an especia l ly  c lose k n i t  one, and cooperation i s  

the norm. This group includes other federal agencies - -  the U.S. Geological 

Survey, the Bureau o f  Land Management, the U.S. Forest Service - -  s ta te  energy 

and resource agencies, the nat ional  laborator ies,  u t i 1  i t i e s ,  and industry. 

Two unique DOE/industry organizations, the Geothermal D r i l l i n g  

Organization (GDO) and the Geothermal Technology Organization (GTO), are a 

c r i t i c a l  f a c t o r  i n  the successful t rans fe r  of technology t o  the marketplace. 

These organizations funct ion s i m i l a r l y  except t h a t  the i n t e r e s t s  o f  the GDO are 

centered on geothermal d r i  11 i ng technol ogi es, whereas the GTO focuses on 

technol ogy development re1 ated t o  reservo i r  performance and energy conversion. 

Both organizations support p ro jec ts  designed t o  market the products o f  research. 

Projects are j o i n t l y  funded by DOE and the p a r t i c i p a t i n g  indust ry  partners, w i t h  

indust ry  prov id ing a t  l e a s t  50 percent o f  the t o t a l  cost. Just  recent ly,  the 

GDO completed improvements t o  a r o t a r y  head seal and, dur ing FY 1990, 

t r ans fe r red  the  technology t o  indust ry  f o r  production. I n  addi t ion,  both 

organizat ions f requent ly  provide t e s t  s i t e s  f o r  i nves t i ga t i ng  new technology and 

methods. For example, GTO members provided the premises f o r  a cooperative 

research e f f o r t  t o  monitor data from an advanced seismic array a t  The Geysers. 

Geothermal D i v i s i o n  Mu1 t i v e a r  Objectives 

The major ob ject ives o f  the Geothermal D iv i s ion  f o r  the FY 1992-1996 

planning per iod are as fol lows: 

e Near-Term 

Enhance geothermal rese rvo i r  management technol ogy and upgrade 

d r i  11 i ng and conversion technol ogi es t o  expand the use o f  known 

hydrothermal reserves 
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0 M i  d -Term 

Improve reservo i r ,  d r i  11 i ng , and conversion techno1 ogi es t o  reduce 

hydrothermal costs t o  3-7$/kWh and discover new reserves. 

0 Long-Term 

Provide indust ry  w i t h  informat ion on geopressured and hot d ry  rock 

technology adequate f o r  informed decision-making. 

The hydrothermal mid-term technology cost ob jec t i ve  was determined through 

the use o f  a q u a n t i t a t i v e  cost-of-power model (IMGEO, "Impacts o f  Geothermal 

Research"). The model simulates i n te rac t i ons  among the components o f  a 

hydrothermal e l e c t r i c  p lan t  and enables a comprehensive cost analysis o f  impacts 

from each element o f  the hydrothermal research program. For example, the impact 

on the cost  o f  power o f  a 20 percent decrease i n  wel l  d r i l l i n g  costs can be 

determined. S e n s i t i v i t y  analyses can be conducted t o  determine which technology 

improvements w i l l  have the greatest  ove ra l l  impact. Models f o r  geopressured and 

hot d ry  rock resources are under development. 

NES Project ions for Geothermal Power on Line 

. 

I f  the primary research goal t o  reduce the cost o f  hydrothermal power t o  

3-7#/kWh i s  reached i n  the l a t e  199O's, the economically avai lab le hydrothermal 

supply w i l l  increase t o  as much as 25,000 MWe by the year 2030, This goal w i l l  

be accomplished w i t h  an R&D core program focused on the major cost -sensi t ive 

technology areas: rese rvo i r  engineering and management, d r i l l i n g ,  and energy 

conversion. The core program augmented by two new i n i t i a t i v e s  - -  one i n  

explorat ion t o  expand the economic resource base and one i n  advanced d r i l l  i n g  

systems t o  reduce the cost  o f  tapping these resources -- possesses the po ten t i a l  

t o  expand geothermal power supplies t o  45,000 MWe by 2030. These estimates are 
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derived from the NES modeling o f  potential market penetration and do not reflect 

ultimate geothermal' production. 

THE STRATEGY 

Primary Research Activities by Year and Expected Incremental Products 

The primary research activities for FY 1992 are shown in Table 1 for 

Hydrothermal Systems, Geopressured Research, and Advanced Systems, a1 ong with 

the expected incremental products of the research. This information for the 

outyears FY 1993-1996 is shown in Table 2. 

These program activities are designed to accomplish the three levels of 

program objectives defined in an important companion program document entitled 

Proqrammatic Objectives of the Geothermal Division, U.S. Department of Enerqv 

(Revised). As that document points out, analysis of technology performance is 

a critical step in determining geothermal objectives. Until recent years, the 

performance analysis was largely qualitative, necessitating considerable 

subjective judgment on the part of Geothermal Program managers. Now, however, 

the subjective approach has been reduced by the introduction of the 

quanti tative, cost-of-power IMGEO model. 

The Level I objectives allow analysts and decision makers to estimate the 
future cost o f  power from geothermal energy systems. At this level, the 

objectives are expressed in terms o f  reducing the life-cycle costs o f  energy 

from a typical geothermal energy production, project (e.g., a binary electric 

power plant including its geothermal fluid supply). 

The basis for the Level I hydrothermal objective is that the technology 
is not available for economic exploitation o f  the large bulk o f  the identified 

hydrothermal reservoirs in this country where the temperature is below the 

economic range of flash plants. Some very small binary units - -  most around 2 
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PROGRAM ELEMEHT 

HYDROTHERMAL SYSTEHS 

Reservoi r Technology 

Table 1 

PRIMARY RESEARCH ACTIVITIES OF THE 
GEOTHERMAL DIV IS ION FOR FY 1992 

AND EXPECTED RESULTS 

RESEARCH ACTIVITIES 

Work w i t h  u t i l i t i e s  and f i e l d  
operators a t  The Geysers t o  t e s t  and 
eval ua t e  water i n j e c  t i on s t ra teg  i es 
f o r  maximum energy recovery. 

F i e l d  t e s t  surface-based h igh 
frequency seismic monitors f o r  
accurate measurement o f  f r a c t u r e  
planes i n  The Geysers. 

Determine basic thermodynamics o f  
hydrogen ch lo r i de  gas i n  steam. 

Invest igate the mechanism o f  water 
adsorption on f ractured rock 
surfaces. 

Conduct j o i n t  ventures w i t h  i ndus t r y  
t o  se lect  the most innovat ive 
explorat ion methods and implement 
the best explorat ion techniques. 

EXPECTED RESULTS 

Determination o f  the most e f f e c t i v e  
method o f  water i n j e c t i o n  t o  reverse 
the pressure dec l ine a t  The Geysers 
and r e t u r n  the  steam f i e l d  
production c lose r  t o  the i n s t a l l e d  
2,000 MWe capacity; i f  successful, 
extend the rese rvo i r  l i f e t i m e  by an 
order o f  magnitude. 

A b i l i t y  t o  l o c a t e  major producing 
zones and reduce the r i s k  and cost 
associated w i t h  d r i l l i n g  production 
wells. 

A b i l i t y  t o  con t ro l  HC1 corrosion i n  
valves and surface pipes a t  The 
Geysers and other  geothermal f i e l d s .  

Abi 1 i ty t o  determine water 
saturat ion i n  rese rvo i r  f ractures 
and the longev i t y  o f  production. 

Character izat ion o f  the large number 
of undiscovered geothermal resources 
i n  the U.S. 
s i t e s  f o r  future indust ry  
development . 

B u i l d  an inventory o f  



Table 1 

PRIMARY RESEARCH ACTIVITIES OF THE 
GEOTHERMAL D I V I S I O N  FOR FY 1992 

AND EXPECTED RESULTS 

PROGRAM ELEMENT RESEARCH ACTIV IT1 ES 

Reservoir Technology (Continued) Ac t i ve l y  invo lve indus t ry  i n  
techno1 ogy development t o  produce 
the new generation o f  instruments 
necessary t o  discover hidden 
geothermal systems. 

I n  cooperation w i t h  the Geothermal 
Techno1 ogy Organi za t  i on, conduct 
indus t ry -d i  rected, j o i  nt-venture 
research t o  design the  product ion 
we l ls  and methods needed t o  operate 
a geothermal rese rvo i r  as a load- 
f o l  1 owing energy source. 

