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PREFACE 

Most exper t s  agree t h a t  development o f  geothermal eneryy i n  Hawaii i s  
l e s s  a t e c h n i c a l  ana economic ques t i on  than d s o c i a l  one. I n  p a r t ,  t h i s  
i s  because o f  a geographic and c u l t u r a l  environrrient which inakes the  
s t a t e  more s e n s i t i v e  t o  techno log ica l  change than t h e  mainland u n i  t e n  
Sta tes .  The impact o f  geothermal developrnent w i l l  be more q u i c k l y  
exper ienced th roughout  t h e  i s 1  ands because o f  t h e  s m a l l e r  econoniy, t h e  
l i m i t e d  l a n d  area, t h e  complex c u l t u r a l  s e t t i n g ,  ana t h e  need t o  c r e a t e  
new i n s t i t u t i o n s  w i t h  which t o  manaye t h e  development process. 

An i n c r e a s i n g  number o f  developers, p r i v a t e  c i t i z e n s ,  eng ineer ing  and 
p l  anni  ny consu l tan ts ,  and yovernment o f f i c i  a1 s are now beconii ny i nvol  ved 
i n  v a r i o u s  aspects o f  geothermal development. t a c h  t ime a new person 
becomes i nvolvea, bas i c  ques t ions  about geothermal eneryy ana i t s  poten- 
t i a l  uses must be answered b e f o r e  t h e  person i s  ab le  t o  make an i n t e l l i -  
gent c o n t r i b u t i o n  t o  t h e  decision-niaki ng process. A t  present,  such 
i nforn iat ion i s  a v a i l a b l e  o n l y  th rough t e c h n i c a l  r e p o r t s  anu occasional  
newspaper and magazine a r t i c l e s .  

T h i s  document i s  in tended t o  p rov ide  an overview o f  geothernial develop- 
ment t o  p o t e n t i a l  c o n t r i b u t o r s  and p a r t i c i p a n t s  i n  t h e  process: develop- 
ers ,  t h e  f i n a n c i a l  community, consu l tan ts ,  yovernment o f f i c i a l s ,  and t h e  
people o f  Hawaii. The goal o f  t h e  d o c u m e n t ~ i s  t o  desc r ibe  t h e  issues ,  
programs, and i n i t i a t i v e s  t h a t  have been examined t o  da te  and, t o  show 
t h a t  geothermal energy i s  a r e a l i s t i c  o p t i o n  i n  Hawa i i ' s  f u t u r e .  
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1, ENERGY AND HAWAII _ -  
' 8  3 ; r  

Hawaii i s  makin 
resources. A t  s a lmost t o t a l l y  (dependant on imports 
o f  crude o i l  an and so i s  vu lne rab le  t o  d i s r u p t i o n s  
and p r i c e  f l u c t u a t i o n s  i n  the  g loba l  energy market. I n  1980, annual 
energy impor ts  represented  an o u t f l o w  o f  about $1 b i l l i o n  f rom the  
s t a t e  ' s economy. 

Because of  Hawaii !s- r e c e n t  v o l c a n i c  o i n  and geogFaphy, ' t h e ' s t a t e  has 
no indigenous f o s s i l  1 f u e l  reserves an s i s o l a t e d  fr m systems such as 
coa l  and natura-l gas.,,(:Fortunate 
resources whic are. becomingJava a b l e  under new and mproved techno1 o- 
gies. These resources i n c l u d e  geothermal, so la r ,  wind, and ocean thermal 
g rad ien ts .  

i'on, f rom foss  1 t o  renewable energy 

, Hawai i .- i s r i  ch  , t i  n renewable enerijy 
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FIGURE 1: STATE OF HAWAII OIL IMPORTS 
Source Adapted from Energy Research Associates, 'Study for the Development of a 
Petroleum Energy Data Collection and Reporting System for the Stateof Hawaii." prepared for 
the Department of Planning and Economic Development, August 1979 

Hawaii c u r r e n t l y  o b t a i n s  about  92 percent o f  i t s  energy supply from 
imported petroleum. Figure 1 depicts the flow of o i l  imports i n t o  the 
s t a t e .  

,Oman, Indonesia ,  Malaysia,  and Alaska. Refined petroleum products  come 
from C a l i f o r n i a ,  the Carr ibbean,  and Singapore. The remainder i s  sup-  
p l i e d  by indigenous energy r e sources  - bagasse from sugar  mills ( 7 % )  and 
hydroel ec t r  i c i  t y  ( 1% 1. 

Crude o i l  cis sh ipped  t o  refineries on Oahu from Saudi Arabia ,  

6 
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FIGURE 2: COUNTY ENERGY CONSUMPTION 
Source Adapted from Lawrence Berkeley Laboratory 'and Department of Planning and 
Economic Development The Hawaii Integrated Energy-Assessment Project 1980 

Energy consumption has i nc reased- f rom 78, .1 i o n  Btus i n  19.63 t o  
203,940 b i l l i o n  Btus in.1977. . Over 82% o ta te !  s. 'energy i s  con- 
sumed i n  t h e  C i t y  and County ,of HonoluJu, t h e  . s t a t e ' s  POPUl a t i o n  
and t o u r i s t  a c t i v i t i e s  a r e  concentkate'd. 
sumed i n  Hawaii County, 7.0% i n  Maui County ( i s l a n d s  o f  Maui,, Molokai, 
and Lana i ) ,  and 3.3% i n  Kauai County. A comparison o f  energy consump- 
t i o n  i n  t h e  va r ious  coun t ies  i s  sh'own i n  F igu re  2. 

O f  t h e  remainder, 7.4% i s  con- 
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FIGURE 3: ELECTRICITY COSTS 
(Average Costs per Kilowatt Hour for ail Islands) 
Source Department of Planning and Economic Development State of Hawaii Data Book 
1979 

About 20% t o  25% of t he  S t a t e ' s  impor ted f u e l s  a r e  used f o r  e l e c t r i c i t y  
generat ion.  S ince 1974, t h e  c o s t  of e l e c t r i c i t y  genera t ion  has t reb led .  
See F igu re  3. Many a u t h o r i t i e s  b e l i e v e  t h a t  t h e  p r i c e  o f  o i l  ( i n  1980 
d o l l a r s )  may be $50 p e r  b a r r e l  i n  1985 and above $80 i n  1990. Hawai i  
would have s e r i o u s  problems w i t h  such p r i ces ,  even w i t h  a guaranteed 
supply  o f  o i l .  

S t a t e  e f f o r t s  t o  decrease dependence on impor ted f u e l s  have focused on 
t h e  development of  ind igenous energy sources f o r  e l  e c t r i  c i  ty genera t i  on , 
and on t h e  conserva t ion  o f  l i q u i d  f u e l s  i n  t h e  t r a n s p o r t a t i o n  sec to r .  
The promise o f  ind igenous energy sources was descr ibed by U n i v e r s i t y  o f  
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Hawai i  researchers i n  a .1974 r e p o r t  t o  t h e  Leg isTature  
f rom t h e  U.S. Department o f  Energy,, t h e ' S t & t e  has'assu 
r o l e  i n  t h e  develbpm-ent o f  a4 ternate""e j  y'teehnologie,sI Along w i t h  
t h e  S t a t e ' s  economic cons ide ra t i ons  f o r  
g ies,  Hawaii  p resents  a unique o p p o r t u n i t y  develop techno lo-  
g i e s  o f  p o t e n t i a l  importance f o r  t h e  e n t i r e  coun t ry .  J 

A s t r a t e g y  f o r  t h e  v.el opment o f  renewable energy 
descr ibed i n  t h e -  e .Eneray P l a n  prepared,Eby t h  
n i n g  and Economic ell opment (DPE Whi le energ 
t h e  coun t ies  o f ,Hawa i i ,  Kauai, and*Mauj:is 
t h e  nex t  decade;,.-statewide independence is,tpossi+b:l 
energy foc.can <b,epp' Sahu from 1the::State': resources. 

energy techno lo-  

The p o t e n t i a l  c o n t r i b u t i o n  o f  a l l  a l t e r n a t e  energy techno log ies  t o  t h e  
S t a t e ' s  energy s e l f - s u f f i c i e n c y  i s  be ing  eva lua ted  i n  t h e  Hawaii  
I n t e g r a t e d  Energy Assessment P r o j e c t .  A l t e r n a t i v e  m i x e s . o f  indigenous 
and impor ted  energy f o r  t h e  nex t  t w e n t y - f i v e  yea rs  a re  be ing  examined t o  
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FIGURE 1.4: ,COMPARISON OF ALTERNATE ENERGY 
SOURCES 
Source Lawrence Berkeley Laboratory and Department of Planning and Economic 
Development The Hawaii Integrated Energy Assessment Project 1980 

identify the constraints on and opportunities for the i r  use. 
d i rec t  e f fec ts  on the economy, including labor and materials 
requirements, and indirect  effects  on jobs and the s t a t e  economy are 
being reviewed to define the range of conditions over which each techno- 
logy would become competitive. The transit ion t o  a statewide integrated 
energy system would.require several decades and could cost up t o  $10 
b i l l  ion.  

Preliminary resul ts  indicate that over the next 25 years a11 renewable 
techno1 ogies w i  11 compete favorably w i t h  oi 1. A compari son of a1 terna- 
t ive  energy resources i s  presented i n  Figure 4. Wind, 'geothermal, coal , 
and ocean thermal energy conversion (OTEC) systems will become feasi bl e 
over the coming decade, w i t h  solar thermal and photovoltaics becoming 
competitive soon afterward. 

Both 

(I 
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2. WHAT IS GEOTHERMAL ENERGY? 

Geothermal energy i s  hea t  generated by n a t u r a l  processes w i t h i n  t h e  
ea r th .  T h i s  hea t  i s  a combinat ion o f  t he  energy re leased  by t h e  decay o f  
r a d i o a c t i v e  elements t rapped withi 'n t h e  e a r t h  and t h e  thermal energy 
re leased  when t h e  e a r t h  was formed. Heat a t  t h e  cen te r  o f  t h e  e a r t h  

u c t i o n  th rough s o l i d  rock,  
t e r ;  I f  we w e r e 3 0  d r i l l  
es encountere'd woul d gradu- 
C p e r  k i l o m e t e r  Of depth. 

TYPES OF GEOTHE 

t h e  n a t i  on ' s geothermal 
e e x t r a c t e d  from t h e  

e a r t h  and used economical ly a t  some reasonable f u t u r e  t ime  w i t h  c u r r e n t  
techno1 o g i c a l  improvements. Several types o f  geothermal systems have 
been i den ti f i ed. 
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' Hydrothermal resources a r e  t h e  most comon. Energy i n  these systems ( t o  
a depth o f  about 3 km) can be tapped by c u r r e n t  technology. 
mal convec t ion  system i s  c rea ted  when groundwater ad jacent  - t o  a magma 
chamber i s  heated and r i s e s  toward the  e a r t h ' s  sur face  as steam o r  h o t  
water. L i q u i  d-dominated hydrothermal systems a r e  known t o  e x i s t  i n  
severa l  p a r t s  o f  t h e  Un i ted  S ta tes  ( i n c l u d i n g  Hawai i )  as w e l l  as i n  New 
Zealand, Japan, and numerous o the r  c o u n t r i e s  ayound t h e  wor ld .  These 
r e s e r v o i r s  o f  warm (9OoC-15O0C)  t o  very h o t  0 1 5 0 ° C )  water  are1 o f t e n  
con f ined  by low p e r m e a b i l i t y  cap rock o r  by t h e  h y d r o s t a t i c  p ressure  o f  
o v e r l y i n g  l a y e r s  o f  c o o l e r  groundwater. Vapor-domi nated hydrothermal 
systems a re  l e s s  common. Geothermal f l u i d s  i n  these systems are  near l y  

A hydro the r -  
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FIGURE 6: POTENTIAL GEOTHERMAL RESOURCE AREAS 
Source D Thomas et al 
Survey Hawaii Institute of Geophvsics 1979 

Potential Geothermal Resources in Hawaii A Preliminary Reglorial 

l o n g e v i t y .  The l i f e t i m e  o f  a thermal system w i l l  depend on t h e  s i z e  o f  
the  c o o l i n g  magma body as w e l l  as the  r a t e  a t  which hea t  i s  removed. 

A p r e l  im ina ry  assessment o f  t h e  p o t e n t i a l  geothermal resource areas i n  
Hawaii i s  be ing  c a r r i e d  o u t  by t h e  Hawaii I n s t i t u t e  o f  t ieophysics w i t h  
suppor t  f rom t h e  s t a t e  l e g i s l a t u r e  and t h e  Department o f  Energy. I n i -  
t i a l  c o m p i l a t i o n  o f  e x i s t i n g  geophysical and geochemical da ta  was com- 
p l e t e d  i n  1978. About twenty areas were i d e n t i f i e d  as hav ing  s u f f i c i e n t  
geothermal p o t e n t i a l  t o  m e r i t  more i n t e n s i v e  f i e l d  i n v e s t i g a t i o n s .  &eo- 
chemical and geophysical surveys have been completed i n  some o f  t he  t a r -  
geted areas and a r e  c u r r e n t l y  underway i n  several  o thers .  The s i t e s  
w i t h  p o t e n t i a l  f o r  h i g h  (>150°C) and low (35-150°C) temperature 
resources a r e  dep ic ted  i n  F i g u r e  6. 
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3. HOW CAN GEOTHERMAL ENERGY BE 

' .  
USED? 

* 4;s 1 . *  '*,! 

i 

THE GEOTHERMAL *DE 

Geo t hermal energy 
reduce Hawaii ' s;depen 
devel opment i n  the:#we 
complete a geothe 
t i n g  stage. The> 
the  appl i c a t i  on sed ected, the .  temperature, and t h e  number o f  we1 1 s 
r e q u i r e d  t o  supply t h e  f a c i l i t y .  For  some a g r i c u l t u r a l  a p p l i c a t i o n s ,  
t h i s  can be as s h o r t  as t h r e e  t o  f o u r  years. 

o u t  n ine  yea rs  t o  
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CAPITAL REQUIREMENT 

Geothermal appl  i c a t i o n s  are  re1 a t i v e l y  c a p i t a l  - i n t e n s i v e  compared w i t h  
convent iona l  f o s s i l  fue l  power p lan ts .  However, t h i s  i s  o f f s e t  by smal- 
l e r  f u e l  costs .  The compet i t iveness o f  a geothermal system can be 
determined by c a l c u l a t i n g  the  p o t e n t i a l  savings o f  t h e  system over t h e  
expected l i f e t i m e  o f  t h e  p r o j e c t .  Annual savings can be es t imated by 
comparing annual o p e r a t i n g  cos ts  o f  a geothermal system w i t h  those o f  a 
system us ing  convent iona l  f ue l s .  A geothermal p r o j e c t  i s  economical ly  
p r e f e r a b l e  i f  the  p resen t  wor th o f  t he  geothermal p r o j e c t  (annual 
sav ings 'd iscounted  back t o  p resent  va lue)  i s  equal t o  o r  g rea te r  than 
the'  a d d i t i o n a l  c a p i t a l  investment  r e q u i r e d  f o r  t h e  p r o j e c t .  

I n  Hawaii, t he  c o s t  o f  d r i l l  i n g  a p roduc t i on  w e l l  i s  es t imated  t o  be 
about $1-1.5 m i l l i o n .  
a 25 MWe power p l a n t  may exceed $6 m i l l i o n .  
power p l a n t s ,  c o s t s  f o r  d i r e c t  a p p l i c a t i o n s  a re  g e n e r a l l y  l e s s  because 
fewer and shal lower  w e l l  s are  requi red.  

E x p l o r a t i o n  and f i e l d  development c o s t s  a lone f o r  
Compared wi th  e l e c t r i c  

Because developers cannot earn 
c 
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FIGURE 7: GEOTHERMAL DWELOPMENT PROCESS 
Source Atlapted ; fr'dm Jet, Propcilsion Laboratory' "The Analysis of Reauirements for 
Accelerating ithe Development of Geothermal Energy Resources Pasadena Cal tfornia 
1977 

. I  

a r e t u r n  on t h e i r  investment u n t i l  t h e  f i e l d  begins produc t ion ,  they  
must assess a t  t h e  o u t s e t  whether t h e  s i z e  o f  t h e  a n t i c i p a t e d  energy 
market j u s t i f i e s  the  c o s t s  o f  f i e l d  development. 

F i g u r e  7 shows t h e  r e l a t i o n s h i p  among d i f f e r e n t  a c t i v i t i e s  i n  t h e  geoth- 
ermal development process. 
pants  a r e  i d e n t i f i e d  i n  t h e  l ower  p o r t i o n  o f  t he  i l l u s t r a t i o n .  

Key m i les tones  f o r  p r i v a t e  s e c t o r  p a r t i c i -  
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16 
QUESTIONS ABOUT ELECTRIC RATES AND GEOTHERMAL ENERGY 

Will geothermal energy help t o  reduce e l e c t r i c  b i l l s ?  

Yes, i n  the  long r u n .  As the costs of foss i l  fue ls  continue t o  r i s e ,  
the cost  fo r  producing e l e c t r i c i t y  from geothermal sources would r i s e  
l e s s  rapidly. I n i t i a l  development and  equipment costs a r e  higher fo r  
geothermal e l e c t r i c  power plants than f o r  conventional diesel fuel 
power plants,  b u t  because the cost  of operating a geothermal plant i s  
low, e l e c t r i c i t y  ra tes  a re  more s tab le  over time. 

Why i s  e l e c t r i c i t y  cheaper on Oahu? 

The cost  of actually delivering e l e c t r i c i t y  t o  customers on Oahu i s  
cheaper than on the Island of Hawaii. 
t o  t h i s  a re :  

e 

The main fac tors  contributing 

There a re  more people per square mile on Oahu which allows a 
g rea te r  sharing of transmission f a c i l i t i e s ;  

eF There a re  l e s s  transmission l i n e  losses because customers a re  
closer t o  one another; and 

e Crude o i l  from overseas i s  shipped to  re f iner ies  on O a h u ,  then 
distributed to the  power plants d i rec t ly .  
fuel o i l  f o r  the  power plants must be shipped from the West 
Coast of the United S ta tes  o r  from O a h u .  

