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The s e r i e s  o f  r e p o r t s  accompanying t h i s  summary document c o n s t i t u t e  a f i n a l  

r e p o r t  on the  progress and accomplishments o f  t he  Hawaii Geothermal P r o j e c t  (HGP) 
du r ing  i t s  f i r s t  f i v e  years o f  operat ion.  Although t h e r e  has been c o n t i n u i t y  o f  
support  and a d m i n i s t r a t i o n  throughout t h i s  f i v e - y e a r  pe r iod ,  t h e  P r o j e c t  has been 

d i v i d e d  r a t h e r  a r b i t r a r i l y  i n t o  th ree  phases : 

Phase I, May 1973 - A p r i l  1975: 

Phase 11, May 1975 - June 1976: Experimental D r i l l i n g ,  I n i t i a l  Well  

Phase 111, J u l y  1976 - June 1978: 

E x p l o r a t o r y  Surveys and Related Research 

Test ing,  and Related Research 

Well T e s t i n g  and Ana lys i s  

The l e v e l  of funding f rom a l l  sources f o r  these f i r s t  t h r e e  phases t o t a l e d  

$3,387,000 and r e s u l t e d  i n  the  i d e n t i f i c a t i o n  o f  a geothermal r e s e r v o i r  w i t h  h i g h  

c o m e r c i  a1 p o t e n t i  a1 . The Kapoho Geothermal Reservoi r  assoc iated w i t h  the  i n i t i a l  

w e l l ,  HGP-A, i s  one o f  t h e  h o t t e s t  hydrothermal systems i n  t h e  wor ld ,  and t h e  

q u a l i t y  o f  t h e  f l u i d  i s  e x c e l l e n t .  

f o r  i n s t a l l i n g  a 3.5 MWe generator  a t  t he  w e l l s i t e ,  and a p a r a l l e l  research program 
w i l l  be undertaken as Phase I V  o f  t h e  HGP. 

o n l y  Phases I, 11, and 111. 

cooperat ion among a l l  l e v e l s  o f  government, t h e  U n i v e r s i t y ,  and the  business 

community i n  assu r ing  t h e  success o f  t h i s  p r o j e c t .  
and i t s  predecessors, t h e  Energy Research and Development A d m i n i s t r a t i o n  and t h e  

Na t iona l  Science Foundation, have prov ided t h e  major f und ing  and much o f  t he  

t e c h n i c a l  i n p u t  f o r  t he  p r o j e c t .  The S t a t e  and County o f  Hawaii have c o n t r i b u t e d  
f i n a n c i a l ,  t e c h n i c a l ,  and moral support ,  as have t h e  u t i l i t i e s  and the  d r i l l i n g  
c o n t r a c t o r .  Consul tants and adv i so ry  groups f rom throughout t h e  State,  t he  

Mainland Un i ted  States,  and New Zealand have a l s o  a s s i s t e d  the p r o j e c t ,  w h i l e  

the  U n i v e r s i t y  has prov ided the  research and a d m i n i s t r a t i v e  focus. 

e f f o r t  w i l l  be d i r e c t e d  t o  r e t a i n  t h i s  l e v e l  o f  i n t e r a c t i o n  and cooperat ion,  as 

we move from R&D t o  demonstrat ion and, u l t i m a t e l y ,  t o  commerc ia l izat ion of 

geothermal resources i n  Hawaii .  

HGP and a b r i e f  r e p o r t  of t he  management and c o o r d i n a t i o n  a c t i v i t y .  

r e p o r t s  i n  t h i s  s e r i e s  p rov ide  the  s c i e n t i f i c  and t e c h n i c a l  r e s u l t s  and analyses, 

and a r e  l i s t e d  as f o l l o w s :  

An a d d i t i o n a l  $6,268,000 has been a l l o c a t e d  

However, t h i s  summary r e p o r t  covers 

A decided s t r e n g t h  o f  HGP f rom i t s  i n c e p t i o n  has been t h e  h i g h  degree o f  

The U.S. Department of Energy 

Cont inu ing 

This  summary document prov ides an overview of the f i r s t  f i v e  years o f  the 

A d d i t i o n a l  

0 i 
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Geosciences Reports 

"P re l im ina ry  Studies f a r  Geothermal E x p l o r a t i o n  i n  Hawaii , 1973-1975." 
"Geoelectric-Geothermal Exp lo ra t i on  on Hawaii I s l a n d :  P re l im ina ry  

"Geoe lec t r i c  Studies on t h e  East R i f t ,  K i lauea Volcano, Hawaii  I s l a n d . "  

"Hydrology and Geochemistry o f  a Hawaiian Geothermal System: HGP-A." 