Transfer t o  indus t ry  technology f o r  
empl acing encapsulated cements and 
br idg ing  mater ia ls  t o  cont ro l  l o s t  
c i r cu la t i on ;  acquire data t o  a i d  the 
design o f  an expert  system f o r  l o s t  
c i  r c u l  a t  i on  operations; begin 
fab r i ca t i ng  prototype and developing 
software; f i e l d  t e s t  the  d r i l l a b l e  
s t raddle packer and ve loc i  t y - l e v e l  
f low too ls .  

Hard Rock Penetrat ion 

Conduct f i e l d  t e s t s  t o  compare 
production i n  l a rge  and small 
wellbores; b u i l d  and t e s t  PDC cor ing 
b i t s ;  def ine needs f o r  high- 
temperature s l  imhol e d r i  11 i n g  
f l u ids .  

EXPECT ED RESULTS 

Enhanced super io r i t y  o f  U.S. 
indus t ry  i n  the  in te rna t iona l  market 
f o r  geothermal explorat ion and a 
compet i t ive advantage f o r  U.S. 
companies. Increased ef fect iveness 
o f  expl o ra t i on  too l  s and methods. 

S i g n i f i c a n t l y  increased economic 
value o f  the  reservo i r  through the 
a b i l i t y  t o  operate i n  a peaking 
mode. 

Achieve 80 percent reduct ion i n  
downtime due t o  l o s t  c i r c u l a t i o n  
episodes which cons t i tu te  20 percent 
o f  we l l  costs. 

Development o f  re1 a t i v e l y  
inexpensive cor ing holes which can 
assess reservo i r  productive capacity 
a t  h a l f  the cost o f  conventional 
wel ls .  



PROGRAM EtEMENT 

Hard Rock Penetrat ion (Conti 

Iu 
0 

Conversion Technology 

T a b l e  1 

PRIMARY RESEARCH ACTIVITIES OF THE 
GEOTHERMAL DIVISION FOR FY 1992 

AND EXPECTED RESULTS 

RESEARCH ACTIVITIES 

F i e l d  t e s t  w i t h  indus t ry  advanced 
modular downhole memory t o o l s  and 
develop borehole instruments w i th  
indust ry  . 

Design d r i l l i n g  hardware f o r  
empl acement o f  v e r t i c a l  heat 
exchangers f o r  geothermal heat 
pumps. 

Place new r o t a r y  head seal i n t o  
commercial app l i ca t ion  through the  
Geothermal D r i l l i n g  Organization. 

Begin new GDO pro jec ts  on near-term 
technol ogy improvements t h a t  are 
selected and cost-shared by indust ry  
on a 50-50 basis. 

Conduct condensation experiments on 
supersaturated expansions i n  b inary 
turbines; se lect  prototype advanced 
head i n j e c t i o n  system and begin 
HCRF mod i f i ca t ion  design; 
incorporate advances i n t o  concepts 
f o r  commerci a1 we1 1 head generator 
system. 

EXPECTED RESULTS 

Adaptation o f  several key 
geophysical measurement techniques 
used f o r  o i l  exp lorat ion t o  
geothermal appl icat ions;  15 percent 
reduct i o n  i n  number o f  expl oratory  
we1 1 s needed. 

Expand cos t -e f fec t i ve  market 
penetrat ion o f  geothermal heat pumps 
i n  h igher  densi ty  urban markets. 

Increase r e l i a b i l i t y  and reduce 
costs o f  r o t a r y  head seals. 

Support o f  technol ogy advancement 
and technol ogy t ransfer .  

Poten t ia l  25-30 percent e f f i c i e n c y  
improvement i n  binary cyc le  systems. 



PROGRAM ELEMENT 

Conversion Technology (Continued) 

I 

Table 1 

PRIMARY RESEARCH ACTXVITIES OF THE 
GEOTHERMAL DIVISION FOR FY 1992 

AND EXPECTED RESULTS 

RESEARCH ACTIVIT I ES 

Document field tests of heat- 
resistant, 1 ightweight cements and 
complete technology transfer. 

Measure the resistance of ceramic- 
based cements to scaling and 
corrosion under simulated conditions 
at 300°C. 

Perform 1 aboratory evaluations of 
chemical systems that will bond 
elastomers to steel. 

Measure durabi 1 i ty, pumpabi 1 i ty, and 
density of materials that function 
as drilling fluids, but set up like 
cements when they enter fractures in 
rock formations . 
Extend existing brine chemistry 
model to include new experimental 
data to improve the capability to 
predict scaling tendency o f  
geothermal brines. 

Continue development of a system to 
detoxify geothermal wastes with 
bacteria; design continuous process 
prototype for commerci a1 geothermal 
site . 

EXPECTED RESULTS 

Development of material s which can 
be used in the completion o f  
geothermal we1 1 s. 

Extension of casing life by 10 
years, costing one-third as much as 
metal a1 loys. 

Reduce cost of wells by the 
avai 1 abi 1 i ty of advanced dri 1 1  i ng 
tools. 

In situ lost circulation materials. 

Assistance to industry in reducing 
plant maintenance costs by 10 
percent. 

Potential for over 80 percent 
reduction in waste disposal costs. 
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PROGRAM EtEHMT 

GEOPRESSURED RESEARCH 

We1 1 Operations 

Geosciences and Engineering 
Support 

Iu 
Iu 

t f.. K 

Tabl-. 1 

PRIMARY RESEARCH ACTIVITIES OF THE 
GEOTHERMAL DIV IS ION FOR FY 1992 

AND EXPECTED RESULTS 

RESEARCH ACT I V I T I  ES 

Shut-in Pleasant Bayou well for 
pressure buildup. 

Plug and abandon Pleasant Bayou 
well. 

Construct production facilities at 
Hulin well site. 

Complete scientific tests at 
Pleasant Bayou well site and analyze 
data. 

Continue research activities for 
Hulin well. 

Continue monitoring of surface and 
ground water, microseismicity, and 
subsidence at well sites. 

Interpret and analyze well logs for 
programmatic activities. 

Monitor and coordinate program we1 1 
site activities and related 
university research. 

f t t -  c t c -  

EXPECTED RESULTS 

Acqui sit i on of pressure bui 1 dup data 
for Val idation of reservoir model. 

Prepare well site for flow testing. 

Ident i f i cat i on of reservoi r dri ve 
mechanisms and determination of the 
reservoir's long-term production 
capabi 1 i ty . 
Refinement of Hulin site geology. 

Verify absence of environmental 
effects from geopressured we1 1 
testing activities. 

Support of Hul i n we1 1 testing 
activities. 

Issuance of monthly management 
reports and an integrated research 
program. 



PROGRAM ELEMENT 

ADVANCED SYSTEHS - HOT DRY ROCK 

Phase I1 Energy Extraction System 

Phase I1 Ancillary Actiwities 

Test Site Support 

Tools and Instrumentation 

Table 1 

PRIMARY RESEARCH ACTIVITIES OF THE 
GEOTHERMAL DIVISION FOR FY 1992 

AND EXPECTED RESULTS 

RESEARCH ACTIVITIES 

Conduct Long-Term Flow Test (LTFT) . 

Extend cooperative testing at the 
Fenton Hill site. 

Operate reservoi r under a1 ternat i ve 
conditions. 

Establish baseline of long-term 
reservoir performance. 

Secure and adjust water supplies to 
accommodate LTFT. 

Col lect and evaluate environmental 
monitoring data. 

Continue site maintenance activities 
and conduct safety and emergency 
reviews . 
Improve logging tools for use in HDR 
environment. 

EXPECTED RESULTS 

Provide estimate of thermal 1 ifetime 
and determination of reservoir 
productivity. 

Confirmation of findings from 
ini ti a1 reservoir analyses. 

Definition of governing criteria for 
optimum productivity. 

Tool for industry assessment of 
potential applications of hot dry 
rock technology. 

Ensure sufficient water needed for 
the LTFT. 

Verification of the absence of 
effects from sustained reservoir 
operations . 
Assure safe and efficient operation 
of test site. 

More efficient logging and analysis 
of HDR wells and reservoirs. 



PROGRAM ELEMENT 

Reservoir Engineering 

I u '  
P 

Technology Appl icat ions 

Table 1 

PRIMARY RESEARCH ACTIVITIES OF THE 
GEOTHERMAL DIV IS ION FOR FY 1992 

AND EXPECTED RESULTS 

RESEARCH ACTIVIT I ES 

V e r i f y  behavior o f  d iagnost ic  
t racers.  

Continue microseismic monitor ing and 
improve 3-D model s o f  rese rvo i r  
performance using se i  smi c i  t y  and 
t r a c e r  'data. 