On the Big Island, 

GEOTHERMAL APPLICATIONS 

The c o s t s  i n c u r r e d  i n  t r a n s p o r t a t i o n  o f  geothermal f l u i d s  d i c t a t e  t h a t  a 
resource  be l o c a t e d  c l o s e  t o  a p o t e n t i a l  user.  Depending on t h e  tem- 
p e r a t u r e  and q u a n t i t y  o f  steam o r  h o t  water, geothermal resources may 
meet energy requirements f o r  e l e c t r i c i t y  genera t ion ,  d i r e c t  uses, o r  
both. 
r e s e r v o i r .  Appl i c a t i o n s  combining e l e c t r i c i t y  genera t i on  and d i r e c t  
hea t  uses would improve bo th  the  economics and t h e  u t i l i z a t i o n  e f f i -  
c i ency  o f  a resource. 

E l e c t r i c i t y  genera t ion  

The economics o f  p roduc t i on  and d i s t r i b u t i o n  w i l l  vary w i t h  each 

Produc t ion  o f  e l e c t r i c i t y  f o r  sa le  t o  t h e  p u b l i c  i s  r e g u l a t e d  by t h e  
Hawaii Pub1 i c  U t i l i t i e s  Commission. 
c i t y  i s  1 i m i t e d  on those i s l a n d s  w i t h  i d e n t i f i e d  geoth'ermal p o t e n t i a l .  
Each i s l a n d  i s  a separate market because e l e c t r i c i t y  produced on one 
i s l a n d  cannot p r e s e n t l y  be t r a n s m i t t e d  d i r e c t l y  t o  another. 

A t  present,  t h e  market f o r  e l e c t r i -  
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FIGURE '8-: W,lNDOWS FOR' 
POWER' 

' 

Source ,HawaqanElectr,c Company 1980 ,. 
,* . . "  

Figure 8 shows the potential market for geothermal e l ec t r i c i ty  for the 
service,,areas of the Hawaii Electr4c:-Company ?Honolulu County) and i t s  
subsidiaries,  Hawaji Electric L i g h t  Company (Hawaii County) and Maui 
Electric Company (Ma 

On -the B i g  Island, .the llwindowl' -for e l ec t r i c i ty  derived from al l  a1 te r -  
nate energy sources i s  about  25 MWe t h r o u g h  the year 1990. 
represents the total  projected market for new generation capacity based 
on the estimated growth i n  demand, combined w i t h  reduction of existing 
fuel o i l  generation capacity t o  a m i n i m u m  operating level. 

. -  \ *  i . 

This 

1 
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Adoption of a new fuel source by a u t i l i t y  will depend on how well the 
new energy source meets the overall requirements o f  i t s  production and 
transmission system. I n  Hawai i ,  base1 oad e l ec t r i c i ty  demand i s met by 
fuel o i l  power plants,  with intennediate and peak loads supplied by 
excess e l ec t r i c i ty  produced by sugar  mills  as p a r t  of the i r  milling 
operations. 
suited fo r  base and intermediate load e l ec t r i c i ty  requirements because 
production wells must be operated continuously. 

Electr ic i ty  generated from geothermal resources i s  best 

Generation of e l ec t r i c i ty  from geothemal resources can be accomplished 
in several ways depending upon the temperature a n d  the re1 at ive percen- 
tage of steam and  h o t  water. Four  common types of power plants include 
(1) those using dry steam, ( 2 )  single or multiple f l a s h  units u s i n g  
flashed steam, ( 3 )  binary plants us ing  a secondary working f lu id ,  and  
(4 )  p l a n t s  which involve a combination of flashed steam and binary tech”- 
nology. 
resources are used i n  conjunction w i t h  fossi l  fue ls ,  solar energy, or 
biomass fo r  e lec t r ica l  generation. 

A f i f t h  p l a n t  type i s  a hybrid power plant where geothermal 
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FIGURE 9: T POWER PLANT 
Source A d a p t e d  fro of Hawai i  HGP-A Project Bcil 

" 

A f l a s h e d  steam s js tem has?been se lec ted  forythe. HGP-A:well a t  t h e  
Kapoho r e s e r v o i  r on t h e $  Bi.g**'I s l  and 
f l a s h e d  from superheated water  b r o  
o f  the  p l  antj 'can o f t e n  be. i ncreased by :sequenti a 
s i v e l y  lower pressures . to  o b t a i n  the&:max.imurn amo 
g i ven  vol'ume o f  water. +.Once t h e  steam. is,.separated, 
i s  f e d  i n t o  turbines;.that drive;:the generators. 
condensate a r e  u s u a l l y  i n j e c t e d  back i n t o  t h e  r e s e r v o i r .  
i l l u s t r a t e s  t h e  geothermal power p l a n t  a t  t h e  HGP-A Generator P r o j e c t .  

These .power p l a n t s  r e l y  on. steam 
t 'bto*;the surface- -1 The e f f i c i e n c y  

l a s h i n g  a.t: p r o w s -  

The,,remaining water and 
F i g u r e  9 
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Direct Use Appl ications 

Direct use of geothermal energy can be more energy e f f i c i en t  than elec- 
t r i c i t y  production. A conversion efficiency o f  70 t o  90 percent i s  pos- 
s ib le  compared w i t h  an efficiency o f  5 t o  25 percent for  e l ec t r i c i ty  
generation. Resources w i t h  temperatures r a n g i n g  from 10°C t o  100°C have  
been used for  commercial and residential  h o t  water heating, space condi- 
t i o n i n g ,  industrial  processing, agriculture,  and  aquaculture. Potential 
d i rec t  a pl icat ions of geothermal heat are shown i n  Figure 10. 
below 60 C may be boosted by conventional boilers o r  by heat recovery sys- 
tems t o  meet the desired working temperatures of industrial  processes. 

Resources 1 

Direct heat applications usually require a shorter develtopment time and 
a smaller i n i t i a l  investment t h a n  developments for  e l ec t r i c i ty  genera- 
t ion.  
water well d r i l l i n g  equipment and technology. 

Drilling can be accomplished a t  lower costs us ing  conventional 

Given the present"1imited market for  e l ec t r i c i ty  on the B i g  Island, 
e l ec t r i c i ty  production and d i rec t  use appl ications may be combined t o  
optimize exploration and production. 
requirements of the existing market f o r  e lec t r ic i ty  o r  d i rec t  appl  ica- 
t ions,  i t  may be possible t o  expand the market by creating or at t ract ing 
energy-intensive applications, such as pumping water for  i r r igat ion or 
residenti'al consumption, chemical recovery and minerals processing 
(bauxite or manganese nodules). However, the feas ib i l i ty  of such propo- 
sals depends on a complex s e t  of factors including water rights, tran- 
sportation routes, and local acceptance of the ventures. 

Where the resource exceeds the 
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FIGURE I O :  DIRECT USE APPLICATIONS OF GEOTHERMAL 
STEAM 
Source Adapted from Goodman and Love Geothermal Energy Projects Pergamon Press 
1980 

Some communi t i e s  favor  direct  use appl ications because more d i rec t  bene- 
f i t s  ( jobs,  taxes, b u i l d i n g s )  are retained w i t h i n  the community. 
a d d i t i o n ,  i f  several process heat users are located near a geothermal 
resource, i t  i s  
successively lower heat requirements such t h a t  the waste heat from one 
operation can be used as a fuel for another (generally referred t o  a s  
cascading ) . 

I n  

possible to integrate a number of applications w i t h  

J 

J 
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E l  ec tr i c i  t y  Tran srni s s  i on t o  Nei ghbor I s l  ands 

The u t i l i t i e s  and the  s t a t e  a re  a l so  examining p o s s i b l e  development o f  
geothermal resources on t h e  B i g  I s l a n d  and Maui t o  supply baseload e lec-  
t r i c i t y  t o  t h e  e n t i r e  s ta te .  Th is  o p t i o n  w i l l  depend on the  c r e a t i o n  o f  
an e f f e c t i v e  t ransmiss ion  and d i s t r i b u t i o n  system t h a t  would a l l o w  d i s -  
t r i b u t i o n  o f  geothermal e l e c t r i c i t y  t o  l o a d  cen te rs  on Oahu. The es ta-  
b l i shment  o f  an i n t e r - i s l a n d  e l e c t r i c i t y  g r i d  by cab le  connect ion would 
a l s o  serve  t o  op t im ize  d i s t r i b u t i o n  o f  power .from a l l  a l t e r n a t e  energy 
resources. 
between Hawaii and Oahu i s  shown i n  F 

P resen t l y  avai  1 ab1 e undersea DC power 
among Maui Molokai  Lanai ,  and Oahu. 
cable technology i s  needed t o  develop 

A proposed r o u t e  f o r  the  n t e r - i s l a n d  submarine cabl  e 
gure 12. , .  

cab l  es would pe rm i t  connect i  on 
However, some advancement i n  

cables t h a t  can w i ths tand  depths 
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FIGURE 12: PROPOSED INTER-ISLAND SUBMARINE 
CABLE TRANSMITTING GEOTHERMAL POWER 
Source Parson Engineering (Hawall) Lawrence Berkeley Laboratoory Geothermal Energy 
Commercialization Project 1980 

o f  2000 meters t o  p e r m i t  i n t e r c o n n e c t i o n  of t h e  i s l a n d  o f  Hawaii w i t h  
Maui County and Oahu. A study of t h e  p resen t  and p o t e n t i a l  s t a t u s  o f  
undersea power cab les  and t h e i r  use i n  Hawaii i s  underway as p a r t  o f  t he  
s t a t e ' s  energy program. Th is  p r o j e c t  i n v o l v e s  design and t e s t i n g  o f  
cables which can be used i n  depths g r e a t e r  than 2000 meters and o f  a 
cab le  l a y i n g  ship. While l i n k a g e  o f  t h e  e l e c t r i c i t y  g r i d  on t h e  va r ious  
i s l a n d s  i s  n o t  probable u n t i l  1990, t h e  a v a i l a b i l i t y  o f  c a b l e  technology 
which pe rm i t s  e l e c t r i c i t y  t ransmiss ion  from t h e  i s l a n d  o f  Hawaii  t o  Oahu 
w i l l  expand t h e  importance of geothermal e x p l o r a t i o n  e f f o r t s  s i g n i f i -  
cant1 y. 

1 
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4. GEOTHERMAL PROJECTS IN HAWAII 
t 1 '* I , . %  

A number o f  t e c h n i c a l  , economi and environmental s t u d i e s  have been 
c a r r i e d  ou t  t o  assess t h e  po te  i a l  o f  t he  Kapoho r e s e r v o i r  (near Puna) 
on t h e  B i g  I s l a n d  and t o  -eva lua te  $he f e a s i b i l i t y ,  o f  a l t e r n a t i v e  geo- 
thermal appl i c a t i o n s .  Thei r f i n d i n g s ,  and I r e c  nda t ions  a r e  be ing  
reviewed by t h e  U.S. Department ot.Energy,(DO sta_te >and county agen- 
c ies ,  t h e  U n i v e r s i t y  o f  Hawaii ,-.and t h e  pr.ivat,e..sector. I n d i v i d u a l  s tu -  
d ies  a r e  descr ibed below. I "  

HGP-A WELLHEAD GENERATOR DEMONSTRATION PROJECT 

$ ,  

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  demonstrate t h e  p r o d u c t i o n  o f  e l e c -  
t r i c i t y  i n  an env i ronmen ta l l y  acceptable manner f rom an a c t i v e  r i f t  
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FIGURE 13: LAND USES IN THE PUNA DISTRICT 
Source County of liawaii - General Plan 1979 

zone. 
S t a t e  o f  Hawaii  ( rep resen ted  by t h e  Department o f  P lann ing  and Economic 
Development), t h e  County o f  Hawaii, and t h e  U n i v e r s i t y  o f  Hawaii (11awaii 
Geothermal ‘P ro jec t ) .  The p r o j e c t  i s  funded by t h e  U.S. Department o f  
Energy ( 8 4 % ) ,  w i t h  t h e  S t a t e  (15%) and County o f  Hawaii  (l%), and t h e  
Hawaii  E l e c t r i c  L i g h t  Company (HELCO) (.2%) c o n t r i b u t i n g  t h e  remainder. 

It i s  managed by t h e  HGP-A Development Group which i nc ludes  the  

The HGP-A w e l l  i s  l o c a t e d  on a l a v a  f l o w  from t h e  1955 e r u p t i o n  o f  
Halemaumau. Because o f  t h e  r i s k  o f  v o l c a n i c  e r u p t i o n  o c c u r r i n g  near o r  
a t  t h e  s i t e ,  t h e  p l a n t  i s  designed so t h a t  s p e c i f i c  p ieces  o f  equipment 6 
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w i l l  be e a s i l y  removable and t r a n s p o r t a b l e .  The we l lhead assembly i s  
a l s o  designed so t h a t  i t  can be p r o t e c t e d  from l a v a  f lows. 

The 3 MWe power p l a n t  w i l l  be operated remotely from HELCO's c o n t r o l  
room i n  H i l o .  I t  w i l l  use about 0.2 megawatts o f  t h e  generated e l e c t r i -  
c i t y  f o r  i t s  a u x i l i a r y  equipment. The remain ing  2.8 megawatts w i l l  be 
f e d  i n t o  t h e  HELCO t ransmiss ion  network t o  p r o v i d e  e l e c t r i c i t y  f o r  t h e  
r e s i d e n t s  th roughout  t h e  Puna D i s t r i c t .  

A concer ted  e f f o r t  has been made t o  p rov ide  necessary abatement c o n t r o l s  
t o  l i m i t  a i r ,  water, and no ise  p o l l u t i o n .  The a r c h i t e c t u r e  and 
landscap ing  a t  t h e  f a c i l i t y  a r e  designed t o  be compat ib le  w i t h  t h e  
n a t u r a l  surroundings o f  t h e  s i t e .  The l o c a t i o n  o f  t h e  wel lhead genera- 
t i n g  f a c i l i t y  i n  Puna and t h e  l a n d  uses i n  t h e  sur round ing  area a re  
shown i n  F i g u r e  13. I n  a d d i t i o n ,  a comprehensive m o n i t o r i n g  program 
w i l l  be c a r r i e d  ou t  by LFE Environmental Ana lys i s  Labora to r ies  o f  Rich- 
mond, C a l i f o r n i a .  

UTILIZATION OF GEOTHERMAL FLUIDS I N  A CANE SUGAR PKOCESSIN(i PLANT 

DOE has supported techn ica l  and economic f e a s i b i l i t y  s t u d i e s  f o r  d i r e c t  
hea t  a p p l i c a t i o n s  s ince  1977. These s tud ies  a r e  made i n  c o n j u n c t i o n  w i t h  
p o t e n t i a l  users and have. inc1  uded t h r e e  k i n d s  o f  a p p l i c a t i o n s :  indus- 
t r i a l  process hea t  ( f o o d  processing, sugar p roduc t ion ,  f e r t i l i z e r  p ro-  
duc t ion ,  m ine ra l  processing, etc.  ) ;  d i s t r i c t  h e a t i n g  ( h e a t i n g  systems 
f o r  communities and smal le r  users  by p u b l i c  o r  p r i v a t e  u t i l i t i e s ) ;  and 
a g r i  b u s i  ness and aquacu l tu re  (p roduc t i on  and process ing  o f  food a t  t h e  
farm).  

I n  1978, DOE funded a proposal by t h e  Puna Sugar Company t o  eva lua te  t h e  
f e a s i b i l i t y  o f  us ing  geothermal f l u i , d s , f r o m  a s i t e  near the  HGP-A w e l l  
a t  a sugar r e f i n i n g  p l a n t  l o c a t e d  some s i x t e e n  m i l e s  away i n  Keaau. 
F i g u r e  14 i l l u s t r a t e s  t h e  p i p e l i n e  r o u t e  used i n  the  f e a s i b i l i t y  study. 
The p r o j e c t  examined t h e  p o s s i b i l i t y  o f  s u b s t i t u t i n g  geothermal steam 
f o r  steam generated by t h e  bu rn ing  o f  bagasse, which i n  t u r n  would be 
used t o  i nc rease  e l e c t r i c  power generat ion.  
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FIGURE 14: FEASIBILIW STUDY-PIPING GEOTHERMAL 
Source Puna Sugar Company AMFAC Inc Engineering and Economic Analysis for the 
Utilization of Geothermal Fluids in a Cane Sugar Processing Plant July 1979 

FLUIDS TO A SUGAR FACTORY AT KEAUU 

The study was completed i n  February 1979. 
diagrams o f  t h e  e x i s t i n g  sugar r e f i n i n g  process and t h e  proposed use o f  
geothermal f l u i d s .  The study concluded t h a t  use o f  geothermal hea t  a t  
t h e  Keaau process ing  p l a n t  i s  t e c h n i c a l l y  f e a s i b l e  b u t  o n l y  m a r g i n a l l y  
p r o f i t a b l e  based on p r i v a t e  f i n a n c i n g  o r  i n t e r n a l  f i n a n c i n g  by Puna 
Sugar 's  pa ren t  company. 
f rom the  proposed p r o j e c t  were i d e n t i f i e d .  P r o j e c t e d  r o y a l t y  payments, 
taxes, and a lower  e l e c t r i c i t y  r a t e  s t r u c t u r e  would c o n t r i b u t e  more than 
$79 m i l l i o n  t o  t h e  community over the 20 y e a r  program. 
t o r s  recomnended t h a t  ser ious  c o n s i d e r a t i o n  be g iven t o  p a r t i a l  govern- 
ment ownership and a1 t e r n a t i v e  f i n a n c i n g  arrangements. 

F igu res  15 and 16 a r e  

S u b s t a n t i a l  pub1 i c  economic b e n e f i t s  f l o w i n g  

The i n v e s t i g a -  
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FIGURE 15: SUGAR PROCESSING AND POWER 
PRODUCTION 

.’* 

FIGURE 16:’ USES OF DS.+FOR FUEL 
DRYING AND PROC 
Source, Curt Beck. Hlrai and Assoclafes. Hilo. Hawair. Lawrence Berkeley Laboratory. 
Geothermul Comrnerciallzatiorl Project. 1980 

3 
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FIGURE 17: USE OF GEOTHERMAL FLUIDS FOR SUGAR 
PROCESSING AND GASOHOL PRODUCTION 
Source Curt Beck Hlral and Associates H~lo tiawali Lawrence Berkeley Laboratory 
Geothermal Commercializatlon Project 1980 

GEOTHERMAL COMMERCIAL PARK 

I n  1979, the Department of Energy funded  a second f eas ib i l i t y  study for 
a geothermal commercial park located near Pahoa, Hawaii. The study exam- 
ined u t i l i za t ion  of geothermal energy a s  a resource t o  expand. the locali 
m i x  of agricultural  and energy products. Geothermal f luid from a pro- 
posed 7,000 f o o t  well w i l l  be transported two miles t o  an 800 acre 
industrial  s i t e  located a t  the western end of  the Kilauea East  Ri f t  
Zone. 
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Two a l t e r n a t i v e  modes o f  development were examined. 
b ined  development o f  t he  geothermal commercial park w i t h  development o f  
a 25 MWe power p lan t .  Costs o f  t ransmiss ion  f a c i l i t i e s  and w e l l s  c o u l d  
be shared. An a l t e r n a t i v e  i s  t o  develop w e l l s  and t ransmiss ion  f a c i l i -  
t i e s  f o r  t h e  i n d u s t r i a l  park independently. 