"Model l ing o f  a Volcanic  I s l a n d  Geothermal Reservo i r . "  

"HGP-A Reservoi r Engi n e e r i  ng. I' 

Resul ts  . 'I 

Reservoi r Engineer ing Reports 

The m u l t i - d i s c i p l i n a r y  na ture  o f  t h i s  p r o j e c t  and t h e  independent preferences 

o f  t h e  major researchers a r e  i l l u s t r a t e d  by t h e  v a r i e t y  i n  p u b l i c a t i o n  format .  The 

four  geosciences r e p o r t s  appear as Hawaii  I n s t i t u t e  o f  Geophysics p u b l i c a t i o n s ,  
w h i l e  the  r e s e r v o i r  eng ineer ing  papers were prepared as HGP r e p o r t s .  Yet t o  be 

completed by Drs. Furumoto, He ls ley ,  Tqkahashi, Yuen, and o thers  i s  a summary 

document i n t e g r a t i n g  t h e  var ious  e x p l o r a t o r y  and s c i e n t i f i c  da ta  w i t h  observed 

cond i t i ons  encountered d u r i n g  t h e  d r i l l i n g  and w e l l  t e s t i n g  programs -- some which 

a re  s t i l l  i n  progress.  Th is  synthes is  r e p o r t  w i l l  be completed as p a r t  o f  t h e  
Phase I V  s tudy.  

Key personnel d u r i n g  t h e  f i ve -yea r  h i s t o r y  o f  t h e  p r o j e c t  have been: 

Agat in  T .  Abbot t  (deceased) , D i r e c t o r ,  Exper imental  D r i l l  i n g  Program, May 

August ine S.  Furumoto, D i r e c t o r ,  Geosciences Program, May 1973 - June 1976. 

Charles E .  He ls ley ,  D i r e c t o r ,  Geosciences Program s ince  J u l y  1976. 

Robert  M .  Kamins, D i r e c t o r ,  Environmental-Socioeconomics Program. 
Gordon A.  Macdonald (deceased), D i r e c t o r ,  Exper imental  D r i l l i n g  Program 

Barbara Z. S iegel  and Sanford M. S iege l ,  Co-Directors,  Geotoxicology 

Paul C .  Yuen, D i r e c t o r ,  Engineer ing Program. 

1973 - J u l y  1975. 

s ince  August 1975. 

Program. 

Un fo r tuna te l y ,  those o f  us on t h e  HGP have exper ienced t h e  severe l o s s  of two 

very ab le  col leagues -- both ou ts tand ing  gentlemen who have made major  c o n t r i b u -  

t i o n s  t o  t h e  p r o j e c t .  The "A"  i n  HGP-A, our  i n i t i a l  w e l l ,  stands f o r  Abbot t .  As  
a p a r t  of the  r e s e r v o i r  assessment program, we hope t o  d r i l l  another  successful 

s tep-out  w e l l  and designate i t  HGP-M f o r  Macdonald. 

l o  

John W. Shupe 
D i r e c t o r  
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OVERVIEW OF THE H A W A I I  GEOTHERMAL PROJECT 

May 1973 through June 1978 

The Hawaii Geothermal P r o j e c t  (HGP) was organized t o  focus t h e  m u l t i -  

d i s c i p l i n a r y  research resources o f  t h e  U n i v e r s i t y  o f  Hawaii on t h e  i d e n t i f i -  

c a t i o n  and u t i l i z a t i o n  o f  geothermal energy resources i n  Hawaii .  

o f  Hawaii i s  bo th  t h e  l a r g e s t  and youngest i n  t h e  i s l a n d  chain,  and i s  s t i l l  

growing from recen t  a c t i v i t y  o f  t h e  Mauna Loa and K i lauea volcanoes. There- 

f o r e ,  i t  i s  t h e  i s l a n d  w i t h  the  g rea tes t  amount o f  heat  a t  o r  near t h e  e a r t h ' s  

surface. 

f o r  i n i t i a l  geothermal e x p l o r a t i o n ,  w i t h  subsequent surveys t o  proceed 

throughout t h e  i s l a n d  chain. 

The B i g  I s l a n d  

Consequently, t h e  B i g  I s l a n d  was se lec ted  as t h e  approp r ia te  s i t e  

The HGP came i n t o  be ing  when t h e  1972 Hawaii S t a t e  L e g i s l a t u r e  a l l o c a t e d  

$200,000 fo r  geothermal research , con t ingen t  on the  U n i v e r s i t y  o b t a i n i n g  

matching federal  funds. Th is  was w e l l  be fore  t h e  Midd le  East o i l  embargo and 

r e s u l t i n g  energy c r i s i s ;  so was a progress ive  s tep  f o r  a s t a t e  l e g i s l a t u r e  t o  

take.  

segments o f  government, t he  U n i v e r s i t y ,  t h e  e l e c t r i c  u t i l i t y ,  and t h e  p r i v a t e  

sec to r .  

rece ived  t o  date, showing sources o f  f und ing  f o r  each of t h e  four  major 

phases o f  t he  p r o j e c t ,  i s  l i s t e d  i n  Table 1. 