Extend modeling analysis t o  m u l t i -  
wel l ,  mu l t i - rese rvo i r  conf igurat ions 
t h a t  simulate f u l l - s c a l e  commercial 
systems. 

Conduct f l u i d  m ine ra l i za t i on  
studies. 

Conduct techno1 ogy t r a n s f e r  
a c t i v i t i e s  i n  cooperation w i t h  the 
u t i  1 i t y  sector. 

EXPECTED RESULTS 

Demonstrate t h a t  t racers can p red ic t  
rese rvo i r  thermal l i f e t i m e  f o r  10- 
20 years i n t o  the future.  

Determine rese rvo i r  expansion 
parameters and improve accuracy o f  
rese rvo i r  mapping technology f o r  
eas ier  development o f  new HDR 
systems. 

Enhance modeis o f  e f f i c i e n t  
rese rvq i r  operational modes and 
improve accuracy o f  production and 
cost forecasting. 

Determi ne environmental 
cha rac te r i s t i cs  o f  c i r cu la ted  water 
and p r e d i c t  changes i n  f low 
impedance. 

Dissemination o f  HDR technology t o  
the p r i v a t e  sector. 



Table 2 

PRIMARY RESEARCH ACTIVITIES OF THE 

AND EXPECTED RESULTS 
GEOTHERMAL DIVISION FOR OUTYEARS 1993-1996 

PROGRAM ELWENT RESEARCH ACT I V  IT1 ES 

HYDROTHERMAL SYSTEMS 

Reseryoi r Techno1 ogy Invest igate the development o f  
in tegrated rese rvo i r  s imulat ion t h a t  
combines hydro1 ogy and geochemi s t r y  
i n  a s ing le  computer model. 

Publ ish a c o l l e c t i o n  o f  geothermal 
development case studies based on 
geothermal systems i n  the  western 
U.S. 

Transfer radar f racture mapping t o o l  
t o  indust ry  upon completion o f  cost-  
shared f i e l d  tests ;  w i t h  indust ry  
support, begin adapting subsurface 
dual-well  seismic technology t o  
l oca te  f ractures.  

Develop f i b e r  o p t i c  cables and 
sensors f o r  high-temperature (above 
300°C) 1 oggi ng . 
F i e l d  t e s t  porous packer and 
borehole te leviewer loss-zone 
character i  t a t  i o n  techniques; 
i n i t i a t e  development and f i e l d  t e s t  
expert system f o r  l o s t  c i r c u l a t i o n  
contro l .  

Hard Rock Penetrat ion 

EXPECTED RESULTS 

A b i l i t y  t o  t r a c k  the migrat ion o f  
i n jec ted  geothermal f l u i d s  and t o  
p r e d i c t  t h e i r  thermal and chemical 
changes i n  both vapor- and l i q u i d -  
dominated systems. 

Provide indust ry  with the co l lected 
experiences o f  geothermal 
development i n  active, producing 
f i elds . 
Reduction i n  d ry  hole r a t i o  i n  
f rac tu red  reservo i rs  by 20 percent. 

Reduction i n  the number o f  
exploratory wel ls  needed through 
advanced measurement techniques. 

Achieve 80 percent reduction i n  
downtime due t o  l o s t  c i r c u l a t i o n  
episodes which cons t i t u te  20 percent 
o f  we l l  costs. 



PRIMARY RESEARCH ACTIVITIES OF THE 
GEOTHERMAL DIVISION FOR OUTYEARS 1993-1996 

Table 2 

PROGRAM ELEMENT 

Hard Rock Penetration (Continued) 

Convers i on Techno1 ogy 

- _ _  --. 
AND EXPECTED RESULTS 

RESEARCH ACTIVITIES 

Develop surface techno1 ogy for 
exploratory coring rigs, sl imhole 
drilling fluids, and lost 
circulation materials; initiate 
development of measure-while-coring 
system; field test sl imhole coring 
exploratory drilling system. 

Complete testing advanced heat 
reject i on system. 

Complete testing supersaturated 
expansions in binary cycle turbines. 

Terminate Heat Cycle Research Task. 

Compl ete development of advanced 
elastomers and chemical coup1 ing 
systems. 

EXPECTED RESULTS 

Devel opment of re1 at i vel y 
inexpensive coring holes which can 
assess reservoir productive capacity 
at half the cost of conventional 
wells. 

Reductions in consumptions water use 
in heat rejection. 

Potential 5-10 percent improvement 
in advanced binary plant 
performance. 

Available technology for designing 
binary power plants with gains in 
fluid effectiveness as large as 25 
percent. Reductions in capital 
costs and costs of power for binary 
plants by as much as 11 percent and 
18 percent, respectively. 

Improve economics and reduce 
environmental impacts by the 
availability of advanced drilling 
tool s and safety-re1 ated devices. 



P F c 

N 
v 

Table 2 

PRIMARY RESEARCH ACTIVITIES OF THE 

AND EXPECTED RESULTS 
GEOTHERMAL DIVISION FOR OUTYEARS 1993-1996 

PROGRAM ELEMENT RESEARCH ACTIVITIES 

Conversion Techno1 ogy (Cont i nued) Complete the development of 
materials for the in situ conversion 
of drilling fluids into-well 
cements . 
Complete development o f  advanced 
non-metallic well casing liners. 

Refine existing brine chemistry 
model to improve the capabil ity to 
predict scal ing tendency o f  
geothermal brines and apply model to 
assist industry in solving on-site 
pro bl ems. 

GEOPRESSURED RESEARCH 

We1 1 Operations 

Geosciences and Engineering 
Support 

Continue development of a system to 
detoxify geothermal wastes with 
bacteria; scale-up bi oreactor 
operations; examine process 
economics. 

Flow test Hulin well, then plug and 
abandon well or transfer to 
i ndu s t ry . 
Measure and interpret aromatic 
hydrocarbons at Hul in . 

EXPECTED RESULTS 

Reduce well completion costs and 
extend well 1 ife. 

Reduce well costs and extend well 
1 ife. 

Assist industry in reducing plant 
maintenance costs by 10 percent. 

Potential for over 80 percent 
reduction in waste disposal costs. 

Determination of reservoir 
characteristics. 

Determination of the source and flow 
mechanism of aromatic hydrocarbons. 



Table 2 

PRIMARY RESEARCH ACTIVITIES OF THE 

AND EXPECTED RESULTS 
GEOTHERMAL DIVISION FOR OUTYEARS 1993-1996 

PROGRAM ELEMENT RESEARCH ACTIVITIES 

Geosciences and Engineering 
Support (Continued) 

I n t e r p r e t  Hu l i n  f l ow  t e s t  data. 

Continue monitor ing surface and 
ground water, microseismici ty and 
subsidence. 

Coordinate f i n a l  research reports.  

ADVANCED SYSTEtilS - HOT DRY ROCK 

Phase I1 Energy Ext ract ion System Complete Long-Term Flow Test. 

Phase I1 A n c i l l a r y  A c t i v i t i e s  Assure water supply. 

Test S i t e  Support 

Reservoir Engineering 

Environmental monitoring. 

S i t e  maintenance, and heal th  and 
safety a c t i v i t i e s .  

Analyze LTFT data. 

EXPECTED RESULTS 

Val i d a t i o n  o f  rese rvo i r  model and 
determination o f  the reservo i r 's  
long-term production capab i l i t y .  

V e r i f y  absence o f  environmental 
e f f e c t s  from geopressured wel l  
t e s t i n g  a c t i v i t i e s .  

Pub1 i c a t i o n  o f  f i n a l  research 
repor ts  i n  peer-reviewed journals.  

Compi 1 e re1 i ab1 e record o f  HDR 
engi neer i  ng , operat i onal , and 
maintenance factors.  

Provide water needed f o r  rese rvo i r  
t e s t .  

Confirm environmental 
cha rac te r i s t i cs  o f  HDR. 

Assure safe and e f f i c i e n t  operation 
o f  t e s t  s i t e  and provide data f o r  
the operation o f  commercial HDR 
s i t es .  

Determine long-term operating 
cha rac te r i s t i cs  and va l idate 
commercial v i a b i l i t y  o f  HDR. 



PROGRAM ELEMENT 

Techno ogy Appl i cat i ons 

Table 2 

PRIMARY RESEARCH ACTIVITIES OF THE 

AND EXPECTED RESULTS 
GEOTHERMAL DIVISION FOR OUTYEARS 1993-1996 

RESEARCH ACTIVITIES 

Investigate zone isolation and 
impedance reduction technol ogy . 
Eva1 uate enhanced power production 
modes. 