The f i r s t  i s  com- 

The f i n a l  concept f o r  the  geothermal park i nc ludes  f o u r  i n d u s t r i e s  and a 
research  f a c i l i t y  t o  demonstrate p romis ing  d i r e c t  a p p l i c a t i o n s .  The 
anchor i n d u s t r y  fo r  t h e  geothermal park w i l l  be an ethanol  p l a n t  produ- 
c i n g  20,000 g a l l o n s  pe r  day o f  fue l -g rade e thano l  and gasohol. F i g u r e  
17 i l l u s t r a t e s  proposed uses o f  geothermal f l u i d s  f o r  sugar p rocess ing  
and gasohol product ion.  

Another f a c i l i t y  w i l l  be a p l a n t  t h a t  w i l l  recover  t h e  l a r g e  p r o t e i n  
molecule f rom t h e  l e a f  o f  t h e  leucaena p l a n t  us ing  e x i s t i n g  technology 
f o r  recovery  o f  p r o t e i n  f rom a l f a l f a .  Feedstock f o r  these p l a n t s  w i l l  
be bagasse from sugar m i l l s  and euca lyp tus  and leucaena t r e e s  grown on 
nearby energy t r e e  farms. 

The t h i r d  a p p l i c a t i o n  o f  i n t e r e s t  t o  t h e  a g r i c u l t u r a l  comnunity i s  a 
papaya process ing  p l a n t  u s i n g  geothermal f l u i d s  t o  coo l  a warehouse f o r  
f r e s h  f r u i t ,  a puree p roduc t i on  l i n e ,  and a vacuum dehydra t ion  process 
t o  make papaya snacks. Success o f  such a venture w i l l  depend on whether 
l o c a l  farmers a r e  w i l l i n g  t o  r e l o c a t e  t h e i r  p rocess ing  f a c i l i t i e s  t o  t h e  
geothermal park and t o  form t h e  nucleus o f  a coopera t i ve  en te rp r i se .  
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PUBLIC CONCERNS 

S i t e  s e l e c t i o n  may have negat ive 
impacts on surrounding p r o p e r t i e s  

8 Soc ia l  se rv i ces  and l o c a l  i n f r a -  
s t r u c t u r e  (e.g., roads, u t i l i t i e s )  
w i l l  be s t r a i n e d  

Q Noise l e v e l s  may increase 

0 Outs iders may be needed t o  b u i l d ,  
operate and ma in ta in  the  power 
p l a n t  

0 Developers may be s e l f i s h  o r  i n -  
s e n s i t i v e  t o  community concerns 

e Residents may n o t  p a r t i c i p a t e  i n  
pub1 i c  hear ing procedures 

POSSIBLE RESPONSES 

e A l t e r n a t i v e  s i t e  l o c a t i o n s  and 
s i t e  l ayou ts  should be considered 

0 Local res iden ts  should be t r a i n e d  
i n  needed s k i l l s  

The p u b l i c  should be w e l l  informed 
about geothermal development 

0 Local i nves to rs ,  community groups, 
and o t h e r  i n t e r e s t e d  p a r t i e s  should 
be i nc luded  i n  p lanning and f i n a n c i n g  

FIGURE 18: POSSIBLE RESPONSES TO PUBLIC CONCERNS 
Source Adapted from Jim Moreau and W Lloyd Jones Direct Heat Geothermal 
Opportunities at Pahoa Hawai t 1980 Lawrence Berkeley Laboratory Geothermal 
Commercialization Project 1980 

ponent f o r  c a t t l e  feed u s i n g  sugar cane leaves combined w i t h  a b inder ,  
c u t  and dehydrated. 
and Japan. 

The feed produced can be s o l d  t o  markets i n  Hawaii 

irie iedbiui I I L Y  s ~ u u y  I U ~ I I L I I  icu a I I U I I I U ~ I  U I  L U I I L C I I I ~  auuuL piupuacu 

development o f  a geothermal comnercial  park. Some r e s i d e n t s  r a i s e d  
ques t ions  about t h e  p o t e n t i a l  ove r load ing  o f  t h e  two-lane highway near 
Pahoa and t h e  assoc ia ted  t r a f f i c  noise. Others ob jec ted  t o  s p e c i f i c  
i n d u s t r i e s  and t h e  i n t r o d u c t i o n  o f  o u t s i d e r s  t o  operate t h e  i n d u s t r i e s .  
Acceptance o f  t h e  geothermal park as a development o p t i o n  f o r  t h e  com- 
mun i ty  w i l l  r e q u i r e  t h a t  these concerns be reso lved  i n  an open d ia logue 
w i t h  comnunity, county, and s t a t e  representa t ives .  See F igu re  18, Pos- 
s i b l e  Responses t o  P u b l i c  Concerns. 
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Development of geothermal resourc on the B i g  Island will contribute t o  
the s t a t e ' s  goal of reduced depen ted duel. ,Electcicity 
generated from geothermal :,resouyc 0. maintai.n a lower ra te  
structure i n  the Is land 's  eqectri  e r  the- long, term, i f  geo- 
thermal e l ec t r i c i ty  i s  transmitted to Oahu t o  meet baseload e l ec t r i c i ty  
requirements, i t  wil l  improve the s t a t e ' s  balance of payments. 
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WHAT GEOTHERMAL ENERGY CAN DO ... 

Short Term: Long Term: 

1 .  Geothermal energy i s  not a source 1 .  With a proven reservoir, geothermal 
energy could supply a continuous source 
of base load electric power for a l l  

of firm power until the reservoir i s  
proven. Technically, this i s  d i f f icu l t  
to do. uses. 

required. 

requirements for uses t h a t  now require 
electricity or other fuels, for example, 
agricultural processes. 

4. Direct sources of heat may be supplied by 
geothermal energy t o  certain industrial, 
commercial or residential applications, as gasohol. 
thus reducing u t i l i t y  peak demand. 

2. Back-up power sources are therefore 2. With a technically feasible submarine 

3. Geothermal energy can meet process heat 

cable connecting the more northerly 
islands t o  Hawaii, geothermal energy 
may be able t o  satisfy electricity demand 
on Oahu.  

3. Where bagasse i s  now used to supply base 
load electricty,  geothermal energy could 
be used. 
possible conversion to liquid fuels such 

This frees u p  the bagasse for 

Economic Growth 

Geothermal resources may a1 so contribute to  the competitiveness of goods 
and services produced i n  Hawaii by p r o v i d i n g  a re l iab le  source of  energy 
a t  s table  prices. 
tional local income, and operating expenditures wil l  benefit the s t a t e ' s  
economy. I n  addition, the expansion of the existing agricultural 
economy on the Big Island t o  include production of ethanol and c a t t l e  
feed, as well as processing of sugar cane, papaya, and  other f r u i t s ,  
will provide j o b s  for  the local population as well as revenues t o  sup-  
p o r t  development of comnunity services. 

Environmental Tradeoff s 

Geothermal power i s  more environmentally benign t h a n  fossi l  fuel and 
nuclear power, b o t h  of which hdve been considered as less  desirable 
a1 ternatives t o  the statel 's  dependence on o i l  imports than renewable 
energy resources. A comparative analysis of environmental impdcts of 
power generation from geothermal , wind ,  biomass, and  so l a r  resources i s  
underway i n  the Hawaii Integrated Energy Assessment Project. 

Employment a t  d i rec t  use f a c i l i t i e s  may create addi- 

c 
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Envi ronmental Concerns 

The environmental impact o f  geothermal development can vary  w ide ly  
depending on t h e  l o c a t i o n ,  scale,  and l e v e l  o f  development. Whi le i n d i -  
v idua l  p r o j e c t s  may a f f e c t  t h e  environment o n l y  s l i g h t l y ,  t h e  cumula t ive  
e f f e c t  o f  severa l  a p p l i c a t i o n s  may be s i g n i f i c a n t .  The a c c e p t a b i l i t y  o f  
a p a r t i c u l a r  p r o j e c t  may depend a l s o  on i t s  compat ib i l ' i ty  w i t h  e x i s t i n g  
o r  planned a c t i v i t i e s  i n  t h e  v i c i n i t y .  

Environmental Qual i t y  Standards 

Whi le t h e r e  a r e  no s p e c i f i c  standards f o r  geothermal opera t ions ,  a num- 
b e r  o f  f ede ra l  environmental qual i t y  standards p rov ide  re fe rence  p o i n t s  
fo r  s t a t e  and l o c a l  r e g u l a t o r y  agencies. 
by t h e  Occupat ional  Sa fe ty  and Hea l th  A d m i n i s t r a t i o n  (OSHA) p r o t e c t  
workers f rom cont inuous exposure t o  p o t e n t i a l l y  harmful  substances which 
may r e s u l t  i n  adverse h e a l t h  e f f e c t s .  These standards a r e  based upon 
exposure l e v e l s  o f  8 hours pe r  day. The Environmental P r o t e c t i o n  Agency 
( E P A )  sets  ambient a i r  and wa te r  q u a l i t y  standards t h a t  p r o t e c t  t h e  
h e a l t h  o f  t h e  general popu la t ion .  S t a t e  and l o c a l  agencies overseeing 
geothermal development rnay adopt a d d i t i o n a l  standards t o  balance t h e  
amount o f  p o l l u t i o n ,  c o s t s  o f  m i t i g a t i o n ,  and t h e  number o f  persons 
a f f e c t e d  a t  i n d i v i d u a l  s i t e s .  See Appendix B f o r  a l i s t  o f  laws and 
r e g u l a t i o n s  r e l a t i n g  t o  energy and t h e  environment i n  Hawaii. 

Heal t h  standards es tab l  i shed  

Environmental base1 i n e  s t u d i e s  (as p a r t  o f  t h e  HGP-A P r o j e c t  and d i r e c t  
use f e a s i b i l i t y  s t u d i e s )  p rov ide  a u s e f u l  b a s i s  f o r  assessment o f  
environmental impacts f l o w i n g  from ac tua l  development a c t i v i t i e s .  A 
program o f  ''phase mon i to r i ng "  i s  now b e i n g  d i r e c t e d  by U n i v e r s i t y  o f  
Hawaii s c i e n t i s t s .  Under t h i s  program: se lec ted  emissions and e f f l u e n t s  
w i l l  be mon i to red  r e g u l a r l y  be fo re  and a f t e r  t he  s t a r t u p  o f  geothermal 
opera t ions .  
s i g n i f i c a n t  impacts a r e  discovered. 

P o t e n t i a l  impacts t h a t  have been i d e n t i f i e d  i n c l u d e  emissions o f  gases 
such as hydrogen s u l f i d e  and s u l f u r  d iox ide ;  h i g h  no ise  l e v e l s  f rom 
d r i l l i n g ,  w e l l  t e s t i n g ,  and power p l a n t  opera t ion ;  and m ine ra l  o r  thermal 

The frequency and t y p e  o f  measurements w i l l  decrease i f  no 
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FIGURE 19: HYDROGEN SULFIDE ABATEMENT AT HGP-A 
Source Adapted from Goodman and Love Geothermal Energy Projects Pergamon Press. 
1980 

p o l l u t i o n  o f  sur face  o r  ground waters .  Land subsidence from w i t h -  
drawal o f  geothermal f l u i d s  on t h e  B i g  I s l a n d  i s  regarded as improbable 
because under l y ing  basal  t format ions  do n o t  depend on geothermal f l u i d s  
f o r  support .  However, because subsidence due t o  s e i s m i c i t y  i s  a n a t u r a l  
phenomenon i n  t h e  East  R i f t  Zone, t h e  c o l l a p s e  o f  l a v a  tubes o r  water 
t a b l e  m o d i f i c a t i o n  a r e  c o n t i n u i n g  concerns. 

A i  r Qual  i ty  

The pr imary  concern f o r  a i r  q u a l i t y  i s  focused on hydrogen s u l f i d e ,  sul-  
f u r  d iox ide ,  and mercury. The r e s u l t s  o f  t h e  w e l l  t e s t s  f o r  HGP-A i n d i -  
c a t e  t h a t  p resen t  abatement techno1 ogy i s capable o f  mai n t a i  n i  ng emi s- 
s ions  from w e l l  opera t ions  w i t h i n  requi rements s e t  by t h e  EPA.  See F i g -  
u r e  19, H2S Abatement a t  HGP-A. 
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Dur ing  t h e  i n i t i a l  phases o f  f i e l d  development, persons i n  t h e  v i c i n i t y  
o f  a geothermal s i t e  may be expose'd t o  no i se  l e v e l s  v a r y i n g  f rom 40 t o  
120 dec ibe ls ,  depending upon the  d i s tance  from t h e  w e l l  s i t e .  
no i se  l e v e l s  a re  produced w e l l  d r i l l i n g ,  p roduc t i on  t e s t i n g ,  
b leed ing  be fo re  connect ion  t o  t h e  generator .  Wh'ile most opera t ions  can 
be e f f e c t i v e l y  m u f f l e d  by acous t i ca l  b a f f l i n g  and rock m u f f l e r s ,  some 
emi t  unavoi dab1 e noise. 

High 

The des ign s tandard f o r  t h e  HGP-A Wellhead Generator P r o j e c t  s p e c i f i e s  
t h a t  t h e  no ise  l e v e l  one-ha l f  m i l e  f rom t h e  w e l l  s i t e  must be no g r e a t e r  
than 65  dec ibe l s .  
reduced n o i s e  l e v e l s  t o  about 44 dec ibe l s  a t  t he  fence l i n e  o f  t h e  pro-  
j e c t .  See F i g u r e  20, Noise C h a r a c t e r i s t i c s  a t  HGP-A. 

Cons t ruc t ion  o f  a rock m u f f l e r  a t  t h e  f a c i l i t y  has 
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FIGURE 21: DISSOLVED SOLIDS IN HGP-A EFFLUENTS 
Source Donald Thomas Hawaii Institute of Geophysics 1980 

Water Qual i ty 

Contaminat ion o f  sur face  o r  groundwater f rom geothermal opera t ions  i s  o f  
substant  a1 concern t o  r e g u l a t o r y  agencies. M i g r a t i o n  o f  s a l t  water 
i n t o  the  surrounding groundwater tab1 e d u r i n g  the  d r i l l  i n g  o f  a geother-  
mal w e l l  can be prevented by c a r e f u l  cas ing  and g r o u t i n g  p rac t i ses .  
Very min mal e f f e c t s  on groundwater q u a l i t y  a re  expected i f  es tab l i shed  
d r i l l i n g  requi rements a r e  f o l  lowed. 

The environmental  e f f e c t s  o f  geothermal f l u i d s  d ischarged d u r i n g  
w e l l  t e s t i n g  and produc t ion  w i l l  vary  w i t h  t h e  types and concen t ra t i ons  
o f  s a l t s  d i sso l ved  i n  t h e  e f f l u e n t  and cho ice  o f  we l l  s i t e .  b i s s o l v e d  
s o l i d s  con ta ined  i n  t h e  e f f l u e n t  f rom the  HGP-A p r o j e c t  are l i s t e d  i n  
F igu re  21. For  purposes o f  comparison, t h e  concen t ra t i ons  o f  the  same 
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elements found i n  sea water  and a d i l  u ted  (15%) sol u t i o n  o f  seawater 
s i m i l a r  t o  t h e  b r a c k i s h  groundwater found a t  t h e  HGP-A s i t e  a r e  a1 o 
presented. Groundwater i n  t h e  area surrounding HGP-A i s  n o t  potab e 
because o f  seawater  i n t r u s i o n .  E f f l u e n t  from t h e  power p l a n t  w i l l  be  
piped t o  a s e t t l i n g  pond t o  remove d i sso l ved  s i l i c a  and then perco a ted  
i n t o  the  ground o r  used f o r  i r r i g a t i o n .  

Land Use. 

I n  the  Puna area, t h e  major determinant  o f  l a n d  use and i n f r a s t r u c t u r e  
requirements w i l l  be development o f  proposed subd iv is ions .  The a n t i c i -  
pated l e v e l  o f  geothermal development (25-50 MWe) i n  the  near term w i l l  
n o t  produce s i g n i f i c a n t  adverse impacts on e x i s t i n g  r e s i d e n t i a l  o r  a g r i -  
c u l t u r a l  uses. 

Community Aes the t i cs  

The cumula t ive  e f f e c t  o f  environmental  impacts on the  l i f e - s t y l e  o f  sur -  
rounding communi t i e s  i s  an impor tan t  cons idera t ion .  E f f e c t s  o f  proposed 
development on t h e  economic, s o c i a l ,  and c u l t u r a l  exper ience o f  t h e  com- 
muni ty  a r e  examined c o l l e c t i v e l y  as p a r t  o f  t h e  comprehensive p lann ing  
and p e r m i t i n g  process a t  t h e  l o c a l  l e v e l .  
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To address t h i s  issue, DOE has funded two s o c i a l  impacts s tud ies  
geothermal development i n  Hawaii. These s t u d i e s  p r o v i d e  an o p p o r t u n i t y  
f o r  t h e  N a t i v e  Hawaiian p o p u l a t i o n  i n  Puna t o  examine t h e  environmental  
and s o c i a l  consequences o f  geothermal development a long w i t h  county, 
s t a t e ,  and fede ra l  agencies. They supplement the  environmental,  i n s t i -  
t u t i o n a l ,  and l e g a l  assessments f o r  t h e  HGP-A P r o j e c t  and t h e  d i r e c t  use 
f e a s i b i l i t y  s tud ies .  

o f  

Soc ia l  Impacts Assessment, Puna Hui Otiana 

A g r a n t  made t o  t h e  Puna Hui Ohana ( a  N a t i v e  Hawaiian community associa- 
t i o n )  w i l l  p r o v i d e  b a s e l i n e  data f o r  c u l t u r a l  concerns which may be 
a f f e c t e d  by geothermal development i n  t h e  Puna area. The Hui has es ta -  
b l i s h e d  a geothermal l i b r a r y  i n  the  c o r n u n i t y  and conducted a number o f  
geothermal symposia f o r  Puna res iden ts .  P r e l i m i n a r y  r e s u l t s  o f  an a t t i -  
t u d i n a l  survey i n d i c a t e  t h a t  t h e  m a j o r i t y  o f  t h e  N a t i v e  Hawaiian popula- 
t i o n  i n  t h e  Puna area f a v o r s  geothermal development i f  i t  i s  p r o p e r l y  
planned and i f  t h e  community has an adequate o p p o r t u n i t y  t o  rev iew t h e  
p o t e n t i a l  c o s t s  and b e n e f i t s .  