From t h e  beginning t h i s  has been a coopera t ive  p r o j e c t  i n v o l v i n g  a l l  

A budget summary of t he  t o t a l  suppor t  o f  $9,655,000 t h a t  has been 

Research go t  underway i n  t h e  e a r l y  summer o f  1973, w i t h  separate programs 

es tab l i shed  f o r  Geophysics, Engineering, Environmental-Socioeconomics, and 

Experimental D r i l l i n g .  The major emphasis o f  Phase was on geophysical 

surveys, b u t  support  a c t i v i t y  was begun i n  t h e  o t h e r  programs as w e l l .  I t  

became ev iden t  i n  e a r l y  1974 t h a t  an e x p l o r a t o r y  d r i  l i n g  program would be 

0 
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Phase I -- Exploratory Surveys 
& Related Research (May 1973 
through April 1975) 

S t a t e  o f  Hawaii FY 72 
County o f  Hawaii FY 72 

ERDA FY 75 
Na t iona 1 Sc i en ce Foun da t i on 

Other Public & Pr iva te  Funds 

FY 73-74 

FY 72-75 
Subtotal  

Phase I1 -- Experimental Dr i l l ing ,  I n i t i a l  Well Testing, 
& Related Research (May 1975 through June 1976) 

ERDA 
St'ate o f  Hawaii 

FY 75-76 
FY 74 . .  , ,  

Water Resources Internat ional  FY 76 
Hawai ian Electric Company FY 75 

Phase I11 -- Well Testing ii Analysis 
(July 1976 through June 1978) 

Figures i n  $1000 
100 
100 
469 
119 
39 

$ 827 

1,472 
500 
60 

Sub t o  t a  1 $2,077 

ERDA 
ERDA - DOE 
S t a t e  o f  Hawaii 

Transi t ion Period 
FY 77 
FY 77 
Sub t o  t a  1 

Phase IV -- I n s t a l l a t i o n  o f  Wellhead Generator 
& Assessment o f  Kapoho Reservoir 
(July 1978 through Dec. 1980--Initial F u n d i n g )  

DO E 
S t a t e  of Hawaii 
County . .  - o f  Hawaii 

FY 78-80 
FY 78 
FY 78 

He1 co FY 78 
Sub t o  t a  1 

Total Funding t o  Date: 

A Breakdown of This Funding by Category Follows: 

Federal Support (NSF, ERDA,  DOE)  $8 , 220 , 000 
S t a t e  & County Support 1,272,000 Uti1 i t y  and Pr iva te  Funding 163,000 

Total $9,655,000 

147 
2 70 

66 - 
483 

5 , 743 
400 
100 
25 

L 6 268 
9 , 655 
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r e q u i r e d  t o  v e r i f y  t h e  subsurface c o n d i t i o n s  p r e d i c t e d  by the  surveys. 

I n i t i a l l y  i t  was t h e  i n t e n t  t o  proceed w i t h  m u l t i p l e  d r i l l i n g  o f  bo th  deep 

and shal low w e l l s ,  b u t  subsequent f i s c a l  r e s t r a i n t s  l i m i t e d  t h e  e x p l o r a t o r y  

d r i l l  i n g  "program" t o  one deep w e l l .  

The S i t e  S e l e c t i o n  Committee f o r  t h i s  w e l l  was c h a i r e d  by the  former 

D r .  Agat in  T. Abbott ,  a f t e r  whom t h e  w e l l  was u l t i m a t e l y  named -- HGP-A, f o r  

Abbott .  The committee considered a l l  geophysical ,  geo log i ca l ,  and geochemical 

evidence and se lec ted  as the  optimum s i t e  a l o c a t i o n  i n  t h e  Puna D i s t r i c t  near 

the eastern r i ft o f  K i lauea Volcano. 

d r i l l i n g  was a v a i l a b l e  near t h e  se lec ted  s i t e ,  and a f t e r  some n e g o t i a t i o n  w i t h  

landowners i n  t h a t  area, permission was ob ta ined  f rom t h e  Kapoho Land and 

Development Company t o  d r i l l  t h e  w e l l  on a fou r -ac re  p l o t  approximate y t h r e e  

m i l e s  southeast o f  Pahoa. F igu re  1 shows the  l o c a t i o n  o f  t h e  d r i l l  s t e ,  

a long w i t h  the  volcanoes and r i f t  zones on t h e  i s l a n d  o f  Hawaii .  

o f  t h i s  s i t e  i s  j u s t  under 600 f e e t  above sea l e v e l .  

No S t a t e  o r  County l a n d  s u i t a b l e  f o r  

The e l e v a t i o n  

S p e c i f i c a t i o n s  f o r  d r i l l i n g  were drawn up and i n v i t a t i o n s  t o  b i d  were sent  

i n  e a r l y  June 1975 t o  28 d r i l l i n g  companies on t h e  mainland, i n  Canada, and 

throughout the  P a c i f i c  area. The o n l y  b i d  submi t ted was by Water Resources 

I n t e r n a t i o n a l  Inc .  o f  Honolulu and, f o l l o w i n g  ex tens i ve  n e g o t i a t i o n s ,  t h e  

d r i l l i n g  subcontract  was l e t  i n  late-November 1975. 

c o n s u l t i n g  f i r m ,  KRTA, was commissioned t p  p rov ide  t e c h n i c a l  ass is tance and 

superv i s ion  o f  t h e  d r i l l i n g  ope ra t i on .  