Support commercialization activities 
by industry and the implementation 
o f  enhanced production technol ogy. 

EXPECTED RESULTS 

Advanced techniques for reservoir 

faci 1 it i es. 

Veri fy a1 ternati ve modes o f  economic 
reservoi r production 

Commercial use o f  hot dry rock 
technol ogy. 

, enhancement and multi-reservoir 



MWe o r  l ess  i n  capaci ty --  are operating successful ly w i t h  low-temperature 

brines. However, i n  these cases, economics are d i c ta ted  by s i ze  and very 

favorab e s i t e - s p e c i f i c  condi t ions - -  e.g., s u f f i c i e n t  heat a t  very shallow 

depths, use o f  e x i s t i n g  we l l s  - -  t h a t  are not  general ly avai lable.  While the 

success o f  these small p lants  i s  t o  be applauded, even a m u l t i p l i c i t y  o f  

i n s t a l l a t i o n s  o f  t h i s  s i ze  w i l l  not  permit geothermal energy t o  reach i t s  f u l l  

po ten t i a l  as a v iab le  energy supply option. While indust ry  w i l l  p r o f i t a b l y  use 

small capaci ty f a c i l i t i e s  as " i c e  breaker" p lants  a t  undeveloped reservoirs,  and 

such u n i t s  are very useful  i n  f i l l i n g  small incremental power demand, more 

favorable economics fo r  l a r g e r  binary p lants  (e.g., 10-100 MWe) are the key t o  

meaningful expansion i n  geothermal u t i l i z a t i o n .  To achieve the cost goal, i t  

w i l l  be necessary t o  b r i ng  about economies across the board - -  from rese rvo i r  

character izat ion t o  d r i l l i n g  and f i e l d  development t o  the binary power cycle 

i t s e l  f . 
These economies are the focus o f  the Level I 1  hydrothermal object ives 

establ ished through the use o f  the IMGEO model. This l e v e l  o f  ob ject ive gives 

government and indust ry  managers an impression of how much improvement i s  1 i ke ly  

t o  occur w i t h i n  major p r o j e c t  components as a r e s u l t  o f  f e d e r a l l y  funded 

research. 

The Level I11 object ives prescr ibe the technical  d i r e c t i o n  o f  i nd i v idua l  

research pro jects .  They f a c i l i t a t e  communication among engineers and 

s c i e n t i s t s ;  they comprise the technical  yardst icks by which progress can be 

measured. 

Since cost-of-energy models equivalent t o  the IMGEO hydrothermal model are 

not  y e t  ava i l ab le  f o r  geopressured br ines o r  hot  d r y  rock, the object ives f o r  

these resource types, t o  which the R&D a c t i v i t i e s  i n  Tables 1 and 2 are 
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addressed, were set  by Geothermal D iv i s ion  staf f  through consul t a t i o n  w i t h  DOE 

f i e l d  R&D managers and indust ry  specia l is ts .  

Indust ry  i s  a c t i v e l y  p a r t i c i p a t i n g  i n  the planning and implementation o f  

Industry 's response t o  the r e s u l t s  o f  ob ject ive the R&D program object ives.  

achievement - -  i .e., whether o r  not industry 's development planning and 

a c t i v i t i e s  extend t o  more d i f f i c u l t  geothermal resources i n  the 1990s and beyond 

- -  w i l l  be the f i n a l  t e s t  o f  the success o f  t h i s  plan. 

Monitor inq o f  I n f r a s t r u c t u r e  Conditions 

The Geothermal Research, Development, and Demonstration Act o f  1974 

provides the a u t h o r i t y  f o r  the Geothermal D iv i s ion  t o  i d e n t i f y  "social ,  legal ,  

and economic problems associated w i t h  geothermal development (both 1 oca1 l y  and 

reg iona l l y )  f o r  the purpose o f  developing p o l i c y  and prov id ing a framework o f  

pol  i c y  a1 te rna t i ves  f o r  the commercial u t i l  i z a t i o n  o f  geothermal resources." 

The Geothermal D i v i s i o n  has exercised t h i s  au tho r i t y  i n  the past, l a r g e l y  

through funding the Interagency Geothermal Stream1 i n i n g  Task Force and the 

Bar r i e rs  Panel o f  the Interagency Geothermal Coordinating Council. 

And, as discussed previously, the Geothermal Div is ion,  and i t s  

predecessors, have maintained close contact w i t h  a l l  o f  the elements o f  the 

i n f r a s t r u c t u r e  i n  which the geothermal indust ry  --  both u t i l  St ies and developers 

-- operates. Thus, mechanisms are i n  place t o  monitor the status o f  the 

i n f r a s t r u c t u r e  elements and t o  i d e n t i f y  problem areas as they develop. There 

i s  regu la r  - -  formal and informal , scheduled and unscheduled - -  dialogue between 

the e n t i t i e s ,  and the Geothermal D iv i s ion  i s  kept abreast o f  i n t e r a c t i o n  between 

indus t r y  and t h e  environment i n  which i t s  operates. 

Regular i n t e r a c t i o n  w i t h  s ta te  energy o f f i ces  i s  maintained; frequent 

i n q u i r i e s  are d i rec ted  t o  s t a t e  regulatory  agencies t o  ascertain t h e i r  views on 
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geothermal i ndus t r y  compliance; and dialogue continues between the Geothermal 

D i v i s i o n  and regional  power agencies such as the Bonnevi l le Power 

Administrat ion. Funding o f  geothermal research programs a t  Stanford Un ive rs i t y  

and other  academic i n s t i t u t i o n s  provides "hands-on" experience f o r  students who 

provide the manpower pool f o r  the geothermal industry.  I n  addi t ion,  the 

Geothermal D i v i s i o n  expects t o  p a r t i c i p a t e  i n  and a c t i v e l y  support the pub l i c  

informat ion and educational program o f  the Geothermal Resources Counci 1 . 
Thus, l i t t l e  need i s  foreseen f o r  f u tu re  major i n te rven t ion  by DOE i n  the 

forces t h a t  shape the environment o f  geothermal development. That e f f o r t  i s  

p r i m a r i l y  behind us, although i t  i s  recognized t h a t  a l l  problems solved do not 

necessar i ly  remain solved i n  the long run. 

Ind icat ions o f  Prowess 

Due t o  the nature o f  geothermal operations - -  and the v a r i a b i l i t y  o f  the 

resource - -  progress i s  not measured i n  "overnight" successes. Rather, progress 

toward competit iveness w i t h  other fue l s  i s  based on an evolut ionary process, 

cons is t ing o f  incremental improvements i n  methods, equipment, and materials, 

marked i n t e r m i t t e n t l y  by exceptional advancements. 

For example, R&D i n  rese rvo i r  technology t o  character ize subsurface 

geologic s t ructures and the occurrences w i t h i n  them i s  an ongoing process, 

r e q u i r i n g  years o f  f i e l d  operating data t o  evaluate, v e r i f y ,  o r  modify 

character izat ions drawn from e a r l i e r  data. However, recent i n j e c t i o n  t e s t s  o f  

new organic t race rs  confirmed the ca lcu lat ions o f  a numerical rese rvo i r  model 

on t r a c e r  breakthrough, thus prov id ing s i g n i f i c a n t  evidence o f  a research 

success. 

The o v e r a l l  r e s u l t s  o f  the research a c t i v i t i e s  ou t l i ned  i n  t h i s  plan w i l l  

be measured i n  reductions i n  the cost  o f  geothermal power as determined by the I 
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IMGEO cost  model. The actual cost benef i ts  w i l l  accrue incremental ly i n  

subsequent years as indust ry  adopts the new technology and gains operating 

experience w i t h  it. 

Side or %in-Off Benef i ts  

As has been the case i n  previous experience, the o i l  and gas indust ry  and 

others may be expected t o  bene f i t  from c e r t a i n  advancements i n  reservo i r  

technology and innovat ive d r i l l  i ng  techniques developed through geothermal R&D. 

I n  addi t ion,  the high-temperature cements and mater ia ls  f o r  bonding high- 

temperature elastomers t o  metal can be expected t o  f i n d  appl i c a t i o n  wherever 

heat and/or corrosion create major problems i n  the wearab i l i t y  and longevi ty  o f  

materi  a1 s. 