Environmental Overview 

An Environmental Overview o f  geothermal development i n  Iiawai i was a1 so 
funded by DOE t o  assess t h e  cumula t ive  economic, environmental ,  l e g a l ,  
and s o c i a l  impact o f  geothermal development i n  t h e  s ta te .  Th is  p r o j e c t  
was c a r r i e d  o u t  as a j o i n t  e f f o r t  between Lawrence Livermore Labora tory  
and t h e  U n i v e r s i t y  o f  Hawaii. The researchers  concluded t h a t  no major 
impacts would f o l l o w  from the  p resen t  l e v e l  o f .  development a t  t h e  HGP-A 
w e l l .  They recommended s i t e - s p e c i f i c  s t u d i e s  f o r  geothermal a c t i v i t i e s  
i n  o t h e r  areas because one study f o r  a s i n g l e  f a c i l i t y  cannot p rov ide  
s u f f i c i e n t  da ta  f o r  e x t r a p o l a t i o n .  The f i n a l  r e p o r t  f o r  t h e  Overview 
Study has been completed. 
a c t i o n s  t o  address environmental ,  i n s t i t u t i o n a l  and regu l  t o r y  issues 
assoc ia ted  w i t h  f u t u r e  development. 

It c o n t a i n s  recomnendations f o r  f u r t h e r  

F igu re  22 summarizes t h e  p o t e n t i a l  environmental impacts and m i t i g a t i o n  
measures f o r  a 3 MWe power p l a n t  and a cane sugar p rocess ing  p lan t .  
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POTENTIAL IMPACTS IMPACT OF 3 MEGAWATT POWER CANE SUGAR PROCESSING PLANT 
PLANT (HGP-A) 

Hydrogen Sulfide .......... Scrubber devices at wellhead ....... Same as for 3 megawatt power 
el imi nate this problem. 

emigsions are within 
permitted levels. 

of mercury already present 
in areas of volcanic 
activity . 

plant, 

Sulphur Dioxide ........... Under evaluation; existing ....... Same. 

Mercury ................... Higher than normal levels .......... Same. 

Disturbance to ............ No effect on identified ............ Same. 
Plants/Animal s endangered species 

Noise ..................... Silencers and rock mufflers ........ Buffered by vegetation and 
placed at wellhead lower 
noise levels. 

buildings; acceptable levels 
at nearest property line. 

facility; screened by topography 
and vegetation. 

Visual Intrusion .......... No significant impact .............. Minimized by remoteness of 

Hawaiian Cultural ......... No iripact from existing ............ Same. 
Sites well location. 

Land Subsidence ........... Believed to be very ................ Same. 

Erosion/Sedimentation ..... May be avoided by careful .......... Same. 
improbable. 

siting of operations and 
faci 1 it ies . 

Induced Seismic ........... Under evaluation ................... Same. 
Activity 

FIGURE 22: POTENTIAL ENVIRONMENTAL IMPACTS 
FROM GEOTHERMAL DWELOPMENT 
Source Envlronmentai Irnpact Statement for HGP-4 Project 1979 Lawrence Bet keley 
1 aboratory Geothermal Commercial tzation Project 1980 
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6. MAKING GEOTHERMAL POWER A REALIN 

THE FEDERAL ROLE 

Geothermal energy i s  recognized as ,a t e c h n o l o g i c a l l y  ready ,and economic 
source o f  energy. 
i m i z e  use o f  t h e  n a t i o n " s  geothermaq pesoucce i n  *an env i ronmenta l l y  and 
s o c i a l  l y  acceptab le  manner and t o  demonstrate t h a t  i t  can make %a s i g n i  - 
f i c a n t  c o n t r i b u t i o n  toward r e g i o n a l  ener<gy requ i rements  and as a rep la -  
cement f o r  impor ted  f u e l  s. 

The {goal (of t h e  ,feder.al geothermal ,program i s  t o  max- 

The p r e s e n t  fede ra l  e f f o r t  i.ncil:udes fpro.gEams iwhic'h proviilde: suppor t  f o r  
resource con f i rma t ion ,  suppor t  f o r  techno1 ogy development, suppor t  f o r  
c o s t  sha r ing  demonstrat ions, t e c h n i c a l  ass is tance t o  t h e  p r i v a t e  sec to r ,  
p lann ing  ass i s tance  t o  s t a t e  and l o c a l  governments, and l o a n  guarantees 
f o r  p r i v a t e  development. I n  a d d i t i o n ,  t h e  Geothermal Energy A c t  o f  1980 
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( T i t l e  V I  o f  the  Energy S e c u r i t y  A c t )  w i l l  p rov ide  $85 m i l l i o n  
na t ionwide  f o r  resources e x p l o r a t i o n  and c o n f i r m a t i o n  loans  and $5 m i l  - 
l i o n  f o r  economic f e a s i b i l i t y  s tud ies.  

Pol i c i e s  o f  f ede ra l  agencies f o r  geothermal development a re  coord ina ted  
through t h e  In teragency Geothermal Coord ina t ing  Counci l  (IGCC) , w i t h  the  
D i v i s i o n  o f  Geothermal Energy (U6E) i n  t h e  Uepartment o f  tnergy  hav ing  
pr imary  r e s p o n s i b i l i t y  f o r  implementat ion o f  t h e  program. The f u n c t i o n s  
o f  var ious  fede ra l  agencies a r e  shown F igu re  23. 

STATE POLICIES FOR GEOTHERMAL DEVELOPMENT 

Geothermal energy i s  cons idered t o  be a r e a l  energy and development 
o p t i o n  f o r  Hawaii. Th is  has come about through a c t i v e  coopera t ion  
between the  p r i v a t e  sec tor ,  government agencies, and the  U n i v e r s i t y  o f  
Hawaii . 
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AGENCY IMPROVE RESOURCE LEASING OF FEDERAL REDUCE COSTS AND PRODUCE ENERGY STIMULATE ENERGY REGULATE ENERGY 
ESTIMATES LANDS RISKS ( R  b 0 )  DEVELOPMENT PRODUCTION 

Department o f  Energy 
(DOE) 

Resource Assess- 
ment ................ Yes . .............. Yes . . . . . . . . . . . . . . .  Yes . . . . . . . . . . . . . . .  Set comnerc la l i -  .. Prepare EAR/EIS 

goa ls ;  qeothenrdl  f o r  WE p r o j e c t s .  
l oan  gurantee 
program (GLGP). ............................................. Yes ....................................................... Review EAR/EIS. 

Federal  Energy Re- 
g u l a t o r y  Comnission ................................................................. .......................... 

dec is ions  on geo- 
thermal p r o j e c t s .  

Energy Research ...... . . . . . . . . . . .  Yes ......................................................................... 
Department o f  Comnerce 
(DOC) 

Economic Development 
A d m i n i s t r a t i o n  .................................................................. Yes . . .  . Yes ........................... 

Department o f  Defense 
(DOD) .................................................. Yes . . . . . . . . . . . . . . .  Yes ......................................... 
Department o f  Housing 
and Urban Development 
("I) ............ .......................... Yes ............... Yes ................................. 
U . S .  Department o f  
A g r i c u l t u r e  (USDA) 

Fo res t  Se rv i ce  .......................... Yes ................................... Yes ............... Yes ............... Process non-com- 
p e t a t i v e  l ease  
a p p l i c a t i o n s ;  
rev iew  pe rm i t s .  

Department o f  
Transportation (WT) ................................................................................... yes ................................. 
Department o f  the 
I n t e r i o r  (WI) 

Bureau o f  Land 
Management (ELM) ........................ Yes ............... Yes ....................................................... Lnvironmental  

(Oureau o f  Mines) rev iew  before 

U.S. Geo log ica l  
Survey (USGS) ....... Yes ............... Yes ............... Yes .................................................. 

l e a s i n g  

Mon i to r  env i ron -  
mental impacts 
a f t e r  l eas ing .  

F i s h  and W i l d l i f e  
Se rv i ce  (FUS) Yes . . . . . . . . . . . . .  
Water and Power 
Resources Serv i ce  
(UPRS) .............. Yes ....................................................................................................... 

........................................................................................................... 

Environmental P r o t e c t i o n  
Agency (EPA) ................................................... Yes ....................................................... I nvironmental  

r e q u l a t i o n s  
(Table adapted from I G C C .  f o u r t h  Annual Report t o  Congress. 
June 1980, Tables IV .3  and I V . 4 )  ' 

FIGURE 23: RESPONSIBILITIES OF FEDERAL AGENCIES IN 
GEOTHERMAL DEVELOPMENT 
Source Lawrence Berkeley Laboratory Geothermal Commercialization Project 1980 
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FIGURE 24: ENERGY ORGANIZATION 
Source Department of Planning and Economic Developn?ent, State Energy Plan. 1980 

F igu re  24 shows t h e  s t a t e  energy organ iza t ion .  
-Coordinator oversees t h e  energy programs o f  t h e  s t a t e  as mandated by t h e  
Governor and t h e  L e g i s l a t u r e .  The Hawaii  Na tu ra l  Energy I n s t i t u t e  c a r -  
r i e s  o u t  research and development e f f o r t s  f o r  a l t e r n a t e  energy resoi i rces 
and coo rd ina tes  c o u n t i e s '  energy s e l f - s u f f i c i e n c y  programs. I n  t h e  
Department o f  P lann ing  and Economic Development, t he  Center f o r  Science 
Pol i c y  and Technology Assessment (CSPTA) i s  respons ib le  f o r  t h e  conmer- 
c ia1  i z a t i  on o f  most a1 t e r n a t e  energy resources. Two adv i so ry  comnit tees 
have been s e t  up t o  a s s i s t  CSPTA i n  t h e  area o f  geothermal energy. The 
HGP-A Development Group i s  a c o n s o r t i  um composed o f  s t a t e ,  count ry ,  
u n i v e r s i t y ,  and i n d u s t r y  representa t ives .  T h e i r  t ask  i s  t o  advise and 

The Energy Resources 
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The Geothermal Adv isory  Comiilit- 

See Appendix C f o r  a l i s t  o f  

manage t h e  We1 1 head Generator P r o j e c t .  
t ee  reviews ongoing development a c t i v i t i e s  and makes recomnendations f o r  
l e g i s l a t i o n  and o t h e r  s t a t e  i n i t i a t i v e s .  
group members. 

The environmental  impacts assessment process, which i n c l u d e s  t h e  va r ious  
p e r m i t t i n g  processes and p r e p a r a t i o n  o f  environmental base1 i n e  s t u d i e s  
and environmental  impact statements, i s  t h e  procedure by which govern- 
ment agencies balance t h e  t r a d e - o f f  between t h e  c o s t s  and the  b e n e f i t s  
o f  a s p e c i f i c  p r o j e c t .  A number o f  s t a t e  agencies r e g u l a t e  geothernial 
development. The Department o f  Land and Na tu ra l  Resources oversees 
l e a s i n g  o f  s t a t e  lands  f o r  geothermal exp lo ra t i on ,  and f o r  d r i l l  i n g  
a c t i v i t i e s  on b o t h  p r i v a t e  and p u b l i c  land. 
en forces  r e g u l a t i o n s  f o r  a i r  q u a l i t y .  
the  S t a t e  Land Board w i l l  rev iew proposed development a c t i v i t i e s  t o  
ensure c o n f o r m i t y  w i t h  s t a t e  and county l a n d  use plans. 

The Department o f  Hea l th  
County p lann ing  comnissions and 

3 
I 
1 
I 

I 
1 

WHO OWNS GEOTHERMAL ENERGY? 

I n  1974, t h e  dawai i  S ta te  L e g i s l a t u r e  dec la red  geothermal t o  be a 
minera l  resource. Under t h i s  c h a r a c t e r i z a t i o n ,  t h e  s t a t e  o f  Hawaii owns 
geothermal resources under s t a t e  l ands  (approx imate ly  38% o f  t h e  s t a t e )  
as w e l l  as those p r i v a t e  lands  where t h e  m ine ra l  r i g h t s  have been 
exp ress l y  reserved t o  t h e  s ta te .  F o l l o w i n g  t h e  s t a t e ' s  d e c l a r a t i o n ,  two 
ownership i ssues  have ar isen .  
geothermal resources under p r i v a t e  lands  where t h e r e  i s  no express o r  
i m p l i e d  minera l  r e s e r v a t i o n  t o  t h e  s t a t e ?  What i s  t h e  e x t e n t  o f  N a t i v e  
Hawai i a n  c la ims  t o  geothermal I resources and .development revenues? 

The Geothermal Commercial izat ion P r o j e c t  (see  d i scuss ion  below) i s  
rev iew ing  bo th  l e g a l  and p o l i c y  aspects o f  these quest ions.  While t h e  
ques t i on  o f  resource ownership has n o t  d i r e c t l y  a f f e c t  e x p l o r a t i o n  
ac ti v i t i e s  t o  date--devel opers have been w i  11 i n g  t o  deposi t 1 ease pay- 
ments and roya l  t i e s ,  i n  an escrow account pending t h e  r e s o l u t i o n  o f  t h e  
issues- - the  cont roversy  over resources ownership i s  extremely v o l a t i l e  
because o f  t h e  1 and -cons t ra in t  environment o f  t h e  Is lands .  Impor tan t  
p o l i c y  cons ide ra t i ons  a r e  whether development on p u b l i c  and p r i v a t e  
l ands  should proceed i n  t h e  same way, t he  e q u i t y  o f  N a t i v e  Hawaiian 
c la ims,  and a d m i n i s t r a t i v e  f e a s i b i l i t y  o f  p a r t i c u l a r  o p t i o n s  a v a i l a b l e  
t o  t h e  s ta te .  

What i s  t h e  e x t e n t  o f  s t a t e  c la ims  t o  

1 
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COMMERCIALIZATION ISSUES AND GOVERNMENT I N I T I A T I V E S  

Development o f  geothermal energy on t h e  B i g  I s l a n d  has begun w i t h  t h e  
announcement o f  a two year ,  $5 m i l l i o n  e x p l o r a t i o n  program by t h e  Geo- 
thermal E x p l o r a t i o n  and Development Company. The D i l l  ingham Corpo ra t i on  
has a l s o  rece ived  pe rm i t s  f rom t h e  County o f  Hawaii t o  d r i l l  two 
e x p l o r a t i o n  w e l l s  i n  t h e  v i c i n i t y  o f  the  p resen t  HGP-A w e l l .  F u r t h e r  
impetus t o  geothermal development w i l l  be p rov ided  by t h e  fo r thcoming 
issuance by Hawaiian E l e c t r i c  Company and t h e  Hawaii  E l e c t r i c  L i g h t  Com- 
pany o f  a reques t  f o r  a proposal  t o  c o n s t r u c t  a 25 MWe geothermal power 
p l a n t .  Cons t ruc t i on  o f  t h e  p l a n t  w i l l  meet t h e  expected growth i n  e l e c -  
t r i c i t y  demand on t h e  i s l a n d  t o  t h e  y e a r  1990. Geothermal development 
beyond t h i s  p o i n t  i s  a n t i c i p a t e d  i n  con junc t i on  w i t h  d i r e c t  use a p p l i c a -  
t i o n s .  As t h e  resources a r e  es tab l  ished, f u r t h e r  development may 
i n v o l v e  t h e  i n t r o d u c t i o n  o f  energy- in tens ive  i n d u s t r i e s  o r  a p p l i c a t i o n s ,  
o r  t h e  e x p o r t  o f  e l e c t r i c i t y  t o  Oahu. P o t e n t i a l  h igh-temperature 
resources have a l s o  been i d e n t i f i e d  on t h e  I s l a n d  o f  Maui. As o f  t h i s  
w r i t i n g ,  an e x p l o r a t i o n  company i s  i n t e r e s t e d  i n  d r i l l i n g  some w e l l s  on 
the  i s l a n d  t o  e s t a b l i s h  t h e  resource p o t e n t i a l .  

A comparison o f  t h e  d i f f e r e n t  l e v e l s  o f  geothermal development i s  
presented i n  F i g u r e  25. 
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LEVEL OF GEOTHERMAL 
DEVELOPMENT 

1. 

2 .  

3 .  

4. 

1. 

No geothermal .......... 

Mainta in  HGP-A as ...... 
a t e s t  f a c i l i t y  

Small sca le  25-50 ...... 
megawatt power p l a n t  
and d i r e c t  use 
operat ions 

Medium sca le  50-100 . .  
megawatt power p l a n t  
and d i r e c t  use 
operat ions 

Large sca le  100- ..... 
300 megawatt power 
p lan ts  and d i r e c t  
use operat ions 

. . .  

IMPLICATIONS 
Socia l  Economic Technical Environmental Time Frame 

Keeps Hawaii i n  . .. Continued escala- Undue r e l i a n c e  . . . .  None .............. Can be imple 
extremely vu lner-  t i o n  o f  e l e c t r i -  on l ess  proven mented w i t h i i  
ab le  p o s i t i o n  c i t y  ra tes .  energy resources. 1 year .  
w i t h  respect  t o  
f u e l  supply. 

As above .......... As above .......... Could supply use- Minimal ........... Operating no\ 
f u l  data f o r  geo- 
thermal operat ions 
i n  Hawaii and USA. 

Enhances comnunity 
awareness o f  an 
a l t e r n a t i v e  energy 
opt ion.  

Provides some ..... Bagasses from 
jobs. 

made i n t o  ethanol; can t i e  t o  HELCO 
other  app l i ca t i ons  g r i d .  
may inc lude  a 
c a t t l e  feed m i l l ,  
p r o t e i n  recovery 
p lan t ,  processing 
o f  papayas 

Could s a t i s f y  B i g  
I s land  e l e c t r i c  
needs t o  1990. 