A New Zealand geothermal 

D r i l l i n g  o f  t h i s  exper imental  w e l l  commenced on December 10, 1975. The w e l l  

was completed t o  a depth o f  6450 f e e t  on A p r i l  27, 1976. 

s t r a t a  were taken a t  approximately 700-foot i n t e r v a l s  and samples o f  c u t t i n g s  

were obta ined every f i v e  t o  ten f e e t  throughout d r i l l i n g .  The w e l l  was logged 

tw ice  w i t h  Gearhart-Owen equipment, which measured r e s i s t i v i t y ,  s e l f - p o t e n t i a l ,  

n a t u r a l  gamma r a y  and slow neutron count,  and cement bond. 

Cores o f  t he  subsurface 

Depth o f  l o g g i n g  was 

0 - 3- 



FIGURE 1 

Locations of HGP-A, Volcanoes and 
Rift Zones on the Island of Hawaii 

I 

f 

1 

20 O- 

156" 155" 



1 
0- 

IO 

IO 

0 

i o  

1 imi ted by h i  gh  downhol e temperatures. 

Below 4000 feet  the d r i l l i n g  mud began t o  h e a t  u p  rapidly,  and subsequent 

mud temperature measurements approached 600°F. 

suf f ic ien t ly  encouraging t o  j u s t i f y  i n s t a l l i n g  a s l o t t e d  l i n e r ,  flushing out the 

T h i s  h i g h  temperature was 

f o r  s i t e  prepara- 

ng  came t o  jus t  

mud, and conducting a well t e s t ing  program. The t o t a l  

t i on ,  d r i l l i n g ,  casing and preliminary r ig-assis ted we 

over $1.5 mill ion,  as summarized i n  Table 2 .  

budget 

1 t e s t  

Preliminary well t e s t ing  proceeded through the summer of 1976. T h e  well was 

f i r s t  flashed t o  steam and permitted t o  flow b r i e f ly  on July 2 .  

discharge of steam was impressive b u t  noisy -- roughly equivalent t o  t h a t  o f  a 

747 j e t  a i r c r a f t  a t  t a k e  o f f .  

on July 22 ,  verifying t h a t  some natural flow in to  the wellbore was taking place. 

The qual i ty  of the f l u i d  from HGP-A was generally good -- surprisingly low i n  

chloride content,  b u t  with s ign i f icant  amounts o f  s i l i c a .  

The r a t e  of 

Steam was discharged continuously f o r  f o u r  hours 

Because of the extremely high noise level generated d u r i n g  discharge a 

si lencer-separator was constructed before proceeding w i t h  a more comprehensive 

t e s t ing  program. 

we1 1 head temperature, pressure and other s c i e n t i f i c  measurements recorded 

throughout. Subsequently, instrumentation and prpcedure were perfected f o r  

o b t a i n i n g  downhole temperature and pressure measurements while the well was 

discharging steam. Temperature and pressure p ro f i l e s  throughout the f u l l  6450- 

foot well depth were obtained durina a six-day flow t e s t  conducted in mid- 

December, followed by a determination of the pressure build-up a f t e r  the well 

was shut i n .  

A two-week flow t e s t  was performed from November 3 t o  1 7  w i t h  

Because the steam qual i ty  i s  so  h i g h ,  the i n i t i a l  s i lencer  was only p a r t i a l l y  

successful,  and  objections t o  the noise level continued to  be raised by families 

in the area.  I n  l a t e  December a n d  ear ly  January, additional muffling and 

l o  - 5- 
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TABLE 2 

HGP-A 

COST OF SITE PREPARATION, DRILLING, 

AND R I G  ASSISTED WELL TESTING 

S i t e  Preparation, Water Reservoir, and Ce l l a r  $ 45,496 

Mobi 1 i zat ion  120,192 

Labor and Rig Time 733,830 

673,995 

16,486 

9,615 . 

Consumable Mater ia ls  and Misc. Services 

E l e c t r i c  Logging , 

Demo b i 1 i z a t i on 

SUBTOTmL $ 1,599,614 

96,143 Less Cred i t  fo r  Returned Consumables 

NET COST OF HGP-A $ 1,503,471 

Less Rig Rental Time Donated by WRI 60,000 
.I 

TOTAL COST OF HGP-A TO THE PROJECT $ 1,443,471 

0 - 6- 
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s t i f f e n i n g  were b u i l t  i n t o  t h e  s i l e n c e r ,  a f t e r  which a s e r i e s  o f  t h r o t t l e d  f l o w  

t e s t s  was conducted t o  p rov ide  a b e t t e r  assessment o f  t h e  w e l l  and t o  o b t a i n  

p r e l i m i n a r y  design data f o r  a wel lhead generator.  

i n a r y  t e s t s  were s u f f i c i e n t l y  encouraging t h a t  a 90-day f l o w  t e s t  was planned 

t o  begin i n  l a t e  March. However, t h e  nuisance e f f e c t  o f  bo th  t h e  no ise  and the 

The r e s u l t s  of these p r e l i m -  

hydrogen s u l f i d e  emissions, combined w i th  t h e  f a c t  t h a t  t h e  pressure-t ime 

curves f o r  t he  w e l l  seemed t o  s t a b i l i z e  e a r l y ,  l e d  t o  t h e  t e r m i n a t i o n  o f  t h e  

t e s t  a f t e r  s i x  weeks on May 9. 