THE MACRO-SCHEDULE 

Technical milestones have been establ ished f o r  each o f  the research tasks 

i n  the R&D program. These milestones are used as targets  and provide a basis 

f o r  evaluat ing the accomplishments made t o  date. Annual reevaluat ion i s  

conducted t o  ensure t h a t  the milestones meet the l a t e s t  program object ives and 

consider current  budgetary constraints.  The milestones f o r  FY 1992 and the 

outyears FY 1993-1996 are shown i n  Table 3.  

ASSUMPTIONS 

Renewable energy technologies received a great deal o f  v i  s i  b i 1  i t y  and 

acceptance dur ing the NES process. As a resu l t ,  whi le  the Department continues 

t o  analyze and evaluate the many other energy options proposed, Secretary 

Watkins designated renewable energy f o r  " f a s t  t rack "  considerat ion among the 

pol  i c y  choices avai lable.  This action, combined w i t h  greater budgetary support, 

ind icates an enhanced emphasis on renewable energy programs. More recent 
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Table 3 

GEOTHERMAL PROGRAM MANAGMENT MILESTONES 
FY 1992 - FY 1996 

------ FY 1992------ 
MILESTONE 

HYDROTHERMAL SYSTEMS 

Reservoir Technology 

Conduct joint, cost-shared 
testing of new, innovative 
expl oration methods. 

Include geochemistry in 
current reservoir simulation 
programs to better predict 

Field test second generation 
of chemical tracers for 
determining flow path in 
geothermal reservoirs 

Develop integrated, 
comprehensive geologic model 
of geothermal fields . 
Demonstrate full -field 
reservoir strategy for 
location and flow rate 
control o f  injection wells. 

* reservoir lifetime. 

1 2 3 - 

e 

4 

0 

FY 1993 

8 

FY 1994 FY 1995 FY 1996 



Tab1 e 

GEOTHERMAL PROGRAM HANAGEMENT MILESTONES 
FY 1992 - FY 1996 

MILESTONE 

Hard Rock Penetration 

Conduct field test of 
velocity-level flow 
transducer. 

Initiate collection of cost 
data for conventional 
exploration. 

downhole injector and SEA- 
MIST hardware. 

Complete identification of 
needs for high - temperature 
slimhole drilling fluids. 

G, Initiate development of 

Initiate field test of 
drillable straddle packer. 

Initiate field test o f  high- 
temperature lost circulation 
materi a1 s . 

1 2 

e 

e 

3 - 

0 

e 

4 FY 1993 FY 1994 FY 1995 FY 1996 



Table 3 

GEOTHERHAL PROGRAM MANAGEMENT HI LESTONES 
-?* 

FY 1992 - FY 1996 

MILESTONE 

Hard Rock Penetration 
(Continued) 

Initiate development of 
borehole instruments with 
industry. 

Conduct field test of high- 
temperature positive 
displacement motor. 

Complete development o f  
porous packer . 
Initiate field test to 
compare production in 1 arge 
and small we1 1 bores. 

Build PDC coring bits and 
initiate testing. 

Initiate design of drilling 
hardware for cost effective 
empl acement of vertical heat 
exchangers for geothermal - 
based heat pumps. 

1 - 2 - 4 FY 1993 FY 1994 FY 1995 FY 1996 



Table 3 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

-c---- FY 1992------ 
MILESTONE 1 

Hard Rock Penetrat ion 
(Cont i nued) 

I n i t i a t e  f i e l d  t e s t  o f  
modul a r  e l  ec t ron i  c t o o l  s i n  
geot hermal we1 1 s . 

downhole in jec to r ,  small- 
scale laboratory  studies o f  

we1 1 bore hydraul i c model s . 
Ident  i fy needs7-and~ begin 
development o f  surface 
technology f o r  cor ing r i g s .  

Begin development o f  h igh- 
temperature d r i l l i n g  f l u i d s .  

I n i t i a t e  development o f  h igh- 
temperature core bar re l  s. 

, Complete development o f  

% cementit ious muds, and 

I n i t i a t e  fab r i ca t i on  o f  
d r i l l i n g  hardware f o r  heat 
pump i n s t a l  1 a t  ion. 

2 - 3 - 4 FY 1993 

e 

e 

e 

0 

0 

FY 1994 FY 1995 FY 1996 



Table 3 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

MILESTONE 

Hard Rock Penetration 
(Con t i nued ) 

Beg i n design of advanced 
coring system for geothermal 
expl oration. 

Ini t ia te  development of fiber 
optic cables for  high- 

G, temperature logging above 
00 300°C. 

Compl e te  1 arge- scat e 
1 aboratory tes t s  of * l  i I 

cementitious muds, 

Ini t ia te  development of 
expert systems for los t  
circulation control. 

Complete development of SEA- 
MIST hardware. 

Begin development o f  measure- 
wh i 1 e-cor i ng sys tern. 

1 - 2 - 3 - 4 FY 1993 FY 1994 FY 1995 FY 1996 

e 

e 

e 

e 



Table 3 

GEOTHERMAL PROGRAfl HANAGEMEM MILESTONES 
FY 1992 - FY 1996 

1 - HIhESTONE 

Hard Rock Penetration 
(Cant i nued) 

I n i t i a t e  development o f  h igh- 
temperature s l  imhole d r i l l i n g  
f l u i d s  and l o s t  c i r c u l a t i o n  
mater ia ls.  

I n i t i a t e  f i e l d  t e s t  o f  
cement i t i ous muds, expert  

G, systems f o r  l o s t  c i r c u l a t i o n  
contro l ,  and SEA-MIST 
hardware, 

I n i t i a t e  adva 
concepts f o r  geothermal 
appl i c a t  i ons . 
Conversion Technology - Heat 
Cycle Research 

Complete i nves t i ga t i on  o f  
condensation behavior o f  
i sobutane i n  simulated 
supersaturated tu rb ine  
expansions. 

i 

0 

2 3 - 4 FY 1993 FY 1994 

e 

FY 1995 

0 

FY 1996 

a '  
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GEOTHERMAL PROGRAM MANAGEMENT fl1 LESTON ES 
FY 1992 - 'FY 1996 



Tab1 e 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

MILESTONE 

Convers i on Techno1 ogy - Heat 
Cycl e Research (Continued) 

Complete inves t iga t ions  o f  
advanced heat r e j e c t i o n  
systems. 

Close out operation o f  HCRF. 

S o l i c i t  i n d u s t r i a l  i n t e r e s t  
i n  cost-shared development o f  
modul a r  b inary p l  ant which 
incorporates improved b inary  
cyc le  design.- 

c. * 

Conversion Technol ogy - 
Mater i a1 s Development 

Complete downhole t e s t i n g  o f  
C0,-res i s t  ant cement samples . 
Complete techno1 ogy t rans fe r  
o f  d r i l l  p ipe protectors.  

Complete cementing a c t i v i t i e s  
i n  demonstration wel l .  

2 - 4 FY 1993 FY 1994 FY 1995 FY 1996 



Table 3 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

HILESTONE 

Convers i on Techno1 ogy - 
Materi a1 s Development 
(Continued) 

Complete development of 
chemical coup1 ing system. 

Technical feasibility of 
cementitious muds establ is.recr 

Complete development of 
elastomeric liners for well 

Initiate techno1 ogy transfer 
of high- temperature cements 
to industry. 

Compl ete development o f  
advanced elastomers . 
Compl ete pi 1 ot - scat e f1 ow 
tests of cementitious muds. 

R) Q in laboratory tests. 

__l_____l_ casing, 

2 - 3 4  FY 1993 FY 1994 

a 

e 

0 

0 

FY 1995 FY 1996 



Table 3 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

MILESTONE 

Conversi on Techno1 ogy - 
Materi a1 s Development 
(Cont i nued) 

Compl ete field demonstration 
o f  el astomeric 1 iners. 

Complete technical 
feasi bil i ty study for 
placement o f  ceramic liners. 1*, * 
Complete technology transfer 
of Moineau stators and blow- 
out preventors. 

Complete well demonstration 
of cement i ti ous muds and 
transfer technology t o  
i ndustry . 
Complete downhole testing o f  
prototype cerami c-1 i ned 
sections. 

Conduct field demonstration 
of ceramic-lined casing. 

2 - 3 - 4 FY 1993 FY 1994 

e 

e 

FY 1995 

e 

a 

e 

a 

FY 1996 



Table 3 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

FY 1992- ----- ------ 
HILESTONE 

Convers i on Techno1 ogy - Brine 
Chemistry 

Initiate materials study for 
bioreactor design. 

Initiate testing and 
appl ication of brine model to 
f i el d probl ems. 

Initiate preparation of 
document on hi g h - t emperat ure 
pH-bioprocessors for peer 
review. 