As above .......... As above .......... Technoloqy i s  . . . .  
Po ten t ia l  l i f e -  New small  t o  can t i e  t o  HELCO 
s t y l e  changes. moderate scale g r i d .  

Planning i s  r e -  poss ib le .  
qu i red  t o  i nsu re  
t h a t  development 
i s  cons i s ten t  
w i t h  comnunity 
goals. . .  

a v a i l a b l e  now; 

i n d u s t r i e s  a re  

S ta te ' s  dependence technology i s  
on fo re ign  o i l .  a v a i l a b l e  b u t  
W i l l  s t a b i l i z e  not proven - 
e l e c t r i c  ra tes .  , ,,, ~~~~~w~~ 
W i l l  i nvo l ve  the  
r e l o c a t i o n  o f  
energy i n tens i ve  , 
i ndus t r j  es : 

W i l l  a cce le ra te  
economic develop- 
ment on t he 'B ig  
l < l a n d  

8 ,  I . .  . .  

Minimal; measures . 2 - 5  years 
could be found 
t o  v i r t u a l l y  
e l im ina te  impact. 

Moderate; measures 5-15 years 
are a v a i l a b l e  t o  
s u b s t a n t i a l l y  
reduce impact. 

Substant ia l ;  . . . . . .  15-20 years 
extens ive measures 
requ i red  t o  r e -  
duce impact. 

FIGURE 25: IMPLICATIONS FROM DIFFERENT LEVELS OF 
GEOTHERMAL DEVELOPMENT 
Source Lawrence Berkeley Laboratory Geothermal Commercialization Project 1980 

1 
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FIGURE 26: GOVERNMENT ACTIONS TO REDUCE 
GEOTHERMAL DEVELOPMENT UNCERTAINTIES 
So( lice lLowrence Herlrelcy Laborctory Geothermal Zommercialization Project 1980 

Many t e c h n i c a l ,  economic, environmental ,  and i n s t i t u t i o n a l  u n c e r t a i n t i e s  
a t t e n d  t h i s  f i r s t  genera t ion  o f  geothermal development. See F i g u r e  26, 
Government Ac t i ons  t o  Reduce Geothermal Development Uncer ta in t i es .  
Together w i t h  t h e  f e d e r a l  government, t h e  s t a t e  has sponsored a number 
o f  geothermal p r o j e c t s  t o  h e l p  r e s o l v e  o r  reduce these u n c e r t a i n t i e s  so 
t h a t  t h e  promise of geothermal energy may be r e a l i z e d .  
descr ibes  t h e  r e l a t i o n s h i p  of i n d i v i d u a l  p r o j e c t s  t o  geothermal issues. 
The goa ls ,  p a r t i c i p a t i n g  o rgan iza t i ons ,  as w e l l  as the  r e s u l t s  t o  da te  
o f  these p r o j e c t s  a r e  presented i n  F igu re  28, S ta tus  o f  Geothermal Pro- 
j e c t s  i n  Hawaii. 

F igu re  27 
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FIGURE 27: STATE -PROJECTS TO REDUCE GEOTHERMAL 
DEVELOPMENT UNCERTAINTIES 
Source Adapted from Department of Planning and Economic Development State Energy 
Plan 1980 Lawrence Berkeley Laboratory Geothermal Commercialization Project I C 8 0  

I n  a d d i t i o n  t o  t h e  technology development e f f o r t s  d i r e c t e d  by t h e  Hawaii 
Natura l  Energy I n s t i t u t e  t h e r e  a r e  two o t h e r  noteworthy p r o j e c t s  t h a t  
w i l l  suppor t  geothermal energy development i n  t h e  Sta te .  

The Geothermal Resources Assessment Program i s  supported j o i n t l y  by the  
U.S. Department of Energy and t h e  s t a t e  o f  Hawaii. Surface e x p l o r a t i o n  
a c t i v i t i e s  a r e  be ing  conducted under t h e  management o f  t h e  Hawaii  I n s t i -  
t u t e  of Geophysics, t o  i d e n t i f y  bo th  h i g h  ( > 1 5 0 O C )  and low  ( 3 5 O C - 1 5 0 o C )  
temperature areas i n  the  s ta te .  T o t a l  f und ing  f o r  t h e  p r o j e c t  i s  
$225,000- pe r  year. 

1 
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CURRENT PROJECTS PROJECT GOALS P A R T I C I P A T I N G  ORGANIZATIONS* RESULTS TO DATE 

1. 

2 .  

3. 

4 .  

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Hawaii Geothermal ....... Ilemonstrate f e a s i b i l i t y  DOE, GEDCO, HIG, RCUH . . .  Successful we l l  d r i l l e d ;  
P r o j e c t  (HGP-A) o f  Puna rese rvo i r ;  d r i l l  geophysical engineer ing 

a successfu l  we l l  w i t h  and socio-environmental 
producing p o t e n t i a l .  s tud ies completed; impacts 

c a p a b i l i t y .  and low temperature 

i d e n t i f i e d .  
Resource Assessment ..... Improve assessment .......... DOE, H I G  ..................... Mapping of p o t e n t i a l  h igh  

resources. 

E l e c t r i c a l  Conduc- ...... Improve assessment .......... HIG,  HNEI .................... Underway. 
t i v i t y  Studies c a p a b i l i t y .  

B a s a l t i c  Rock . ..... Improve assessment .......... DOE, H I G ,  HNEI ............... Underway. 
I nves t i ga t i ons  capabi 1 i t y .  

capabi 1 i t y .  

c a p a b i l i t y .  

Heat Exchanger Studies .. Improve assessment .......... DOE, HNEI .................... Underway. 

Reservoi r  Synthesis ..... Improve assessment .......... DOE, HIG. HNEI ............... Underway. 

Hawaii I n teg ra ted  ....... Energy a l t e r n a t i v e s  ......... DOE. DPED, LBL ............... Pre l im ina ry  r e p o r t  
Energy Assessment i d e n t i f i e d  and completed. 
P r o j e c t  (HIEA) compared. 

Geothermal Comnercial- .. I d e n t i f y  b a r r i e r s  t o  ........ DOE, DPED, ERA, H i r a i  ........ Underway, 
i z a t i o n  P ro jec t  c o n e r c i a l i z a t i o n  o f  Associates, Hatteson 

Geothermal Soc ia l  ....... Determine s o c i a l  i m -  ........ DOE, A lu  L ike,  Puna Hui ...... Underway. 
Impact Studies pact  o f  geothermal Dhana. 

geothermal energy. and Rae, Parsons Hawaii ,  
Don Thomas. 

development on n a t i v e  
Hawaiians i n  Puna. 

Geothermal Environ- ..... Assess environmental ........ DOE, HNEI, LLL, RCUH ......... Pre l im ina ry  r e p o r t  
mental Overview impacts from geothermal completed. 

Geothermal Comnercial ... D i r e c t  use i n d u s t r i a l  ....... DOE, DPED, Di l l ingham, ....... Ethanol p lan t ,  p r o t e i n  
Park app l i ca t i ons '  f o r  geo- M e r r i l l  Lynch,\Parsons. recovery p lan t .  papaya 

development. 

thermal energy. processing p l a n t ,  c a t t l e  
feed m i l l  i d e n t i f i e d  as 
t e c h n i c a l l y  f e a s i b l e  
app l i ca t i ons .  

Puna Wellhead ........... Develop 3 megawatt .......... DOE. DPED, County o f  ......... Underway. 
Generator P r o j e c t  e l e c t r i c  power p l a n t .  Hawaii, HECD, HELCD, 

State o f  Hawaii ......... Management p lan  t o  .... . .  DPED ......................... I n  p repara t i on  
Energy Plan implement energy p o l i c y  

HNEI, H IG,  RCUH. 

ob jec t i ves .  
* PARTICIPATING ORGANIZATIONS 

1. DOE: Department o f  Energy 7. HIG: Hawaii I n s t i t u t e  o f  Geophysics 
2. DPED: Department o f  Planning and Economic Development 8. " E l :  Hawaii Natura l  Energy I n s t i t u t e  
3. ERA: Energy Research Associates 9. LBL: Lawrence Berkeley Laboratory 
4. GCDCD: Geothermal Exp lo ra t i on  and Development Co. 10. LLL: Lawrence L i v e n o r e  Laboratory 
5. HECO: Hawaii E l e c t r i c  Company 11. RCUH: Research Corporat ion o f  the Un ive rs i t y  
6. HELCD: Hawaii E l e c t r i c  L i g h t  Company o f  Hawaii 

FIGURE 28: STATUS OF CURRENT PROJECTS 
Source Adapted from Department of Planning and Economic DevelopmPr,t State Energy 
Plan 1980 Lawrence Berkeley Laboratory Geothermal Commercialization Project, 1980 
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The areas i n  which surveys have been conducted on t h e  I s l a n d  o f  Hawaii 
i n c l u d e  Kawaihae, Hual a l a i  nor thwest  r i ft, Ka i l ua  Kona, Mauna Loa 
southwest rift, K i l auea  lower  e a s t  rift, and Keaau. On Maui, geo log i -  
c a l ,  geochemical, and geophysical  surveys a r e  underway i n  t h e  nor thwest  
r i f t  zone o f  Haleakala (Hai ku-Paia) and t h e  Lahaina-Kaanapal i area. 
Ex tens ive  geochemical surveys have a l s o  been c a r r i e d  o u t  i n  the  Lualu-  
a l e i  Va l l ey  on Oahu. The resource assessment e f f o r t  i n  t h e  n e x t  two 
yea rs  w i l l  expand t o  i nc lude  South P o i n t  and Ka'u on t h e  B i g  I s land ,  
Olowal u-Ukumehame and southwest Haleakal a area on Maui , and a1 so the  
area sur round ing  Kaneohe Marine Corps A i r  S t a t i o n  on Oahu. A1 though 
these surveys a r e  l i m i t e d  t o  sur face  i n v e s t i g a t i o n s ,  i t  i s  hoped t h a t  as 
evidence o f  geothermal p o t e n t i a l  i s  es tab l i shed,  bo th  t h e  p u b l i c  and 
p r i v a t e  sec to rs  w i l l  take an a c t i v e  p a r t  i n  t h e  c o n f i r m a t i o n  o f  t he  
resource areas. 

The Center f o r  Science P o l i c y  and Technology Assessment i s  d i r e c t i n g  a 
Geothermal Commerc ia l izat ion P r o j e c t  t o  eva lua te  t h e  near term publ i c  
and p r i v a t e  sec to r  r e q u i r e m e n t s g e o t h e r m a l  devel opment. The p r o j e c t  
serves a s  a f o c a l  p o i n t  f o r  exchange o f  i n f o r m a t i o n  among t h e  l o c a l  com- 
munity,  i ndus t r y ,  and t h e  var ious  s t a t e  agencies respons ib le  f o r  geo- 
thermal a c t i v i t i e s .  It w i l l  make recomnendations t o  t h e  l e g i s l a t u r e  f o r  
economic i n c e n t i v e s  , geothermal research and development, and appropr i  - 
a t e  r e g u l a t o r y  and publ i c  i n fo rma t ion  programs. 

Geothermal power w i l l  become a r e a l i t y  on t h e  I s l a n d  o f  hawai i  i n  1981 
w i t h  t h e  commissioning o f  t h e  HGP-A Well head Generator Un i t .  
coopera t ion  between t h e  i ndus t r y ,  t he  U n i v e r s i t y ,  and the  county, s ta te ,  
and federa l  governments i s  necessary t o  ensure t h a t  devel opment takes 
p lace  i n  a t i m e l y  manner t o  meet t h e  s t a t e ' s  goa ls  f o r  energy 
independence. l h e  f u t u r e  success o f  geothermal energy, measured by i t s  
c o n t r i b u t i o n  t o  t h e  s t a t e ' s  economic and s o c i a l  we l l  -being, w i l l  depend 
on the  in formed p a r t i c i p a t i o n  o f  t h e  people o f  Hawaii, bo th  as i n d i v i d u -  
a l s  and as rep resen ta t i ves  o f  t h e  p r i v a t e  and p u b l i c  sectors .  

Cont inued 

1 
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APPENDIX A GLOSSARY OF TECHNICAL GEOTHERMAL TERMS 

A more ex tens ive  g lossa ry  o f  t echn ica l  terms may be found i n  C.S. 
L e t t e r ,  Jr .  and R.A. Ers inberg,  Geothermal Handbook, The John Hopkins 
U n i v e r s i t y ,  June 1977. 

AA 
A type of g ranu la r  v o l c a n i c  rock,  t he  n a t i v e  Hawai ian name. 

AQ U I F  E R 
A water-bear ing l a y e r  o f  porous rock,  sand, o r  g r a v e l .  

ARCHIPELAGO 
A group o f  i s l ands ,  e s p e c i a l l y  when s c a t t e r e d  ove r  an expanse o f  sea. 

BAFFLE 

ment o f  f l u i d s  o r  sound. 
A device,  such as a w a l l  o r  screen, f o r  d i r e c t i n g  o r  d e f l e c t i n g  move- 

BAGASSE 

used t o  supply  t h e  f u e l  requi rements o f  raw sugar m i l l s .  
Remains o f  sugar cane a f t e r  t h e  j u i c e  has been e x t r a c t e d  by pressure;  

BALNEOLOGY 
Sci  ence o f  t he  heal  i ng qual  i t i e s  o f  baths,  especi a1 l y  n a t u r a l  m i  ne ra l  

waters;  t he  the rapeu t i c  use o f  n a t u r a l  warm o r  minera l  waters.  

BARREL (OIL)  
A u n i t  o f  volume e q u i v a l e n t  t o  42 U.S. Standard ga l l ons .  

1 
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BASALT 

u s u a l l y  magnet ic.  
A f ine -g ra ined  igneous rock  dominated by dark -co lo red  minera ls ,  

BASELOAD ELECTRICITY GENERATION 
E l e c t r i c i t y  power supp l i ed  on a cont inuous  and f i x e d  bas is ,  t o  

supply a t  l e a s t  minimum system demand, i .e .  t h a t  which i s  always 
needed. 

BINARY THERMAL ARRANGEMENT 

d r i v e  t h e  power p roduc t i on  process. 
Trans fers  geothermal hea t  t o  a second f l u i d ,  which i s  used t o  

B I OMASS 

t h a t  has t h e  p o t e n t i a l  f o r  use as a f u e l .  
Any o rgan ic  m a t e r i a l ,  w i t h  s p e c i f i c  re fe rence  t o  o rgan ic  m a t e r i a l  

BLOWOUT PREVENTER 

p ressu r i zed  pocket  i s  penet ra ted  by a d r i l l .  
A dev ice  used t o  p revent  t h e  escape o f  o i l ,  water, o r  gas when a 

BOILING POINT 

p a r t i c u l a r  pressure.  
The temperature a t  which a l i q u i d  changes phases i n t o  a gas, a t  a 

BOREHOLE 
A h o l e  d r i l l e d  i n t o  t h e  e a r t h ,  o f t e n  t o  a g r e a t  depth. 

BRINE 
A h i g h l y  s a l t y  s o l u t i o n .  

B R I T I S H  THERMAL U N I T  ( B t u )  
The amount o f  heat  r e q u i r e d  t o  r a i s e  t h e  temperature o f  a pound o f  

water  l 0 F  a t  i t s  p o i n t  o f  maximum dens i t y .  

CALDERA 

many t imes g r e a t e r  than the  v o l c a n i c  opening. 
A l a r g e  v o l c a n i c  depression, c i r c u l a r  i n  form, w i t h  a d iameter  c 
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CALOR1 E 
The q u a n t i t y  o f  hea t  needed t o  r a i s e  

CAP ROCK 

1.gram o f  water  l 0 c ,  

A r e l a t i v e l y  dense l a y e r  o:fL+rock tha, p revents  t h e  c i r c u l a t i o n  o f  
hea t  o r  f l u  i ds .  

CAP I TAL 
( 1 )  Machinery, t o o l s ,  e t c .  used t o  produce a commodity, as d i s -  

t i n g u i s h e d  from l a b o r ,  f u e l  o r  raw m a t e r i a l s .  
sary t o  purchase such machinery. 

( 2 )  The money neces- 

CAPITAL-INTENSIVE 
Having a h igh  p r o p o r t i o n  o f  t o t a l  c o s t s  assoc ia ted  w i t h  i n i t i a l  

machinery, t o o l s ,  e t c . ,  r e l a t i v e  t o  ope ra t i ng  c o s t s  o f  l a b o r ,  f u e l ,  
and m a t e r i a l s .  

CASCADING UTILIZATION 
Sequent ia l  use o f  thermal energy, where t h e  waste heat  of one use 

p rov ides  t h e  i n p u t  hea t  t o  another.  

CH EM I CAL GEOTH ERMOMETE R 
A techn ique o f  .asses'ss;ing . t he  temperature c h a r a c t e r i s t i c s  o f  

geothermal r e s e r v o i r s  p r i o r  t o  d r i l l i n g .  Most w i d e l y  used 
geothermometers a r e  t h e  Si02 con ten t  and Na, Ca, and K r a t i o s  
measured i n  water  samples. f I '  

, I  

COGENERATION SYSTEM * 

Energy use system i n z w h i c h  f u e l l q r o v i d e s  bo$h e lec t r j l c l i t y  and p ro -  
cess heat. 

+ .  

CONDENSER t - 8  . n  - r > : I  E, $;...r'.- 
A dev ice  f o r  reduc ing  gases OF vapors-4.0, l i a u i d  o r  s o l - i d  form. 

7 
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CONDUCTANCE (CONDUCTIVITY) 

measure of the capacity of  water t o  conduct an electr ical  current 
under standard t e s t  conditions. Conductivity increases as concen- 
t ra t ions  of'dissolved and  ionized consti tuents increase. I t -  i s  
actually measured a s  resistance b u t  reported as  conductivity i n  
m i  cromhos. 

A common way t o  express general mineral content of water. I t  i s  a 

CONDUCTION 

perature difference and i n v o l v i n g  no motion of the medium. 
The transference of heat through a medium o r  body driven by a tem- 

CONVECT I ON 

heated material (usually a f l u i d ) .  
Transfer of heat from one place t o  another by actual motion of the 

DIKE 
A body of igneous rock t h a t  cuts across the structure of adjacent 

rocks. Most dikes r e su l t  from the intrusion o f  magma into f i ssures  
w i t h i n  the original formation. 

DIRECT USE APPLICATIONS 

before use. 