Test  r e s u l t s  show t h a t  HGP-A i s  one o f  t he  h o t t e s t  geothermal w e l l s  i n  t h e  

world; t h e  h i g h e s t  downhole temperature encountered has been 676OF. 

i n d i c a t e s  t h a t  t h e r e  i s  s i g n i f i c a n t  n a t u r a l  two-phase f l o w  i n t o  t h e  wel lbore,  

and t h a t  HGP-A should m a i n t a i n  a reasonable f l o w  r a t e  o f  h i g h  q u a l i t y  f l u i d  f o r  

t h e  30-year l i f e  expectancy o f  a generat ing p l a n t .  The Kapoho Geothermal F i e l d  

associated with t h i s  f i r s t  successsful  geothermal w e l l  i n  Hawaii may have a 

capac i t y  o f  as much as 500 MW o f  e l e c t r i c a l  energy f o r  100 years.  

e x h i b i t s  g r e a t  economic p o t e n t i a l  f o r  t he  I s l a n d  and f o r  t he  S t a t e  of Hawaii .  

We1 1 t e s t i n g  

Therefore,  i t  

The e a r l y  i n s t a l l a t i o n  o f  a wel lhead generator,  both t o  p rov ide  power f o r  t he  

B i g  I s l a n d  e l e c t r i c  g r i d  and t o  o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  on t h e  na tu re  and 

the  e x t e n t  of t h e  geothermal resource, was the  nex t  l o g i c a l  s tep  f o r  developing 

t h e  f i e l d ,  

To t h i s  end a consort ium, t h e  HGP-A Development Group (HGP-A/[)G) was formed 

w i t h  t h e  r e s p o n s i b i l i t y  f o r  c o n s t r u c t i n g  and opera t i ng  an e l e c t r i c a l  generat ing 

p l a n t  us ing  the  steam from HGP-A. 

as the  l e a d  agency, t h e  County o f  Hawaii ,  and t h e  U n i v e r s i t y  o f  Hawaii through 

the  Hawaii Geothermal P r o j e c t .  Because o f  l e g a l  1 i m i t a t i o n s ,  n e i t h e r  t h e  Hawaii 

E l e c t r i c  L i g h t  Company (HELCO) on the  B i g  I s l a n d  tior t h e  pa ren t  o rgan iza t i on ,  t h e  

Hawaiian E l e c t r i c  Company (HECO) o f  Honoly lu,  a re  f u l l  members o f  t h e  HGP-A/DG; 

b u t  bo th  u t i l i t i e s  a re  a c t i v e  p a r t i c i p a n t s  i n  the  program. 

The consort ium c o n s i s t s  o f  t h e  S t a t e  o f  Hawaii 

0 
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Negot ia t ions  between t h e  HGP-A/DG and t h e  U.S. Department o f  Energy were 

completed on June 9, 1978, w i t h  the  s i g n i n g  o f  a four -year  $6,751,014 c o n t r a c t  

t o  i n s t a l l  and operate a 3.5 MWe wel lhead generator .  A breakdown o f  t h e  f i g u r e  

i s  as f o l l o w s :  

$5,743,256 Department o f  Energy (DOE) 
400,000 S ta te  o f  Hawaii 
100,000 County o f  Hawaii 

482,758 
25,000 HELCO-HECO 

Est imated revenue f rom t h e  genera t ion  and 
s a l e  o f  e l e c t r i c i t y  t o  HELCO 

$6,751,014 To ta l  

Cur ren t  schedul ing c a l l s  f o r  e l e c t r i c i t y  f rom geothermal energy t o  f i r s t  come 

on l i n e  i n  Hawaii i n  J u l y  1980. While t h e  pr imary  goal o f  t h e  p r o j e c t  i s  t o  

generate e l e c t r i c i t y ,  t h e  f a c i l i t y  w i l l  a l s o  i n c l u d e  a v i s i t o r  i n f o r m a t i o n  cen te r  

and p r o v i s i o n s  t o  conduct r e s e r v o i r  assessment experiments, t o  t e s t  new geothermal 

devices and t o  i n v e s t i g a t e  n o n - e l e c t r i c  u t i l i z a t i o n  o f  t h e  resource.  

w i l l  be admin is tered f o r  t he  HGP-A/DG by the  Research Corpora t ion  o f  t he  U n i v e r s i t y  

o f  Hawaii (RCUH) . 
t o  undertake design and c o n s t r u c t i o n  management o f  t he  generator .  