Issue report on brine . 
kinetics. 

Initiate study of mineral 
recovery from geothermal 
residual waste. 

Complete preliminary model o f  
H,S-H,O solubility in brines. 

Initiate construction of 
upscal e bi oreactor. 

P 
P 

1 - 

a 

0 

2 - 

a 

3 - 

0 

4 FY 1993 

0 

FY 1994 FY 1995 FY 1996 



Table 3 

GEOTHERMAL PROGRAM MANAGEMEN MILESTONES 
FY 1992 - FY 1996 

FY 1992- - - - - - ------ 
MILESTONE 1 

Conversion Technology - Brine 
Chemistry (Continued) 

Complete study of mineral 
recovery from geothermal 
residual waste. 

Complete testing and 
application of brine model to 
field problems. 

Complete update o f  brine 
model user's manual. 

Complete pre inary model of 
aluminum speciation as a 
function o f  pH. 

Complete construction o f  
upscal e bi oreactor. 

Initiate process 
development/pilot plant 
design using best laboratory 
results. 

P 
ul 

2 3 - 4 FY 1993 

e 

0 

e 

a, 

FY 1994 Fy 1995 

0 

e (  

FY 1996 



Table 3 

GEOTHERMAL' PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

MILESTONE 

Convers i on Techno1 ogy - B r  i ne 
Chemistry (Continued) 

Complete process 
devel opment/pi 1 o t  p lan t  
design. 

I n i t i a t e  t h i r d  economic 
study. 

QI Complete pre l iminary model o f  
b i s u l f a t e  species i n  high- 
temperature program. 

I n i t i a t e  1 i tera ture  search 
f o r  metal s u l f i d e  data. 

I n i t i a t e  comparative br ine  
k i n e t i c  studies and 
modi f i c a t  ions. 

P 

Complete i d e n t i f i c a t i o n  o f  
best candidates f o r  f u r the r  
b i  oreactor scale-up. 

1 - 2 - 3 - 4 FY 1993 FY 1994 

c) 

e I 

e 

FY 1995 FY 1996 

6) 

e 
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Table 3 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

2 3 4 

Long Val l e y  Experimental We1 1 

Note: Pending a decis ion on 
FY 1992 and outyear budgets, 
no plans can be made f o r  the  
Long Val 1 ey Experimental 
we l l .  

GEOPRESSURED RESEARCH 

I n i t i a t e  f a c i l i t y  design a t  
Hu l i n  we l l  s i t e .  

I n i t i a t e  pressure bui ldup 
t e s t  o f  P1 easant Bayou 
reservoi  r. 

Complete construct ion o f  
production f a c i l i t i e s  a t  
Hu l in  w e l l  s i t e .  

P 

Complete pressure bui ldup 
t e s t  o f  the  Pleasant Bayou 
reservo i r .  

N/A 

e 

e 

e 

e 

FY 1993 

N/A 

FY 1994 FY 1995 FY 1996 
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Table 3 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

ADVANCED SYSTEMS - HOT DRY 
ROCK - (Continued) 
Commence in-depth analysis o f  
LTFT data. 

Complete study o f  Phase I1 
reservoir fluid 
mineral itation. 

Demonstrate re1 iabi 1 i ty o f  
S temperature-sensi tive 

tracers. 

Begin eval uat i on o f  enhanced 
power production modes 
(mu1 ti -we1 1, cycl i c ) . 
Complete LTFT. 

Issue preliminary report on 
LTFT resul ts. 

Decommission Fenton Hi1 1 
site. 

2 - 

e 

3 - 4 

e 

e 

FY 1993 

e 

FY 1994 

a 
e 

a 

FY 1995 FY 1996 



Table 3 

GEOTHERMAL PROGRAM MANAGEMENT MILESTONES 
FY 1992 - FY 1996 

------ FY 1992------ 
MILESTONE 1 

ADVANCED SYSTEMS - HOT DRY 
ROCK - (Continued) 

Document economics o f  
enhanced production modes. 

I n i t i a t e  investigation o f  
zone is01 at ion and impedance 
reduction technology. . 
Issue f i n a l  reports on LTFT. 

Complete impedance reduction 
tec hnol ogy study. 

. 

2 - 3 - 4 FY 1993 FY 1994 FY 1995 FY 1996 



t h rea ts  t o  imported o i l  supplies appear t o  have f u r t h e r  s o l i d i f i e d  pub l i c  

support f o r  more expedit ious development o f  renewable energy technologies. 

A t  the current  stage i n  the planning process, three scenarios have been 

proposed f o r  the Geothermal Program (Table 4). The base case scenario e n t a i l s  

a c t i v i t i e s  t o  achieve the current  research object ives and assumes a 5-year 

budget o f  $113 m i l l i o n  and D iv i s ion  s t a f f  o f  11-12 f u l l - t i m e  equivalents (FTE) 

f o r  FY 1992-1996. To achieve these object ives sooner, a 5-year budget o f  $274 

m i l l i o n  i s  assumed. Under a more accelerated scenario i n  which advanced 

geothermal systems are developed, a 5-year budget o f  $474 m i l l i o n  and Geothermal 

D i v i s i o n  s t a f f  o f  12-14 FTE are assumed. # 

h 
, 

4 1  Table 4 & 
GEOTHERMAL R&D PROGRAM 
5-YEAR BUDGET SCENARIOS 

( i n  M i l l i o n s  o f  Dol lars)  
4 
Ir’ 

FY 1992 FY 1993 FY 1994 FY 1995 FY 1996 TOTAL 

Irl Base Case s 21 s 22 s 22 $ 23 S 25 S 113 

Case $ 49 S 70 S 105 s 119 S 131 $ 474 
Accelerated c 

u 
UNCERTAINTIES 

u Given the  r i s k s  and uncer ta in t ies o f  research, the object ives expressed 

i n  t h i s  Plan may be subject t o  change. I n  addit ion, the p o t e n t i a l  f o r  changes 

i n  po l  i c y  d i rec t i ves ,  indust ry  needs, new concepts f o r  technology improvement, -5u 

Irl 
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and funding l e v e l s  requires t h a t  the Geothermal D iv i s ion  maintain a degree o f  

f l e x i b i l i t y  i n  i t s  R&D approach. 

Another s ign i f i can t  source of uncertainty i n  the R&D planning process i s  

the p r o c l i v i t y  of congressional budget committees t o  respond t o  const i tuent  

pressure by mandating s p e c i f i c  R&D a c t i v i t i e s  t h a t  were not  included i n  the 

o r i g i n a l  budget request. I n  some cases, addi t ional  funds are appropriated t o  

support the add-on a c t i v i t i e s .  This course, i n  most cases, does not necessitate 

a major reorganizat ion o f  the plan f o r  the funding year. However, i n  other 

instances, the research i s  mandated, but no addi t ional  funding i s  provided. I n  

these cases, the program i s  l e f t  t o  "swallow" the added cost by deducting the 

d o l l a r s  from the budgets o f  planned a c t i v i t i e s .  This type o f  mandate can create 

havoc i n  the year-by-year R&D planning process, and g r e a t l y  reduces Geothermal 

D i v i s i o n  con t ro l  o f  it. 

MANAGEMENT DESIGN 

DOE Headquarters 

The Geothermal D iv i s ion  i s  responsible f o r  ove ra l l  program management and 

operates under the admin is t ra t ive oversight o f  the O f f i c e  o f  Renewable Energy 

Conversion under the O f f i c e  o f  the Deputy Assistant Secretary f o r  U t i l i t y  

Technologies. With the assistance o f  these o f f i ces ,  the Geothermal D iv i s ion  

D i rec to r  implements energy p o l i c y  a t  the program l e v e l  and a l locates the 

necessary technica l  and budgetary resources f o r  program a c t i v i t i e s .  

Operations Off ices 

Under the guidance and leadership of the Geothermal Div is ion,  f i e l d  

organizations implement program plans, execute prime contracts f o r  research, 

d i r e c t  contractors and review t h e i r  performance, and provide the Geothermal 

D i v i s i o n  wi th  recommendations on program needs and d i rec t i on .  
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Contractors 

Actual implementation of the geothermal program research is performed by 

contractors, including the national laboratories, universities, and industry. 

The participating contractors are responsible for the conduct and day-to-day 

management of the activities and are directly responsible for ultimately meeting 

the technical goals of the program. 

Substantial contractor investment in human, technological, and analytical 

resources, as well as for laboratory equipment and facilities, has been 

instrumental in establishing centers of excellence for geothermal research. 