DRILLING MUD 

pumped downward through dr i l l  pipe t o  seal o f f  porous zones and t o  
counterbalance the pressure of o i l ,  g a s ,  and water. 

Use of heat source d i  rect ly ,  ra ther  t h a n  converting t o  e l ec t r i c i ty  

A suspension, generally l i q u i d ,  used i n  rotary d r i l l i n g .  I t  is 

DRILL PIPE 

Dril l i n g  f l u i d  c i  rcul a tes  th rough  the pipe. 

DRY ROCK 

from any source. 

Pipe to  which the b i t  i s  attached a n d  which i s  rotated by a d r i l l .  

Rocks beneath the e a r t h ' s  surface t h a t  contain no trapped water 

c 
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E F F I C I E N C Y  

conver t i ng  p l a n t  t o  t h e  energy i n p u t .  
The r a t i o  o f  t he  u s e f u l  energy ou tpu t  o f  a machine o r  o t h e r  energy- 

EFFLUENT 

o r  l a k e  ( 2 ) :  Waste m a t e r i a l  (as  smoke, l i q u i d  i n d u s t r i a l  re fuse ,  o r  
sewage) d i  scharged i n t o  t h e  environment, especi a1 l y  when considered a 
p o l l u t a n t .  

(1): Something t h a t  f l o w s  out,  as an o u t f l o w i n g  branch o f  a main stream 

ELECT R I  C AL SURVEY 

e l e c t r i c a l  f i e l d s ;  used f o r  mapping minera l  concent ra t ions  o r  basement 
format ions.  

Measurements made a t  o r  near t h e  e a r t h ' s  sur face,  o f  n a t u r a l  o r  induced 

ELECTROMAGNETIC PROSPECTING 
A geophysical  method t h a t  uses the  genera t ion  o f  e lec t ro -magnet ic  waves 

a t  t he  e a r t h ' s  sur face  t o  pene t ra te  t h e  e a r t h  and c o n t a c t  conduct ing  
fo rmat ions  o r  o re  bodies.  Cur ren ts  a re  induced i n  t h e  conductors  which 
p rov ide  t h e  source o f  new waves t h a t  r a d i a t e  f rom t h e  conductors and a r e  
de tec ted  by ins t ruments  a t  t he  sur face .  

E NTHAL P Y 1 

The h e a t  con ten t  o f  a body o r  system. 

~ -+-,- ENTROPY 
A measure o f  ?the un 

A temperature sca le  i n  which t h e  
F AH RENH E I T 

above ze ro  and t h e  b o i l i n g  p o i n t  o f  water  i s  212 degrees above zero.  

FAULT '1 '2 7 i 't 
A f r a c t u r e  o r  f r a c t u r e  zone i n  rock  a long which t h e r e  has been d i s -  

placement o f  t h e  s ides  r e l a t i v e  t o  one another  p a r a l l e l  t o  t h e  f r a c t u r e .  
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FLASH STEAM 

100°C) i s reduced. 
The steam generated when t h e  pressure on h o t  wa te r  ( u s u a l l y  above 

FLUID 

t o  t h e  shape of  i t s  containers.  
Havi ng t h e  c h a r a c t e r i s t i c s  o f  1 i q u i d s  and gases, capable o f  conformi ng 

FOSSIL FUEL 

be used as f u e l .  The most impor tan t  are coa l ,  n a t u r a l  gas, and 
p e t r o l  eum. 

A d e p o s i t  o f  o rgan ic  m a t e r i a l  c o n t a i n i n g  s t o r e d  s o l a r  energy t h a t  can 

FRACTURE POROSITY 

t h e  b reak ing  o r  s h a t t e r i n g  o f  an o the rw ise  hard rock .  

GENERATION CAPACITY 

wat ts ,  o r  Btu p e r  hour. 

P o r o s i t y  r e s u l t i n g  f rom t h e  presence o f  openings ( c r a c k s )  produced by 

The nominal power o u t p u t  o f  a p roduc t i on  f a c i l i t y ,  o f t e n  measured i n  

GEOLOGIC MAP 

ships,  and s t r u c t u r a l  f ea tu res .  
A map showing su r face  d i s t r i b u t i o n  o f  rock v a r i e t i e s ,  age r e l a t i o n -  

GEOPHYSICAL PROSPECT I NG 
The mapping o f  rock s t r u c t u r e s  by methods o f  

i n c l u d e d  a r e  t h e  measurements o f  magnetic f i e  
e l e c t r i c a l  p r o p e r t i e s ,  seismic wave pa ths  and 
and h e a t  f low.  

GEOPRESSURED 

exper i  mental phys i cs  ; 
ds, t h e  f o r c e  o f  g r a v i t y ,  
v e l  o c i  ti es , r a d i  o a c t i  v i  ty , 

Placed under p ressu re  by t h e  we igh t  o f  o v e r l y i n g  r o c k  format ions. 

An imaginary su r face  w i t h i n  t h e  e a r t h  a long which t h e  temperature i s  
GEOTHERM ( G E O I  SOTHERM) 
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GEOTHERMAL ENERGY 

rocks  o r  water .  
The i n t e r n a l  energy o f  t he  ea r th ,  a v a i l a b l e  as ,heat  f rom heated 

GEOTHERMAL GRADIENT 

g r a d i e n t  near  t h e  sur face  o f  t h e  e a r t h  v a r i e s  depending on t h e  h e a t  
f l o w  i n  t h e  r e g i o n  and on t h e  thermal c o n d u c t i v i t y  o f  t h e  rock.  

The r a t e  o f  i nc rease  o f  temperature i n  t h e  e a r t h  w i t h  depth. The 

GEOTHERMAL RESOURCE BASE 
A l l  o f  t he  s t o r e d  hea t  i n  t h e  e a r t h .  

GEOTHERMAL RESOURCES 
S tored  h e a t  t h a t  i s  recoverab le  us ing  c u r r e n t  o r  nea r -cu r ren t  

technology. The U n i t e d  S ta tes  Geological  Survey 1 i m i  t s  geothermal 
resources t o  hea t  i n  t h e  e a r t h  above 15OC, t o  a depth o f  10km. 

GEYSER 

steam. The hea t  i s  thought  t o  r e s u l t  from t h e  c o n t a c t  o f  ground- 
w a t e r  w i t h  h o t  r o c k .  

HEAT 
That  form o f  energy t h a t  i s  t r a n s f e r r e d  between, 

r e s u l  t o f  t he  d i  f f e r e n c e  i n  temperature, governed 
thermodynami cs. 

A s p r i n g  t h a t  throws f o r t h  i n t e r m i t t e n t  j e t s  o f  heated water  o r  

, * '. *. ~ X I ,  ' f ,  

HEAT EXCHANGER': '- . .* 4 * "  

A dev ice  f o r  t r a n s f e r r i ' n g  hea t  f rom one f l u i i d  t o  another. ~ T h e  
f l u i d s  a r e  u s u a l l y  ( b u t  n o t  n e c e s s a r i l y )  separated by conduc t ing  
w a l l s .  

^ . ,  

HEAT FLOW 
D i s s i p a t i o n  o f  heat  coming f rom w i t h i n  t h e  e a r t h  by conduct ion  o r  

r a d i a t i o n ,  measured a t  t h e  e a r t h ' s  surface. 

HEAT FLOW UNIT 
2 One hea t  f low u n i t  i s  equal t o  1 x 1 V 6  cal /cm - s  . 

3 
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H I G H  TEMPERATURE RESERVOIR 
Reservoi rs  h o t t e r  t han  15OoC. 

HOT IGNEOUS SYSTEM 

t i o n s  i n  t h e  upper lOkm o f  t h e  c r u s t .  
A system i n  which t h e  thermal anomaly i s  d e r i v e d  from igneous forma- 

HOT ROCK 
P e r t a i n s  t o  any rock t h a t  i s  v o l c a n i c a l l y  o r  r a d i o g e n i c a l l y  heated. 

HOT SPRING 

human body ( 98.6oF . 
HOT WATER SYSTEM 

t h e  h e a t  and l a r g e l y  c o n t r o l s  subsurface pressures.  
by h o t  sp r ings  t h a t  discharge a t  t h e  sur face.  

A thermal s p r i n g  whose wa te r  has a h i g h e r  temperature than t h a t  o f  t h e  

A system t h a t  i s  dominated by c i r c u l a t i n g  l i q u i d  t h a t  t r a n s f e r s  most o f  
O f ten  c h a r a c t e r i z e d  

HY DROFRACTURE 

i n  a m i x t u r e  o f  w a t e r  and sand under h i g h  pressure.  
sure opens cracks,  and i n t r o d u c e d  sand serves t o  keep them open a f t e r  
t h e  pressure i s  reduced. 

Process o f  i n c r e a s i n g  t h e  p e r m e a b i l i t y  o f  s t r a t a  near a we1 1 by pumping 
The h y d r a u l i c  pres-  

HYDROLOGY 

t i o n  o f  wa te r  on t h e  su r face  o f  t h e  land, i n  t h e  s o i l  and u n d e r l y i n g  
rocks, and' i n  t h e  atmosphere. 

The science t h a t  deals  w i t h  t h e  p r o p e r t i e s ,  d i s t r i b u t i o n ,  and c i r c u l a -  

HYDROTHERMAL 

tems. 
O f ,  o r  r e l a t i n g  t o ,  h o t  water,  o r  h o t  wa te r  dominated geo log ica l  sys- 

HYDROTHERMAL CONVECTION SYSTEMS 

c i r c u l a t i o n  o f  wa te r  o r  steam r a t h e r  than  by thermal conduct ion through 
s o l i d  rock.  

I n  such a system most o f  t h e  h e a t  i s  t r a n s f e r r e d  by t h e  convect ive 
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IGNEOUS ROCK 
Rock formed from a m e l t  o r  magma by c o o l i n g  and s o l i d i f i c a t i o n .  

JOULE 

The j o u l e  i s  equal t o  1 newton-meter, 1 watt-second, o r  1 kg-m /s  . 
The c a l o r i e  i s  de f i ned  as 4.1868 J. 

2. 2 The u n i t  f o r  a l l  forms o f  energy o r  work i n  t h e  m e t r i c  system 

kWh (KILOWATT-HOUR) 
The amount o f  energy equal t o  1 k i l o w a t t  f o r  1 hour. It i s  

e q u i v a l e n t  t o  3,412 Btu. 

LAVA 

sur face ;  a l s o  t h e  same m a t e r i a l  s o l i d i f i e d  by c o o l i n g .  
F l u i d  rock  t h a t  i ssues  from a volcano o r  a f i s s u r e  i n  t h e  e a r t h ' s  

LAVA TUBE The tunne l  l e f t  from a l a v a  f l o w  i n  which t h e  edges 
coo led  t o  fo rm a hard  s h e l l ,  w h i l e  m a t e r i a l  i n  t h e  c e n t e r  f lowed 
away. 

MAGMA 
Mo l ten  rock  m a t e r i a 1 ) w i t h i n  t h e  ear th ,  t h e  c o o l i n g  o f  which pro- 

duces an igneous rock .  > .  
f 

MEGAWATT 1 

One m i l l i o n  w a t t s  o r  one thousand k i l o w a t t s .  

METAMORPHIC ROCK 
An igneous o r  sedimentary: rock  t h a t  has p a r t i a l l y  o r  comple te ly  

r e c r y s t a l l i z e d  i n  response t o  e l e v a t e d  { temperature and pressure,  
e.g. f rom nearby magma. 

METHANE 
A co lo r less , ,  odor less ,  inf lammable gas which i s  t h e  s i m p l e s t  

p a r a f f i n  compound; formula CH Methane i s  t h e  main component i n  
n a t u r a l  gas. 4 
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MILLIGRAM PER KILOGRAM (mg/kg) A measure of concentration of a substance 
i n  a solution. One mg/kg means tha t  f o r  every kg of the solution, the 
dissolved substance contributes one mg. 

OTEC 

between warm surface ocean water and cool deep ocean water. 
Ocean Thermal Energy Conversion u t i 1  i z i  ng the temperature difference 

P AH OE H 0 E 
A type of smooth volcanic rock, the native Hawaiian name. 

PARTS P E R  MILLION (PPM) 

concentration of a substance means t h a t  one of every one m i l l i o n  
molecules i n  the f l u i d  i s  of the specified type. 

A measure of the concentration of a substance i n  a f l u i d .  A one ppm 

PEAK LOAD 

the time. 
T h e  highest portion of demand, usually t h a t  occurring less than 10% of 

PERMEABILITY 
The permeability of a rock i s  i t s  capacity f o r  transmitting a f l u i d .  

Degree of permeability depends upon the size and shape of the pores, the 
s i ze  and shape of their interconnections, and the extent of the l a t t e r .  
I t  i s  measured by the r a t e  a t  which a f l u i d  of standard viscosity can 
move a g iven  distance through a given interval of time. The  u n i t  of 
permeability i s  the darcy. 

PORO SI TY 

i t s  to ta l  volume; usually s ta ted a s  a percent. 
The r a t i o  of the aggregate volume of in te rs t ices  in a rock o r  so i l  t o  

REINJECTION (INJECTION) 
The process of pumping waste water back i n t o  a well o r  aquifer. 

RES ERV 0 I R 
A natural underground container of l i q u i d s ,  such as o i l ,  water, o r  

gases. 
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RIFT ZONE 
A system of fractures and f au l t s  i n  the e a r t h ' s  crust .  

SALINITY 
The quan t i ty  o f  total  dissolved s a l t s  i n  water. 

SEDIMENTARY 
nescriptive term for rock formed from sediment. 

SEDIMENTARY BAS1 N 

and  thinner sediments a t  the edges. 
A geologically depressed area w i t h  thick sediments i n  the in te r ior  

SEISMIC 
Pertai n i  ng t o  an earthquake or earth v i  b r a t i o n ,  i ncl u d i  ng those 

tha t  are a r t i f i c i a l l y  induced. 

SEPARATOR 

the steam t h a t  i s  used i n  the e l ec t r i ca l  t u rb ines .  
A shaped pipe near the well-head t h a t  separates the hot water from 

S H A L E  

clay g rade .  
A layered sedimentary rock i n  which the par t ic les  a re  mainly o f  

SILENCER 

skyward and lowers the pitch of the noise. 

SPACE HEATING 

f o r t  i n  houses, off ices ,  or enclosed i n d u s t r i a l  plants. 

A simple wide vertical  tube t h a t  def lects  the geothermal steam 

The process of supply ing  the required heat f o r  the physical com- 

STEAM 

point; a vapor arising from a heated substance. 
The vapor  i n t o  which water i s  converted when heated t o  the b o i l i n g  
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STRATUM 
(1): 

mate ly  t h e  same k i n d  o f  rock  m a t e r i a l  ( 2 ) :  A s i n g l e  sedimentary bed 
o r  l a y e r ,  r e g a r d l e s s  o f  t h i ckness  ( p l u r a l  s t r a t a ) .  

Sec t i on  o f  a f o r m a t i o n  t h a t  c o n s i s t s  th roughout  o f  app rox i -  

SUBSIDENCE 
A l o c a l  s i n k i n g  o f  t h e  e a r t h ’ s  su r face  w i t h  l i t t l e  o r  no ho r i zon -  

t a l  movement. T h i s  v e r t i c a l  movement can be  caus’ed by n a t u r a l  
processes such as earthquakes o r  by  man-made w i thdrawal  o f  deep 
f l u i d s  which suppor t  su r face  fo rmat ions .  

TECTONIC 

forms r e s u l t i n g  f rom t h e  de format ion  o f  t h e  e a r t h ’ s  c r u s t .  
O f ,  p e r t a i n i n g  t o ,  o r  des igna t ing  t h e  rock s t r u c t u r e  and e x t e r n a l  

THERMAL EFFICIENCY 

dev ice  t o  t h e  h e a t  i n p u t  t o  t h e  system o r  device.  
The r a t i o  o f  t h e  energy ( h e a t  o r  work) achieved by a system o r  

THERMAL GRADIENT 

speci  f i ed d i  r e c t  ion.  

The f low o f  substance o r  substances i n  which b o t h  l i q u i d  and vapor 

The r a t e  o f  i nc rease  o r  decrease i n  temperature w i t h  d i s t a n c e  i n  a 

TWO-PHASE FLOW 

phase a re  p resen t .  

VAPOR DOMINATED 

r a t h e r  than by l i q u i d .  
A geothermal system i n  which pressures a re  c o n t r o l l e d  by vapor 

WATER TABLE 
The su r face  between t h e  “zone o f  s a t u r a t i o n ”  and t h e  “zone o f  

a e r a t i o n ” ;  t h a t  su r face  o f  a body o f  unconf ined groundwater a t  
which t h e  p ressu re  i s  equal t o  t h a t  o f  t h e  atmosphere. 

WELL-HEAD GENERATOR 
An e l e c t r i c a l  generator a t tached t o  t h e  geothermal w e l l  p ipe,  

a long w i t h  t h e  separa tor  and s i l e n c e r .  
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APPENDIX B. LEGISLATION AND REGUlATlONS APPLICABLE TO 
GEOTHERMAL DMLOPMENT 

ENACTED INCENTIVES FOR GEOTHERMAL DEVELOPMENT* 

ACT, HAWAI I  REVISED STATUTES D E S C R I P T I O N  

A c t  241 ( S e c t i o n  182-1) Resources Management: Expands t h e  d e f i n i t i o n  
Sec t i on  182-1, HRS), 1974 o f  "minera ls "  i n  t h e  law r e s e r v i n g  a l l  

m ine ra l  r i g h t s  t o  t h e  S ta te ,  t o  i n c l u d e  a l l  
geothermal resources,and o f  "min ing  opera t i ons "  
t o  i n c l u d e  t h e  development o f  a l l  geothermal 
resources. 

A c t  189 ( S e c t i o n  246-34.71, P,roperty Tax: Proper ty  t a x  exemption f o r  
1976 b u i l d i n g  improvements which use geothermal 

energy. J 
.r - -  

c :  S I .  

A c t  102 (Chapter 269) , 1977 Uti.1 i ty -Regulat ions:  Exempts n o n f o s s i l  
power genera t i on  and t ransmiss ion  f a c i l i t i e s  
f rom PUC n e g u l a t i o n  when energy used by producer 

t o  r e q u i r e  p u b l i c  u t i l i t i e s  t o  purchase 
su rp lus  power f rom such f a c i l i t i e s .  