The p r o j e c t  

Rogers Engineer ing,  I nc .  o f  San Franc isco has been se lec ted  

I n  a d d i t i o n  t o  ho ld ing  f u l l  pa r tne rsh ip  w i t h  t h e  S ta te  and County on the  

HGP-A/DG -- i n  which o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  wel lhead generator  program 

res ides  -- the  Hawaii Geothermal P r o j e c t  (HGP) w i l l  ma in ta in  i t s  separate i d e n t i t y  

and f u n c t i o n a l  r o l e .  

the  p r o j e c t  and w i l l  r e t a i n  r e s p o n s i b i l i t y  f o r  t h e  w e l l  t e s t i n g  and r e s e r v o i r  

assessment analyses throughout the  design, c o n s t r u c t i o n  and opera t i ona l  phases 

o f  t h e  program. Over and above t h e  r e l a t i v e l y  smal l  f i g u r e  o f  $218,000 l i s t e d  

i n  the  four -year  c o n t r a c t  f o r  r e s e r v o i r  assessment, HGP has j u s t  rece ived 

$100,000 from DOE (FY 78) f o r  t h i s  purpose and i s  a c t i v e l y  p e g o t i a t i n g  f o r  

subsequent suppor t  -- i n c l u d i n g  funds f o r  one o r  more s tep-out  w e l l s  t o  f a c i l i t a t e  

assessment o f  t he  Kapoho Geothermal Reservoi r  once opera t i on  o f  HGP-A commences. 

HGP w i l l  con t inue t o  serve as the  research component f o r  

io 
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I n  summary, the development of geothermal energy i n  Hawaii continues t o  

enjoy the s t rong  support of a l l  segments of government and the s c i e n t i f i c  

community. The 1978 Hawaii S ta te  Legislature passed enabling leg is la t ion  t o  

provide an additional $1,280,000 fo r  geothermal research, development and demon- 

s t r a t ion  on b o t h  e l e c t r i c  and non-electric applications.  

generator a t  Puna begins t o  feed the f i r s t  e l e c t r i c i t y  from geothermal energy 

i n t o  the B i g  Island gr id ,  as be t te r  understanding of the nature and extent 

of  the Kapoho Reservoir unfolds, as University geoscientists continue with 

resource assessments t h r o u g h o u t  the Island chain, and as private capi ta l  begins 

t o  accept i t s  recognized role in resource development, geothermal energy can 

make a s ign i f icant  contribution i n  Hawaii's quest t o  move from a position of near- 

to ta l  dependence for energy on imported o i l  t o  an appropriate level of energy 

self-suff ic iency through effect ive u t i l i za t ion  of i t s  indigenous natural energy 

resources. 

As the 3.5 MWe wellhead 

Q 
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THE HAWAI I  GEOTHERMAL PROJECT 

MANAGEMENT-COORDINATION 

A.  OVERVIEW OF PROJECT MANAGEMENT 

The Hawaii Geothermal P r o j e c t  has i n v o l v e d  more than  f o r t y  researchers 

The two and support  s t a f f  f rom throughout the  U n i v e r s i t y  o f  Hawaii system. 

major campuses on Oahu and t h e  B i g  I s l a n d  a r e  represented, a long w i th  over a 

dozen research i n s t i t u t e s  and academic u n i t s .  

agencies and t h e i r  s t a f f s  a re  d i r e c t l y  i n v o l v e d  i n  the  HGP, i n  a d d i t i o n  t o  

consu l tan ts  f rom the mainland Un i ted  States and New Zealand, e l e c t r i c  u t i l i t i e s ,  

engineer ing and d r i  11 i n g  subcontractors .  

both f o r  t h e  U n i v e r s i t y  and t h e  State,  e f f e c t i v e  c o o r d i n a t i o n  among t h e  wide 

v a r i e t y  o f  t echno log ica l ,  socioeconomic and p o l i t i c a l  i n t e r e s t s  a t  a l l  educa- 

t i o n a l ,  p r i v a t e  and governmental l e v e l s  i s  e s s e n t i a l .  The Management Program 

Many o f  t h e  S t a t e  and County 

Because o f  i t s  p o t e n t i a l  importance, 

was developed w i t h  these d i ve rse  i n t e r e s t s  i n  mind. 

P r i n c i p a l  I n v e s t i g a t o r  f o r  t h e  HGP and D i r e c t o r  o f  t h e  Management 

Program i s  John W .  Shupe, Dean o f  Engineer ing,  a s s i s t e d  by A d m i n i s t r a t i v e  

O f f i c e r  Diane Sakai. Charles E. Hels ley,  D i r e c t o r  o f  t he  Hawaii I n s t i t u t e  o f  

Geophysics, i s  Co-P.I. and coord ina to r  f o r  a l l  geosciences a c t i v i t y .  Paul C. 

Yuen, Associate Dean o f  Engineering, i s  D i r e c t o r  o f  t h e  w e l l  t e s t i n g  and 

r e s e r v o i r  engineer ing programs, and served as A c t i n g  D i r e c t o r  o f  HGP d u r i n g  t h e  

1977-78 academic year  w h i l e  D r .  Shupe was on leave o f  absence. 

and Yuen have d i r e c t  t echn iqa l  superv isory and budgetary a u t h o r i t y  f o r  t h e i r  

respec t i ve  programs. 