These geothermal centers of excel 1 ence i ncl ude Sandi a National Laboratories , 
Lawrence Berkeley Laboratory, the University of Utah Research Institute, 

Stanford University, and Brookhaven National Laboratory. 

PRINCIPAL FEATURES FOR THE UPCOMING YEAR 

Hydrothermal Sys tems 

Reservoir Technolow - Development of integrated, comprehensive geologic 
models of geothermal fields will be continued to improve the effectiveness of 

energy recovery along with sophisticated well test, heat recovery, geochemical, 

and material/energy balance models for geothermal systems. Field testing and 

data analysis will be continued in a multiyear effort to verify the use of 

tracer techniques to track the migration of injected fluids. Rock-water 

interaction studies will be completed and validated. Improvements will continue 

to be sought in the analytical techniques for interpreting heat transfer, fluid 

transport, and chemical interaction data sets from active geothermal systems. 

Development of surface and borehole techniques to locate fracture zones and 

permeable formations in geothermal reservoirs and refinement of geophysical 

equipment and methods of interpretation will continue. Depending on funding, 
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a new i n i t i a t i v e  w i l l  be undertaken t o  cost-share development and t e s t i n g  o f  

i nnovat i ve methods f o r  advanced geothermal expl orat ion.  The GTO and DOE w i  11 

continue cooperat ively funded research re1 ated t o  geothermal reservo i rs  and 

rese rvo i r  devel opment . 
Hard Rock Penetrat ion - I n  i t s  ongoing e f f o r t s  t o  extend the economics and 

ef f ic iency o f  d r i l l i n g  technology cu r ren t l y  used i n  the geothermal industry,  the 

FY 1992 a c t i v i t i e s  o f  t h i s  task w i l l  focus l a r g e l y  on so lut ions t o  the problems 

created by the l oss  o f  d r i l l i n g  f l u i d  from the system. Episodes o f  t h i s  

occurrence are frequent i n  f ractured reservo i rs  and represent the 1 argest s ing le 

cost  i n  geothermal d r i l l i n g .  I n  addi t ion t o  cont inuing research i n  and t e s t i n g  

o f  l o s t  c i r c u l a t i o n  mater ia ls,  FY 1992 a c t i v i t i e s  w i l l  inc lude f i e l d  t e s t s  o f :  

0 A d r i l l a b l e  s t raddle packer, a t o o l  t h a t  employs two i n f l a t a b l e  

packer elements t h a t  s t raddle the l o s t  c i r c u l a t i o n  zone and d i v e r t s  

cement i n t o  the zone, ra the r  than al lowing i t  t o  f a l l  t o  the bottom 

o f  the hole. I f  t e s t s  are successful, t h i s  t o o l  would reduce both 

the  volume o f  cement t h a t  must be pumped downhole and the volume o f  

hardened cement t h a t  must be d r i l l e d  through t o  reach a new rock 

formation. 

A v e l o c i t y  l e v e l  f l ow  transducer f o r  measuring d r i l l i n g  f l u i d  f low 

ra tes  i n  the f i e l d .  In t h i s  concept, the out f low r a t e  would be 

measured by detect ing both the f l u i d  l e v e l  and the v e l o c i t y  i n  the 

i n c l i n e d  r e t u r n  l i n e  and combining the data t o  i nd i ca te  f l ow  rates. 

I n  addi t ion,  development o f  a porous packer w i l l  be completed. This t o o l  

i s  a wirel ine-deployed packer un i t  t h a t  i n f l a t e s  t o  seal the l oss  zone i n  order 

t o  prevent wellbore f l u i d  from enter ing the zone. 

0 
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Two new a c t i v i t i e s  w i l l  be i n i t i a t e d  - -  development o f  a downhole i n j e c t o r  

f o r  l o s t  c i r c u l a t i o n  mater ia ls  and the SEA-Membrane Instrumentation and Sampling 

Technique (SEA-MIST) hardware. The downhole i n j e c t o r  concept i s  a po ten t i a l  

a l t e r n a t i v e  technique f o r  emplacing cementit ious mud downhole, a mater ia l  t h a t  

appears promising f o r  l o s t  c i r c u l a t i o n  contro l ,  but  which i s  s t i l l  under study. 

The p r a c t i c a b i l i t y  o f  the i n j e c t o r  concept w i l l  depend on the type o f  tubing o r  

hose requi red and i t s  cost. 

The SEA-MIST concept, patented f o r  other appl icat ions, would use a f a b r i c  

tube t h a t  i s  inver ted by i n t e r n a l  pressure dur ing emplacement t o  e l iminate the 

need f o r  s l i d i n g  contact between the f a b r i c  and wellbore wal l .  The tube would 

be f i t t e d  w i t h  transducers f o r  loss zone diagnostics and/or f i l l e d  w i t h  s e t t i n g  

f l u i d  f o r  l o s t  c i r c u l a t i o n  contro l .  

i 

u 
1 1  

cu Conversion - FY 1992 w i l l  see the completion o f  several long-term tasks 

o f  the Heat Cycle p ro jec t .  The resources avai lable, p r i m a r i l y  the Heat Cycle 

Research F a c i l i t y  and access t o  the Heat Transfer Research, Inc. (HTRI) "s ta te-  

t of-the-technology" heat exchanger codes, w i l l  be used t o  complete the Val i d a t i o n  
bd 

o f  the assumptions/cri teria necessary t o  achieve the projected 20 percent 

improvement i n  b inary cyc le  performance. These performance improvements are 

pro jected t o  reduce the cost o f  power by 10 percent t o  12 percent. The Heat 

Cycle Research F a c i l i t y  w i l l  a lso be u t i l i z e d  i n  the i nves t i ga t i on  o f  the 

condensation behavior o f  the supersaturated tu rb ine  expansions. I f  i t  can be u 
demonstrated t h a t  when these expansions are used, condensate droplets  do not  

form as the working f l u i d  i s  expanded through the two-phase region, and there 

i s  minimal impact on tu rb ine  performance, an addi t ional  8 percent t o  10 percent 

performance i ovement can be real ized. This w i l l  correspond t o  an addi t ional  

3 percent t o  ercent reduct ion i n  the cost  o f  power. 

i 
id 

I 
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In materi a1 s development , techno1 ogy transfer wi 1 1  be compl eted on C0,- 

resistant lightweight cements with the cementing of a demonstration well as a 

cost-shared effort with industry. R&D efforts on advanced high-temperature 

elastomers for use in downhole drill motors, high temperature chemical coupling 

systems, and the mitigation of corrosion at The Geysers will be continued. Work 

will commence on the u-situ conversion of drilling muds into well cements and 

metallic or ceramic liners for well casing. In-situ conversion would simplify 

well completion procedures and extend well life; the metallic or ceramic liners 

would provide a lower cost alternative to high alloy steels currently in use to 

ameliorate the affects of corrosion. 

The high-temperature elastomer development is a1 so a cost-shared activity, 

and contingent on FY 1991 research results, a full-scale Moineau stator 

incorporating this material will be fabricated and laboratory tested. The most 

promising chemical coup1 ing system for hand1 ing advanced elastomers to metals 

will be identified, and a cost-shared program with tool manufacturers (e.g., 

rotating head seals) will be arranged to build and field test full-size units. 

The advanced brine chemistry activities for FY 1992 are divided into two 

categories: chemical models for optimizing geothermal power production and 

waste treatment biotechnology. In the former effort, computer models are being 

constructed which can evaluate the energy contents and the 1 i kel i hood of scale 

formation of geothermal brines with their associated gas phases under a wide 

variety of operating conditions (e.g., species, temperatures, pressure). The 

present model has a temperature range o f  0"-250°C and can predict calcium 

carbonate, calcium sulfate, and amorphous silica scale formation as a function 

of brine composition and partial pressure of CO,. It can also predict the 

presence o f  other less common scales, such as sodium chloride, FY 1992 
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activities will be directed toward including new experimental data, such as 

aluminum and bisulfates, in the model to improve its capability to predict the 

scaling tendency of geothermal brines. 

Some geothermal brines - -  most notably those of the Salton Sea area in 
California -- contain naturally-occurring metals which in sufficient 

concentration are considered toxic and, under some conditions, may be regulated 

as hazardous wastes. Since the volumes of wastes are large and the metal 

content so relatively low, the use of conventional metal removal systems to 

reduce the toxicity would be prohibitively costly. Thus, while the technical 

feasibility of biochemical processes to reduce the metal content has been 

demonstrated, work aimed at optimization and scal ing-up of the detoxification 

processes continues. The major activity for FY 1992 is the design of a 

continuous process prototype for a commercial geothermal plant site, based on 

the results of bench-scale experiments. 