Resource Management: Amends t h e  A c t  135, 
law r e l a t i n g  t o  s t a t e  minera l  r i g h t s  and 
minera l  r i g h t s  lessees. Amends t h e  law 
r e l a t i n g  t o  reimbursements f o r  damages due 
t o  m in ing  opera t ions ,  p u b l i c  a u c t i o n  o f  
m in ing  leases, t h e  number o f  leases .  

. .  

s o l d s d i r e c t l y  t o  p u b l i c  u t i l i t y .  Au tho r i zes  
f ,  

(Chapter 182, HRS), 1978 
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Author izes  t h e  board t o  o rde r  owner 
o r  lessees o f  l a n d  and na tu ra l  r i g h t s  on 
a d j o i n i n g  p r o p e r t y  t o  adopt and opera te  
under a coopera t i ve  o r  u n i t  p l a n  
o f  development. Adds a pena l t y  p r o v i s i o n  
f o r  v i o l a t i o n  o f  any law o r  r u l e  r e l a t i n g  
t o  t h e  government minera l  r i g h t s .  
Prov ides t h a t  t h e  l e v y  and assessment o f  
t h e  general  exc i se  t a x  on t h e  gross  proceeds 
from s a l e  o f  geothermal resources o r  
e l e c t r i c a l  energy s h a l l  be a t a x  on t h e  
bus iness o f  a producer  a t  t he  r a t e  o f  1 /2  o f  
1 percent .  

Ac t  62, 1979 Geothermal Depl e t i o n  A1 1 owances: 
Adopts f o r  t h e  purpose o f  t h e  Hawai i  
income tax,  t h e  p r o v i s i o n s  o f  t h e  I n t e r n a l  
Revenue Code i n  e f f e c t  on December 31, 1978 
as they r e l a t e  t o  de termin ing  gross income, 
ad jus ted  gross income, o r d i n a r y  income 
and loss ,  and taxab le  income. (By v i r t u e  
o f  t h e  fo rego ing  S t a t e ' s  ac t i on ,  t h e  
fede ra l  depl e t i o n  a1 lowances i n c l  ud i  ng 
those es tab l i shed  by t h e  1978 Federal  A c t  
f o r  geothermal depos i t s  a l s o  apply  t o  
t h e  s t a t e  income t a x  f o r  t a x  years  beg inn ing  
a f t e r  December 31, 1978.) 

* Reference: Na t iona l  Conference o f  S t a t e  L e g i s l a t u r e s .  

6 
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STATE ENVIRONMENTAL LAWS AND REGULATIONS 

GENERAL ENVIRONMENT 

Laws 

Environmental Q u a l i t y  Law , Hawaii  Revi sed Sta tu tes ,  Chapter 342. 

Environmental  Qual  i ty Commission Law, Hawaii  Revi sed S ta tu tes ,  Chapter 343. 

Envi  ronmental Qua l  i ty Cont ro l  Law , Hawaii Revi sed Sta tu tes ,  Chapter 341. 

Environmental P o l i c y  Act, Hawaii  Revised S ta tu tes ,  Chapter 344. 

Regu la t ions  

Environmental Q u a l i t y  Commission, Rules o f  P r a c t i c e  and Procedure, 
E f f e c t i v e  June 2, 1975. 

Envi ronmental Qual  i ty Commission, Environmental Impact Statement, 
Regul a t i ons .  

A I R  POLLUTION 

Laws 

F o r  A i r  Laws, see laws l i s t e d  above under General Environment. 

. ,  Regu la t ions  I , , I *  i I. 

A i r  P o l l u t i o n  Con t ro l  , P u b l i c  H e a l t h  Regulat ions,  Chapter 43, 
E f f e c t i v e  1973. 

Ambient A i r  Q u a l i t y  Standards, P u b l i c  H e a l t h  Regu la t ions ,  Chapter 42. 
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ENDANGERED SPECIES 

Laws 

Hawai i  Revised S ta tu tes ,  Chapter 195D 

Regu la t ions  

Regu la t i on  6, D i v i s i o n  o f  F i s h  and Game, Department o f  Land and Na tu ra l  
Resources, R e l a t i n g  t o  Issuances o f  Permi ts  f o r  Capture, o r  Possession 
o r  D e s t r u c t i o n  o f  W i l d  B i r d s .  

LAND USE 

Laws 

Land Use Law, I n c l u d i n g  Powers o f  t h e  Land Use Commission. 
Hawai i  Revised S ta tu tes ,  Chapters 174, 181, 183, 184, 205, 205A and 206. 

NOISE 

Laws 

F o r  No ise  Laws, see laws under General Environment, above. 

Regu la t ions  

Veh icu la r  No ise  C o n t r o l  f o r  Oahu, P u b l i c  Hea l th  Regu la t ions ,  Chapter 44A, 
E f f e c t i v e  1972. 

Community No ise  C o n t r o l  f o r  Oahu, P u b l i c  H e a l t h  Regulat ions,  , Chapter 448, 
E f f e c t i v e  A p r i l  26, 1976, Department o f  Heal t h y  Appl i c a t i o n  f o r  
Community Noise Permit .  

G 
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PESTICIDES 

Laws 

Hawaii  P e s t i c i d e  Law, Hawaii  Revised S ta tu tes ,  Chapter 149A. 

RADIATION 

Laws 

For  R a d i a t i o n  Laws, see laws under General Environment, above. 

73 

Regu la t ions  

R a d i a t i o n  P r o t e c t i o n ,  P u b l i c  Hea l th  Regulat ions,  Chapter 33, E f f e c t i v e  1960. 

SOL I D  WASTE 

Laws 

F o r  S o l i d  Waste Laws, see laws  under General Environment, above. 

Regu la t ions  

Sewage Treatment and Disposal  Systems, P u b l i c  H e a l t h  Regulat ions,  
Chapter 38, E f f e c t i v e  1973. 

S o l i d  Waste Management, P u b l i c  Hea l th  Regu la t ions ,  Chapter 46, 
E f f e c t i v e  1974. 
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WATER POLLUTION 

Laws 

For  Water Laws, see laws under General Environment, above. 

Regu la t ions  

Department o f  Heal th ,  A p p l i c a t i o n  f o r  Pe rm i t  f o r  Waste Discharge. 

Water P o l l u t i o n  Con t ro l ,  P u b l i c  Hea l th  Regulat ions,  Chapter 37. 

Water Qual i t y  Standards, P u b l i c  H e a l t h  Regulat ions,  Chapter 37-A. 
E f f e c t i v e  1974. 

Conservat ion Standards, P u b l i c  H e a l t h  Regulat ions,  Chapter 37-By 
E f f e c t i v e  1974. 
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APPENDIX C. THE GEOTHERMAL COMMUNITV: A DIRECTORY 

T h i s  appendix i s  a p a r t i a l  l i s t  o f  o rgan iza t i ons  i n v o l v e d  w i t h  geothermal com- 
m e r c i a l i z a t i o n  i n  Hawaii. The authors a re  indebted t o  Messrs. L.Kajiwara, til. 
Cox, and D. Thomas o f  t h e  Hawaii I n s t i t u t e  o f  Geophysics f o r  t h e i r  con t r i bu -  
t i o n s .  F o r  a more ex tens i ve  l i s t i n g ,  readers should c o n s u l t  t o  t h e i r  forthcom- 
i n g  Geothermal D i r e c t o r y  which w i l l ' d e s c r i b e  t h e  i n t e r e s t s  and a c t i v i t i e s  o f  a 
broader group o f  governmental and p r i v a t e  organizat ions.  

FEDERAL AGENCIES 

Department o f  A g r i c u l t u r e ,  Fo res t  Serv ice 

Charles Hodges, Jr., D i r e c t o r  
I n s t i t u t e  o f  P a c i f i c  I s l a n d s  Fo res t r y  
1151 Punchbowl S t ree t ,  Room 323 
Honolulu, Hawaii, 96813 

U.S. Department o f  Energy 

D r .  Takeshi Yoshihara 
P.O. Box 50168 
U.S.bept. o f  Energy 
Honolulu, Hawaii 96850 

Mr.  John Crawford 
Geothermal Program-Regi on I X  

U.S. Department o f  Energy 
333 Market S t r e e t  
San Francisco, Ca. 94105 

Environmental P r o t e c t i o n  Agency. ~ ' 

V i c k i  Tsuhako, In fo rma t ion ,Spec ia l i s t  (,- 

P.O. Box 5003 
300 A la  Moana Blvd. ; Room 13U2 
Honolulu, Hawaii 96850 

O f f i c e  o f  t he  Regional Representative ., 

- .  . ,  

(808) 546-8910 

Geological Survey 

Robert W. Decker, Sc ient is t - in-Charge 
Hawai i an Vol can0 Observatory 
Hawaii Na t iona l  Park, Hawaii 96718 

Wendell D u f f i e l d  
Regi onal O f f i c e  
345 M i d d l e f i e l d  Road, MS 18 
Men1 o Park, Cal i f o r n i  a 94U25 

Benjamin L. Jones, D i s t r i c t  Chief  
Water Resources D i v i s i o n  
P.O. BOX 50166 
300 A la  Moana blvd., Room 6110 
Honolulu, Hawaii 96850 

(808) 9b7-7328 

(415) 323-8111; 323-2680 

(808) 546-8331 

. .  
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HAWAI I  STATE ORGANIZATIONS 

HGP Advisory Comni t t e e  

Mr .  David B u t c h a r t  Dr .  B i l l  Chen 
Dept. o f  Land and Na tu ra l  Resources 
S t a t e  o f  Hawaii 
Post  O f f i c e  Box 621 P.O. Box 1357 
Honolulu , Hawai i 96809 

S t a t e  Geothermal Advisory Committee 

Associate Professor  o f  Engineer ing 
U n i v e r s i t y  o f  Hawai i -Hi lo  Campus 

H i l o ,  Hawaii 96720 
(808) 961-9367 

Mrs. Alma Cooper 
Congress o f  t h e  Hawaiian People 
163 K a i u l a n i  S t r e e t  
H i l o ,  Hawaii 96720 

D r .  John P. Craven, Dean 
Marine Programs 
U n i v e r s i t y  o f  Hawaii  
Holmes H a l l  401 
Honolul u,  Hawai i 96822 

M r .  H ide to  Kono, D i r e c t o r  
D i r e c t o r  
Dept. of P lanning and Economic Development 
S t a t e  o f  Hawaii  
Post  O f f i c e  Box 2359 
Honolulu, Hawaii 96804 

Mr .  He rbe r t  T. Matayoshi 
Mayor 
County o f  Hawaii 
25 Aupuni S t r e e t  
H o l i  , Hawaii  96720 

D r .  Rober t  I. T i l l i n g  
Sc ien t i s t - i n -Charge  
Hawaiian Volcano Observatory 
U.S. Geological Survey 
Hawaii Nat ional  Park, Hawaii 96718 

M r .  Car l  H. Wil l iams, P res iden t  
Hawaiian E l e c t r i c  Company 
Post  O f f i c e  Box 2750 
Honolulu, Hawaii 968803 

M r .  E.C. Craddick, Pres ident  
Geothermal E x p l o r a t i o n  and 
Development Corporat ion 
2828 Paa S t ree t ,  S u i t e  2085 
Honolulu, Hawaii 96819 
(808) 839-7720 

M r .  James G. D i t t m a r  
Bu s i  ness Deve 1 opment Manager 
Parsons Hawaii 
P.O. Box 29909 
Honolulu, Hawaii  96820 

D r .  Charles E. Hels ley,  D i r e c t o r  
Hawaii I n s t i t u t e  o f  Geophysics 
U n i v e r s i t y  o f  Hawaii 
HIG 131 
Honolulu, Hawaii 96822 

M r .  E. Chipman Higgins 
D i r e c t o r ,  Energy Supply 
Hawaiian E l e c t r i c  Company 
P.O. Box 2750 
Honolulu, Hawaii 96803 

(808) 836-2061 

(808) 948-8760 

(808) 548-7721 

Mr .  W. L l o y d  Jones 
Manager, Energy P r o j e c t s  
Hawaiian Dredging and Construct ion ’  
Company 
P.O. Box 3468 
Honolulu, Hawaii  96801 
(808) 735-32.11; 735-3275 
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Mr. E v e r e t t  Kinney 
Puna Hui Ohana 
P.U. Box 611 
Pahoa, Hawaii 96749 

Mr .  George T.H. Pai, Esqui re 
Chuck b Pai  
1022 Bethel S t ree t ,  S u i t e  2UU 
Honolulu, Hawaii 96813 , I  

(808)  533-6294 (808) 965-9140 . %  

Mr .  H ide to  Kono 
(ex-of  f i c i  0 )  
Department o f  P lanning and 
Lconomic Development 
P.O. box 2359 
Honolulu, Hawaii 96804 

M r .  Me lv in  Koizumi 
Deputy D i r e c t o r  f o r  Environmental 
Program 
Department o f  Hea l th  
P.0. Box 3378 
Honolulu, Hawaii 96801 
( & U S )  548-4139 

(808) 548-3033 

,, 

I 

M r .  Oaniel Lum, Chief  

Water and Land bev b,ivJsion 
DeDartment o f  Land and NatiJ+al Resoucces 

Geology-hydrology 2 ' 8 t3"  * 

D r .  John W. Shupe, Coord inator  
O f f i c e  o f  Energy Research 
U n i v e r s i t y  o f  Hawaii 
Holmes h a l l  240-8 
Honolulu, Hawaii 96822 

Mr .  Myron Thompson, Trustee 
Bishop Estates 
P.O. Box 3466 
Honol u l  u , Hawaii  96801 

A t t n :  Edward Nakamura 

(&U&) 948-8366 

(808) 523-6200 

Mr.  Johnson Wong 
Deputy A t to rney  General 
At torney Genera l 's  O f f i c e  
S t a t e  Capi t o1  B u i l d i n g  
Honolulu, Hawaii  96813 
(808) 548-3133 

1151 Punchbowl S t r e e t  
Honolulu, Hawaii 96813, ~ 

Mr. RalDh Masuda 
Envi r o k e n t a l  Speci a1 i s t  
P1 annj  ng Uepactye 
County o f  M i u i  

U n i v e r s i t y  o f  Hawaii 
Holmes H a l l  240-F 
Honolulu, Hawaii  96822 
(808) 948-7886; 948-7727 

Mr .  Steve Morse, D i r e c t 0  
Na t i ve  Hawaiian S e l f - S u f f i  
I n s  ti t u  t e  
48-239 Waiahole Va l l ey  Road 
Kaneohe, Hawaii 96744 
(808) 239-7110 
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Department o f  Budget and Finance 
P u b l i c  U t i l i t i e s  Commission 

A l b e r t  Tom, Chairman Honolulu. Hawaii  96813 

Honol u l  u, Hawaii  96813 

Wayne Mount, Admin i s t ra to r  
D i v i s o n  o f  Occupational Safety"'and H e a l t h  
677 A la  Moana Blvd., S u i t e L 9 1 0  

e' I 
, 

1 ;  

4,  

1164 Bishop St ree t ,  S u i t e  911 (808) 548-4155 

(808) 548-3990 
Department o f  Land and Na tu ra l  Resources. 

Susumu Ono, Chairman 
Board o f  Land and Natura l ,  Resources 

I. . 
Department o f  Hawaiian Home Lands 

F r a n c i s  Ching P.O. Box 621 
P.O. Box 1879 1151 Punchbowl S t r e e t  
550 Halekauwila S t r e e t  Honolulu, Hawaii  96813 
Honolulu, Hawaii  96805 (808) 548-65 

Department o f  H e a l t h  

S h i n j i  Soneda, Ch ie f  
Enviromental P r o t e c t i o n  and H e a l t h  
Serv ices D i v i s i o n  
P.O. Box 3378 
1250 Punchbowl S t r e e t  
Honolulu, Hawaii 96801 

Ralph K. Yukumoto, Chief 
P o l l u t i o n  Technical Review Branch . 
Environmental P r o t e c t i o n  and H e a l t h  
Serv ices D i v i s i o n  

1250 Punchbowl S t r e e t  
Honol u l  u, Hawai i 9680 

P.O. Box 3378 3' 

(808) 548-641 0 

Department o f  Labor and I n d u s t r i a l  Re la t i ons  

Gordon F r a z i e r ,  Economist 
P.O. Box 3680 
825 M i l i l a n i  S t r e e t  
Honolulu, Hawaii 96811 
(808) 548 -3904 

L i b e r t  K .  Landgraf, S t a t e  F o r e s t e r  
D i v s i o n  o f  F o r e s t r y  and W i l d l i f e  
P.O. Box 621 
1151 Punchbowl S t r e e t  
Honolulu, Hawaii 96813 

James 3. Detor, Admin i s t ra to r  
D i v i s i o n  o f  Land'Management 
P.O. Box 621 , 
11 51 Punchbowl S t r e e t  
Honolulu, Hawaii 96809 

(808) 548-2861 
1 t 

. $ 1  

(808) 548-2574 , 
. '  

Department o f  P lanning and Economic Deve 

James Woodruff, Geo theha l  P r o j e c t  Manag 
Center f o r  Science P o l i c y  and 
Tech no1 ogy Assessment 
P.O. Box 2359 
250 South King S t r e e t  
Honolulu, Hawaii 96804 

' _  

- 

(808) 548-2483 
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Gordon Furn tan i ,  Execut ive O f f i c e r  
S t a t e  Land Use Commission 
P.O. Box 2359 
190 South King S t ree t ,  S u i t e  1795 
Honolulu, Hawaii 96813 
(808) 548-461 1 

Department o f  Regulatory Agencies 

Roy Terada, Ch ie f  Engineer 
P u b l i c  U t i l i t i e s  D i v i s i o n  
P.O. Box 541 
1010 Richards S t r e e t  
Honolulu, Hawaii  96809 

Department o f  Taxat ion 

George F r e i  tas,  D i r e c t o r  
425 Queen S t r e e t  
Honolulu, Hawaii  96809 
(808) 548-7635 

O f f i c e  o f  t he  Governor 

R icha rd  L. O'Connell, D i r e c t o r  
O f f i c e  o f  Environmental Q u a l i t y  Contro l  
550 Halekauwila S t ,  Roan 301 
Honolulu, Hawaii 96813 
(808) 548-6915 

H A W A I I  

Sidney M. Fuke, P lanning D i r e c t o r  
P lanning Department 
25 Aupuni S t r e e t  
H i l o ,  Hawaii 96720 
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APPENDIX D. AN ANNOTATED BIBLIOGRAPHY 

1. Energy and Hawai i  

1973 Armstrong, R. Warwick, e d i t o r .  A t l a s  o f  Hawaii  
The U n i v e r s i t y  Press o f  Hawaii, Honolulu, Hawaii ,  
1973. 
da ta  f o r  a l l  i s l ands ,  and f o r  t h e  S ta te .  ,Data 
t a b l e s  and cha r t s ,  supplemented by t e x t .  