Both Drs. H e l s l e y  

To p rov ide  i n t e r a c t i o n  a t  the l o c a l  and n a t i o n a l  l e v e l s ,  t he  Na t iona l  

L i a i s o n  Board ( c o n s i s t i n g  o f  e leven o f  t h e  n a t i o n ' s  l e a d i n g  geothermal s c i e n t i s t s  

and engineers) and t h e  Hawai i Advisory Commi t t e e  (seventeen key rep resen ta t i ves  

o f  government , i n d u s t r y ,  t he  s c i  e n t i  f i c  communi t y  , and c i  t i  zens I groups, 

-10- 
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whose support i s  essent ia l  t o  development of geothermal power i n  Hawaii) were 

formed. 

evaluation session of the National Board was held i n  February, 1974, and a 

Members of these two groups a re  l i s t e d  i n  Tables 3 and 4.  T h e  i n i t i a l  

j o i n t  meeting of the national and local advisory committees was held February 

27-28, 1976, i n  Hilo, Hawaii. Prior t o  this past  year ,  the local advisory 

group has met on a semi-annual basis,  and will be reconsti tuted short ly  as a 

component of the Governor's Advisory Committee on Alternate Energy Development. 

The co l lec t ive  i n t e r e s t ,  advice and support o f  both groups over the years has 

been a decided asse t  t o  the HGP. 

Close l ia i son  has been maintained w i t h  a l l  four congressional delegates,  

who are  kept informed of the progress o f  the HGP. Excellent support, informa- 

t ion and advice a re  provided by our congressional delegates on any shifts  i n  

organizational s t ructure  and f u n d i n g  philosophy of federal agencies. 

Local i n t e re s t  in the HGP has been h i g h .  Encouragement, endorsement, 

ass is tance,  and/or interact ion has taken place w i t h  the following organiza- 

t ions ,  many of whom are  represented on the Advisory Committee. 

S ta te  Departments and Offices 

Department of Planning and Economic Development 
Department of Land and Natural Resources 
Department of the Attorney General 
Office of Energy Resources 
Office of Science Policy 
Office o f  Marine Affairs 
Office of Environmental Qual i ty  Control 
S ta te  Task Force on Energy Policy 

S ta te  Legislature 

Senate Committee on Energy and Natural Resources 
Senate Ways and  Means Committee 
House Committee on Energy and Transportation 
House Finance Committee 

County of Hawaii 

The Mayor's Office 
Department of Research and Development 
Hawaii County Counci 1 

a -11- 
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TABLE 3 

HGP NATIONAL LIAISON BOARD 

Mr. David N. Anderson, Geothermal Officer 
State of California Resources Agency 
Department of Conservation 
Division of Oil and Gas 
1416 Ninth Street, Room 1316-35 
Sacramento, California 95814 

Mr. Ritchie B. Coryell , Program Manager 
Advanced Geothermal Energy Research 

National Science Foundation 
1800 G. Street, N.W. 
Washington, D.C. 20550 

& Technology 

Dr. George V .  Keller, Professor 
Geophysics Department 
Colorado School of Mines 
Golden, Colorado 80401 

Dr. Paul Kruger 
Professor of Civil Engineering 
School of Engineering 
Stanford University 
Stanford, Cal i forni a 94305 

Dr. James T. Kuwada 
Rogers Engineering Company, Inc. 
1 1 1  Pine Street, Sixth Floor 
San Francisco, California 94111 

Dr. Wi 1 1  iam R. McSpadden, Manager 
Math & Physics Research Section 
Battelle Pacific Northwest 

Laboratories 
Post Office Box 999 
Ri chl and, Was hi ngton 99352 

Dr. Henry J. Ramey, Jr. 
Professor of Petroleum Engineering 
School o f  Earth Sciences 
Stanford University 
Stanford, Cal ifornia 94305 

Dr. Robert W. Rex 
President 
Republic Geothermal, Inc. 
11823 East Slauson Avenue, Suite 

One 
Santa Fe Springs, California 

90670 

Dr. John C. Rowley 
University of California 
Los Alamos Scientific Laboratory 
Post Office Box 1663 
Los Alamos, California 87545 

Dr. John W. Salisbury 
Program Manager 
Di vi si on of Geothermal Energy 
Energy Research and Development 

20 Massachusetts Avenue, N.W. 
Washington, D.C. 20545 

Administration 

Dr. Donald E. White 
Geothermal Research Program 
U.S. Department of the Interior 
Geological Survey, Branch o f  Field 

Geochemistry and Petrology 
345 Middlefield Road 
Menlo Park, California 94025 

0 

0 
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Ms. Sophie Ann Aoki 
Life of the Land (Environmental Program) 
404 Piikoi Street, Suite 209 
Honol ul u, Hawai i 9681 4 

Mr. Christopher Cobb 
Chairman of the Board 
Department of Land and Natural Resources 
State of Hawaii 
Post Office Box 621 
Honolulu, Hawaii 96809 

Mrs. Alma Cooper 
Pres i dent 
Congress of the Hawaiian People 
163 Kaiulani Street 
Hilo, Hawaii 96720 