Geopressured Research 

After 15 years of geopressured R&D, this program element is in the initial 

stages of transitioning to the commercial uti1 ization of this undeveloped 

resource. Currently, three wells remain in the R&D effort. The Gladys McCall 

in Louisiana was shut-in in 1987, but is providing valuable information on 

pressure build-up to validate the McCall geopressured reservoir model. Flow 

tests of the Pleasant Bayou well are continuing subsequent to a 9-month test of 

a small hybrid power plant at the Pleasant Bayou well site in Texas. Both of 

wells were designed and drilled specifically for geopressured brine 

production. The deeper Hulin well in Louisiana, an abandoned natural gas well 

contributed to he DOE program by industry, has been cl'eaned out, short-term 

flow tested, and is available for longer term testing. 
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I n  FY 1992, a pressure bui ld-up t e s t  o f  the Pleasant Bayou w i l l  begin, and 

the data gathered w i l l  be used t o  conf i rm postulated rese rvo i r  d r i v e  mechanisms 

and t o  v a l i d a t e  the  rese rvo i r  model. The Hu l i n  wel l  production f a c i l i t i e s  w i l l  

be constructed i n  preparat ion f o r  the f low t e s t i n g  planned f o r  the fo l lowing 

year. The Geoscience and Engineering Support arm o f  the geopressured R&D, which 

was establ ished t o  evaluate wel l  operation data and t o  examine fac to rs  which 

a f f e c t  geopressured production, w i l l  analyze and repo r t  the data gathered a t  

both the Pleasant Bayou and Hu l i n  wells. Environmental monitoring a t  the s i t e s  

w i l l  continue t o  determine any e f f e c t s  r e l a t e d  t o  subsidence, microseismicity, 

and water q u a l i t y  r e s u l t i n g  from the wel l  operations. This i s  an important 

a c t i v i t y  f o r  determining the accep tab i l i t y  o f  long-term b r ine  production and 

i n j e c t  i on. 

Recent data from the two design wel ls  and the informat ion t o  be developed 

i n  FY 1992 w i l l  make i t  possible t o  complete the development o f  the McCall and 

P1 easant Bayou rese rvo i r  performance model s . Thi s should f a c i  1 i t a t e  a more 

q u a n t i t a t i v e  and accurate ext rapolat ion o f  the t e s t  data t o  other reservo i rs  i n  

the Gu l f  Coast area, thereby f o s t e r i n g  r e a l  i s t i c  near-term resource u t i 1  i z a t i o n  

pro ject ions.  

Advanced Systems 

Hot Drv Rock - The major remaining a c t i v i t y  o f  the hot d ry  rock p ro jec t  

a t  the Fenton H i l l ,  New Mexico, Phase I1 rese rvo i r  i s  the Long-Term Flow Test. 

Present plans are t o  begin the Long-Term Flow Test (LTFT) i n  FY 1992 providing 

adequate funding i s  avai lable.  The LTFT w i l l  be used t o  evaluate rese rvo i r  

1 i fe t ime,  f l o w  impedance, water consumption rates, production f l u i d  

temperatures, and energy production on an extended basi s. Long-term operational 

and maintenance condi t ions w i l l  be established, environmental e f f e c t s  w i l l  be 
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thoroughly assessed, and p r e d i c t i v e  models w i l l  be tested, adjusted and 

confirmed. Reactive t race rs  w i l l  be used t o  p r e d i c t  the u l t ima te  useful 

l i f e t i m e  o f  the rese rvo i r  on the basis o f  one t o  two years worth o f  data. 

Upon completion o f  the LTFT, much o f  the data needed t o  va l i da te  the 

commercial v i a b i l i t y  o f  HDR should be i n  hand. Analysis and understanding o f  

t h i s  informat ion w i l l  provide the basis f o r  f u tu re  decisions regarding the 

e x p l o i t a t i o n  o f  HDR resources a t  other locat ions throughout the world. 

Mama - Due t o  funding constraints,  research and development a c t i v i t i e s  

have been deferred on magma resources. The Long Valley, C a l i f o r n i a  wel l ,  which 

was o r i g i n a l l y  designed t o  invest igate the engineering and economic f e a s i b i l i t y  

of u t i l i z i n g  molten o r  p a r t i a l l y  molten magma, w i l l  be devoted t o  basic science 

experiments and the  evaluat ion o f  deep hydrothermal resources ( i f  funded). 
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APPENDIX A: PLANS FOR CONSOLIDATION OF RESEARCH ACTIVITIES 

I n  accordance with guidance issued by the O f f i c e  o f  the Assistant 

Secretary f o r  Conservation and Renewable Energy, the Geothermal D iv i s ion  i s  

consol idat ing i t s  various research a c t i v i t i e s  under the management o f  one o f  the 

designated core National Laboratories. The impetus f o r  t h i s  act ion i s  t o  

improve the cost-effect iveness, management control ,  and administrat ion o f  

appropriated research funds. By reducing overhead costs and minimizing the 

dup l i ca t i on  o f  resource expenditures f o r  f a c i l i t i e s  and i n f r a s t r u c t u r e  a t  

l abo ra to r ies  and Operations Off ices,  i t  i s  ant ic ipated t h a t  more s i g n i f i c a n t  

research r e s u l t s  can be accomplished w i t h  the same funding. I n  addi t ion,  w i t h  

research funds d i rec ted  t o  a core group o f  research f a c i l i t i e s ,  the r e s u l t i n g  

accumulation o f  human, technological,  and ana ly t i ca l  resources w i l l  provide the 

basis f o r  the development o f  centers o f  excellence and p o s i t i o n  the research 

program t o  support the increase i n  growth expected dur ing t h i s  and upcoming 

years. 

The streamlining process, which i s  scheduled t o  get  underway dur ing FY 

1991, w i l l  be accomplished over a per iod o f  12 t o  18 months. It i s  recognized 

t h a t  the t r a n s i t i o n  from the use o f  numerous research organizations t o  the use 

of core l abo ra to r ies  w i l l  proceed a t  varying ra tes  due t o  the impact t h a t  

program consol i d a t i o n  w i l l  have on current  and near-term p r o j e c t  completion and 

the uniqueness o f  the s p e c i f i c  program o f f i ces .  Based on an assessment o f  such 

fac to rs  as the corporate mission o f  each organizat ion c u r r e n t l y  being u t i l i z e d  

f o r  geothermal research a c t i v i t i e s ,  i t s  c a p a b i l i t i e s  w i t h  respect t o  the mid- 

to- long term research needs o f  the Geothermal Div is ion,  the investments t h a t  

have been made i n  f a c i l i t i e s ,  in f rast ructure,  and equipment i n  support o f  the 

research a c t i v i t i e s ,  and the development and maintenance o f  s i g n i f i c a n t  human 
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and physical  resources, the Geothermal D iv i s ion  w i l l  u t i 1  i z e  Sandia National 

Laboratories as the  primary core laboratory  responsible f o r  managing i t s  f u tu re  

research a c t i v i t i e s .  

The Geothermal D iv i s ion  intends t o  accomplish the  object ives o f  the 

consol idat ion s t ra tegy before the end o f  FY 1993. The geothermal research being 

conducted a t  Lawrence Livermore National Laboratory and Oak Ridge National 

Laboratory w i l l  be essen t ia l l y  completed i n  FY 1992. During FY 1992, the 

management o f  mater ia ls  research and biotechnology a c t i v i t i e s  being conducted 

by researchers a t  Brookhaven National Laboratory w i l l  be t rans fer red  t o  Sandia 

Nat ional  Laboratories, as w i l l  the geological and geophysical studies being 

conducted by the  Lawrence Berkeley Laboratory. The geothermal a c t i v i t i e s  

cu r ren t l y  being pursued by Los Alamos National Laboratory, predominantly hot  dry  

rock research, and the various e f f o r t s  i n  geopressured-geothermal energy, 

rese rvo i r  technology, and heat cyc le  research being conducted a t  Idaho National 

Engineering Laboratory w i l l  be in tegrated w i th  the other geothermal a c t i v i t i e s  

a t  Sandia dur ing FY 1993. By the end o f  FY 1993, the t r a n s i t i o n  t o  the core 

Nat ional  Laboratory s t ra tegy should be completed and the  benef i t s  o f  the 

stream1 i n i n g  approach should be achieved. 
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