Presents soc i  a1 , economic and env i  ronmental 

1978 Science App l i ca t i ons ,  I n c .  Market Ana lys i s  o f  
Geothennal Energy f o r  C a l i f o r n i a  and Hawaii .  
Descr ibes p o t e n t i a l  demand f o r  geothermal 
energy f o r  d i f f e r e n t . u s e s  i n  t h e  two s ta tes .  
F inds  t h a t  Hawaii  :may lack. su ' f f i c  
t o  absorb f u l l  development 

S t a t e  o f  Hawaii , Department o f  P1 anni'ng 'and Economic 
Development. 
Annual Report, Janu 
Hawaii  ' s ener 

1980 

Prepared i n  A 
Revi sed, S t a t u  
p o l i c i e s  and 
management, a 
resources t o  meet t h e  S t a t e ' s  f u t u r e  energy needs. 
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Department of P lann ing  and Economic Development. 
Energy Data Book f o r  Hawaii ,  ( i n  p ress) ,  1980. 

Lawrence Berke ley  Labora tory  and Department o f  
P lann ing  and Economic Development. The Hawaii  
I n t e g r a t e d  Energy Assessment, I n t e r i m  Report, 
August 14, 1980. Repor t  on a comprehensive 
study o f  H a w a i i ' s  energy f u t u r e ,  p r o j e c t i n g  s i g n i f i c a n t  
r o l e s  f o r  a1 t e r n a t i v e  energy resources. 

S R I  I n t e r n a t i o n a l  . Energy S e l f - s u f f i c i e n c y  f o r  t h e  
B i g  I s l a n d  o f  Hawaii .  Descr ibes energy techno log ies  
and market on Hawaii ,  models f i v e  development 
scenar ios  under d i f f e r e n t  economic, s o c i a l  , and 
i n s t i t u t i o n a l  assumptions, and recommends a program 
f o r  acce le ra ted  development o f  geothermal and 
renewabl es. 

2. What i s  geothermal energy? 

1973 Shupe, J.W. Geothermal power f o r  Hawai i - -  
Phase I; Geothermics, v.2, pp. 101-104. 
An e a r l y  rev iew  and program o u t l i n e  o f  t h e  Hawaii  
Geothermal P r o j e c t .  

1976 Furumoto, A.S. A coo rd ina ted  e x p l o r a t i o n  
program o n ' t h e  I s l a n d  o f  Hawaii ;  i n  
Proceedings, Second U n i t e d  Na t ions  Symposium 
on t h e  development and use o f  geothermal resources, 
San Franc isco ,  20-29 May, 1975, U.S. Government 
P r i n t i n g  O f f i c e ,  p. 993-1001. A summary o f  
e a r l y  geophysical  da ta  w i t h  key re fe rences .  T h i s  
r e p o r t  e x p l a i n s  how t h e  Puna area was se lec ted  f o r  
i n t e n s i v e  research and d r i l l i n g .  

1978 Chen, B.H., K ihara ,  D.H., Yuen, P.C., and Takahashi, 
P.K. Well  t e s t s  f rom HGP-A; Geothermal Resources 
Counc i l ,  Transact ions,  v. 2, pp. 99-102. The r e p o r t  
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descr ibes t h e  pressure,  temperature, and water.  
chemist ry  da ta  f rom f i v e  f l a s h  d ischarge t e s t s  a t  
Lhe Puna w e l l .  TestsAsuch as these are'needed t o  assess 
t h e  q u a l i t y  and s i z e  o f  t h e  geothermal r e s e r v o i r .  

Furunoto,  A.S. The r e l a t i o n s h i p  o f  a geothermal 
r e s e r v o i r  t o  t h e  geo log ica l  s t r u c t u r e  o f  t h e  e a s t  
r i f t  o f  K i l auea  volcano, Hawai i ;  Geothermal Resources 
Counci l ,  Transact ions,  v. 2, J u l y  1978, ,pp. 199-201. 
A b r i e f  update on the#,vo lcan ic  heat  source beneath t h e  
Puna geothermal. r e s e r v o i r .  Diagrams o f  t h e  subsurface 
geo log ica l  s t r u c t u r e ,  and HGP-A we1 1 temperature and 
1 i t h o l o g y  a t  depth. 

Kamins, R.M. Revised environmental  impact  statement 
f o r  t h e  Hawai i  geothermal research s t a t i o n  u t i l i z i n g  
t h e  HGP-A w e l l  a t  Puna, I s 1  and o f  Hawai i ; 
Department P lann ing  and Economic Development. 
D e t a i l e d  maps and comments i n c l u d i n g  ideas  on t h e  
impact o f  geothermal development on t h e  groundwater 
and a i r  q u a l i t y .  

1 -  

1979 

1980 
, L.J. and Love, R.N., 

t e s t i n g  o f  t h e  HGP-A w e l l  near P-una. Readable w i t h  
comparisons t o  geothermal power p l  a n t  development i n  
I ce1  and and New Zeal and. 
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3. How can geothermal energy be used? 

1977 

1978 

1979 

1980 

Kamins, Robert  M. and T inn ing ,  K a r l a  J .  
An Assessment o f  Geothermal Development i n  Puna, 
Hawaii, Repor t  f o r  t h e  Hawaii Geothermal 
P r o j e c t ,  U n i v e r s i t y  o f  Hawaii , January 1977. 
Examines t h e  socioeconomic aspects o f  commercial 
development a t  t h e  Kapoho geothermal r e s e r v o i r  
near Puna. Both e l e c t r i c a l  and d i r e c t '  use appl i c a t i o n s  
a re  d i  scussed a1 ong w i t h  government i n i t i a t i v e s  
r e q u i r e d  t o  a s s i s t  l o c a l  communit ies and t h e  p r i v a t e  
sec t  o r .  

Geothermal Resources Counc i l .  D i r e c t  U t i l i z a t i o n  o f  
Geothermal Energy: A Symposium, January 3 1  - 
February 2, 1978, San Diego, C a l i f o r n i a .  Technica l  and 
economic d e s c r i p t i o n s  o f  ongoing p r o j e c t s .  

Stephen-Hassard, Q.D. e t  a l ,  DPED. The 
F e a s i b i l i t y  and P o t e n t i a l  Impact o f  Manganese 
Nodule Process ing i n  Hawai i .  Study f o r  
proposed nodul e p rocess ing  i ndu s t r y  , w i  t h  t h e  
p l a n t  t o  be l o c a t e d  i n  t h e  Puna D i s t r i c t  o f  
Hawai ii, suppl i e d  w i t h  geothermal energy. 

Anderson, David N.  and Lund, John W . ,  ed i ted .  
D i r e c t  U t i l i z a t i o n  o f  Geothermal Energy: A Technical  
Handbook. Geothermal Resources Counci l  Specia l  
Repor t  No. 7, 1979. Comprehensive exp lana t ion  o f  
economic , t e c h n i c a l  , and l e g a l  f rarriework f o r  ld i  r e c t  
u t i 1  i z a t i o n .  

Justus,  D., Basescu, N . ,  Bloomquist ,  R .  G., 
Higbee, C'., and Simpson, S. 
Energy Development, O I T  Geo-Heat U t i 1  i z a t i o n  Center,  
i n  coopera t ion  w i t h  Oregon Department o f  Energy, 
prepared - f o r  U.S. Department o f  Energy, Region X Of i f ice,  
S e a t t l e ,  Washington, June 1980. 

Oregon: A G u i d e < t o  Geothermal 

Generic d e s c r i p t i o n  o f  
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development process f o r  d i r e c t  and e l e c t r i c  
u t i l  i z a t i o n ;  i n c l u d e s  summary o f  a c t i v i t i e s  and 
l e g a l / i n s t i t u t i o n a l  framework i n  Oregon. 

4. Geothermal p r o j e c t s  i n  Hawai i  

1979 Humme, John T., Tanaka, M e l v i n  T., Yokota, Me lv in  H. 
and Furumoto, August ine S. Eng ineer ing  and Economic 
Ana lys i s  f o r  t h e  U t i l i z a t i o n  o f  Geothermal F l u i d s  
i n  a Cane Sugar Process ing P lan t ,  F i n a l  Report .  
Prepared f o r  t h e  Department o f  Energy, D i v i s i o n  o f  
Geothermal Energy, J u l y  1979. Study eva lua tes  t h e  
f e a s i b i l i t y  o f  us ing  geothermal f l u i d s  f rom a w e l l  
near  t h e  HGP-A w e l l  s i t e  f o r  process steam a t  a 
cane sugar p rocess ing  p l a n  l o c a t e d  i n  Keaau, Hawai i .  

Thomas, D., M. Cox, D. Erlandson, L. Kaj iwara,  
(Hawai i  I n s t i t u t e  o f  Geophysics). P o t e n t i a l  
Geothermal Resources i n  Hawaii : A P r e l i m i n a r y  
Regional Survey. Geothermal resource assessment 
f o r  each i s l a n d .  

Science App l i ca t i ons ,  -1nc. D i r e c t  use overview f o r  
Hawai i  and T o t a l  use s c e n a s i o , f o r  Puna ( H I ) .  : 

Descr ibes - p o t e n t i a l  %or ,di r e c t  heat  u t i l  i z a t i o n ,  
and descr ibes a program , f o r  us ing - the  Puna resource. 

1980 Chen, B i l l  H:, Lopez, L o u i s  P., Kuwada, James T. 
and F a r r i  ngton Ray J. Progress Repor t  on 
HtiP-A We1 1 head 
Geothermal Resources’ Cou 
Vol.4 , September 1980 
a s u b s t a n t i a l  workove 
w e l l  c a s t i n g  i n  September 1979. Tes ts  on hydrogen 
s u l f i d e  and no ise  abatement equipment a t  t he  w e l l  
were conducted i n  January 1980. 
be very e f f e c t i v e .  
has been extended t o  3/31/81. 

Both were shown t o  
The p r o j e c t e d  p lant -on-1 i n e  da te  
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Hawaii I n s t i t u t e  o f  Geophysics. I n v e s t i g a t i o n  
o f  a P o t e n t i a l  Low Temperature Resource on t h e  
I s l a n d  o f  Oahu, Hawai i .  Repor t  o f  da ta  c o l l e c t i o n  
and f i e l d  i n v e s t i g a t i o n  o f  t h e  Waianae volcano 
c a l  dera conc lud ing  t h a t  a 1 ow temperature geothermal 
r e s e r v o i r  e x i s t s .  

Thomas, D., M. Cox, B .  L i e n a r t ,  J. Kauahikaua, 
M. M a t t i c e  (Hawai i  I n s t i t u t e  o f  Geophysics). 
D i r e c t  Heat Resource Assessment I n t e r i m  Report. 
Resu l t s  o f  p r e l i m i n a r y  f i e l d  surveys 
on t h e  i s l a n d s  o f  Hawaii, Maui, and Oahu. 

Hawaii Dredging and Cons t ruc t i on  Co. The D i r e c t  
A p p l i c a t i o n  o f  Geothermal Energy i n  an I n d u s t r i a l  
Park i n  Pahoa, Hawaii. Repor t  i n  p r e p a r a t i o n  f o r  
t h e  U.S.  Department o f  tnergy.  
o f  f o u r  geothermal a p p l i c a t i o n s :  an ethanol  p l a n t ,  a c a t t l e  
feed m i l  1 , a p r o t e i n  recovery p l a n t ,  and a papaya process ing  
f a c i l i t y .  

tconomic f e a s i b i l i t y  

Moreau, Jim, and Jones, W .  L loyd .  D i r e c t  Heat 
Geothermal O p p o r t u n i t i e s  a t  Pahoa, Hawaii. Geothermal 
Resources Counc i l ,  T ransac t ions  V o l .  4, September 1980. 
Summarizes t h e  resu l  t s  o f  t h e  economic f e a s i b i l i t y  
study f o r  t h e  Pahoa commercial park .  

Department o f  P1 anning and Economic Development. 
A sys temat ic  Approach t o  Ach iev ing  Energy 
S e l f - s u f f i c i e n c y  i n  t h e  I s l a n d s  ( i n  p ress) .  
I d e n t i f i e s  p o t e n t i a l  bo t t l enecks  t o  a1 t e r n a t i v e  
energy development; out1 i nes  p l  anni  ng and devel  opment 
s t r a t e g i e s  t o  acce le ra te  development. Prepared 
f o r  H I E A .  
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5. Balanc ing t h e  b e n e f i t s  and c o s t s  o f  geothermal development 
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1975 Department o f  P lann ing  and Economic Development. 
S t a t e  P o l i c y  Cons idera t ions  f o r  Geothermal 
Development i n  Hawaii. 
geothermal development issues, w i t h  suggested 
governmental i n i t i a t i v e s .  

E a r l y  assessment o f  

1978 S t a t e  o f  Hawai i ,  Department o f  Land and Na tu ra l  Resources. 
Regu la t ions  on Leasing o f  Geothermal Resources 
and D r i l l i n g  f o r  Geothermal Resources i n  Hawaii, 
Regul a t i o n  8. 

Workshops, September 19, 1979. 
geothermal devel oprnent a c t i  v i  t i e s  and 
1 eg i  s l  a t i v e  proposals .  

1979 Hawaii Natura l  Energy I n s t i t u t e .  Geothermal 
D iscuss ion  of 

Department o f  P lann ing  and Economic Development. 
Rules, Regul a t i o n s  , Permits, and Pol i ci es ' 

A f f e c t i n g  t h e  DeQelopment o f  A1 t e r n a t e  Energy 
Sources i n  Hawaii. Descr ibes f e d e r a l  , s t a t e  . 
and l o c a l  requirements;  i n c l u d e s  geothermal. 

1980 U n i v e r s i t y  o f  Hawai i .  and the,.Hawai i Natu ra l  Energy 
I n s t i t u t e .  - -Hawai i  erma'l Energy Resou 
E d i t e d  by B.Z. S i e  Prep'ared'.for the'  L 
L ivermore Laboratory  and t h e  U.S. Department o f  Energy 
under c o n t r a c t  3415609. 

Volume 1. Geothermal Noise, J.C.Burgess.-. * 

Volume 2. Geothermal Hydro1 ogy-Geol ogy , Carol  F e l  d and 

Volume 3. The Environment, P a r t  1-11: Gio-b io logy,  

- I I  

I -  r ' I  

. -  

B.Z. S iege l .  

S.M. S iege l .  



c 

90 

Volume 4. The Environment, P a r t  111: Impacts, S.M. S iege l  
and B.Z. S i e g e l .  

Volume 5. Geothermal Socio-Economic Issues, 
Penelope A. Canan. 

Volume 6.  Legal  Issues, Robert  Kamins. 
Volume 7. Execu t i ve  Summary, B.Z. S iege l .  

Comprehensive overview o f  environment, s o c i a l  , economic, 
and l e g a l  i s s u e s  assoc ia ted  w i t h  geothermal development 
i n  *Hawaii. I n c l u d e s  recommendations f o r  f u t u r e  research 
and governmental ac t i ons .  

Puna Hui  Ohana, Hawai i  and t h e  Geothermal Fu ture :  
Problems and p o s s i b l e  uses; impacts and p r e d i c t i o n s .  
Symposium June 28, 1980. D iscuss ion  o f  i ssues  
pe rce i ved  by d i f f e r e n t  governmental and community 
groups as i m p o r t a n t  t o  geothermal development on Hawaii .  

County o f  Hawaii  P lann ing  Commission. I n  Re 
Appl i c a t i o n  o f  Geothermal E x p l o r a t i o n  and Development 
Corp. June 30, 1980, August 8, 9, 1980, Chairman 
W i l l i a m  J. Par i s ,  Jr.  p r e s i d i n g .  T r a n s c r i p t  o f  hear ings .  

Ahmai, K .  , e t  a l .  Percept ions,  B a r r i e r s  and S t r a t e g i e s  
P e r t a i n i n g  t o  t h e  Development o f  A1 t e r n a t e  Energy 
Sources i n  t h e  S t a t e  o f  Hawaii .  Department o f  P lann ing  
and Economic Development ( i n press  I .  

Department o f  P1 anni  ng and Economic Development. 
Rules, Regu la t i ons  and P o l i c i e s  A f f e c t i n g  Energy 
Use i n  Hawaii  ( i n  p r e s s ) .  
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6. Making geothermal energy a r e a l i t y  

1980 Interagency tieotherrnal Coord ina t ing  Counci 1. 
F o u r t h  Annual Repor t  t o  Congress. Summarizes 
a c t i v i t i e s ,  goals  o f  f ede ra l  agencies; 

A s s i s t a n t  Secretary  f o r  Resource App l i ca t i ons ,  
Department o f  Energy. Geothermal tnergy  Program 
Summary Document, FY 1981. January 198U. 
Descr ibes s t a t u s  and o r g a n i z a t i o n  o f  t h e  fede ra l  
geothermal proyram. 

Department o f  Energy, D i v i s i o n  o f  Geothermal 
Energy. 
i ssues. 

Geothermal Progress bioni t o r ,  va r ious  

Department o f  P lanning and Economic bevelopment, 
Geothermal Advi sory  Cornmi t t e e  Meet i  nys, va r ious  
i ssues. P rov i  des p e r i o d i c  update o f  geothermal 
development a c t i v i t i e s  in  the U.S.  

Department o f  P1 ann1 ny and Economic Uevel opment , 
S t a t e  Energy Plan: 
prepared i n  accordance w i t h  Chapter 226, Hawaii 
Revised Sta tu tes ,  February , 1980. Descr ibes t h e  
p o l i c i e s  and p r o j e c t s  f o r  development, management, 
and conserva t ion  o f  Hawai i ' s energy resources 
f o r  meet ing t h e  s t a t e ' s  f u t u r e  energy needs. 

A S t a t e  Func t i on  P lan  

Department o f  P1 anni  ny and Economic Development. 
A Report  on Commerc ia l i z t ion  o f  tieothermal kneryy i n  
Hawai i -Execut ive Summary, Geothermal Commerc ia l izat ion 
P r o j e c t .  ( I n  press) .  Uescr ibes c u r r e n t  a c t i v i t i e s  
sponsored by t h e  s t a t e  goverment t o  encourage geothermal 
development. 
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