Dr. John P. Craven 
Dean 
Marine Programs 
University o f  I-lawai i 
Holmes Hall 401 
Honolulu, Hawaii 96822 

Mr. Robert F. Ellis 
President 
Chamber of  Commerce of Hawaii 
Dillingham Transportation Building 
Honolulu, Hawaii 96813 

Mr. Clarence W .  Garcia, Director 
Department o f  Research and Development 
County o f  Hawaii 
25 Aupuni Street 
Hilo, Hawaii 96720 

Dr. Eugene M. Grabbe 
Manager 
Hawaii Geothermal Energy Policy Project 
State Department of Planning and 

Post Office Box 2359 
Honolulu, Hawaii 96804 

Econonii c Development 

Mr. Robert H. Hughes 
Senior Vice President 
C. Brewer and Company, Ltd. 
Post Office Box 3470 
Honolulu, Hawai i 96801 

Mr. Hideto Kono, Director 
Department of P1 anni ng and Economi c 

Development 
State of Hawaii 
Post Office Box 2359 
Honol ul u, Hawai i 96804 

Dr. Richard Marland, Director 
Governor's Office of Environmental 

550 Halekauwila Street, Third Floor 
Honol ul u, Hawai i 9681 3 

Qual i ty Control 

Mr. Herbert T. Matayoshi 
Mayor 
County of Hawaii 
25 Aupuni Street 
Hilo, Hawaii 96720 

Dr. Howard P. McKaughan 
Director of Research 
Uni versi ty of Hawai i 
Spalding Hall 360 
Honol ul u, Hawai i 96822 

Dr. Edwin H. Mookini 
Acting Chancellor 
University of Hawaii - Hilo Campus 
1643 Kilauea Avenue 
Hilo, Hawaii 96720 

Mr. Herbert M. Richards, Jr. 
Board of Regents 
University o f  Hawaii 
Box 837 
Kamuela, Hawaii 96743 

Dr. Robert I. Tilling 
Scientist-in-Charge 1 

Hawaiian Volcano Observatory 
U.S. Geological Survey 
Hawaii National Park, Hawaii 96718 

Mr. Carl H. Williams, President 
Hawaiian Electric Company 
Post Office Box 2750 
Honol ul u, Hawaii 96803 

Dr. George P. Woollard, Director 
Hawaii Institute of Geophysics 
University of Hawaii, HIG 131 
Honolulu, Hawai i 96822 
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Hawai i an  Electr ic  Company ( H E C O )  of Honolulu 
Hawaii Electr ic  L i g h t  Company ( H E L C O )  of Hilo 

Business and Industrial  Concerns 

AMFAC 
Bishop Estate 
Campbell Estate 
C .  Brewer and Company, Ltd.  
Pacific Resources International 
Honolulu Chamber of Commerce 
Water Resources International 
Hi 1 o Chamber o f  Commerce 
Geothermal Exploration and Development Corporation 

B .  PHASE I ,  EXPLORATORY SURVEYS AND RELATED RESEARCH 

May 1973 through April 1975 

During Phase I o f  the HGP the Management Program provided the following: 

( 1 )  coordination of  a c t i v i t i e s  among the research programs; ( 2 )  administrative 

services t o  a s s i s t  w i t h  implementation of the research; and (3)  promotional 

e f fo r t s  a t  the university,  s t a t e ,  and federal levels  t o  help assure adequate 

v i s i b i l i t y  and  support for the HGP.  

Under Principal Investigator John W .  Shupe there  were four Co-Principal 

Invest igators ,  each reponsible fo r  the planning and f o r  the d i r ec t  technical 

supervision of his research or service program, and who was assigned a 

separate budget for carrying o u t  his respective program. 

Geophysical Program -- Augustine 5. Furumoto, Professor of Geophysics 

Engineering Program -- Paul C .  Yuen, Associate Dean and Professor of 
Electr ical  Engineering 

Environmental -Socioeconomic Program -- Robert M. Kami ns , Professor 
of Economics 

0 

0 

Experimental Dril l ing Program -- Agatin T .  Abbott, Professor and 
Chairman of Geology and Geophysics 
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One of the major management decisions was whether and when to  proceed with 

a d r i l l i n g  program. 

of unanimity on this issue. 

cated tha t  funds could be used most e f fec t ive ly  i n  conducting geophysical 

surveys for  analysis and in te rpre ta t ion .  

t h a t  the volcano area of the Big Island is  one of the most extensively studied 

geological areas in the world, and tha t  d r i l l i n g  was essent ia l  t o  prove out 

theories and models based upon  geophysical-geological-geochemical data.  

From the ear ly  stages of the HGP,  there  had been a lack 

The proponents fo r  geophysical testing had advo- 

Dri l l ing proponents had countered 

I t  was the general consensus a t  the i n i t i a l  meeting of the National Liaison 

Board -- which was held in Hilo, Hawaii, i n  February 1974 -- t h a t  the HGP 

should move rapidly on planning fo r  a research d r i l l i n g  program. T h e  Board 

also endorsed the concept t h a t  a S i t e  Selection Committee be established t o  

advise on a l l  aspects of the d r i l l i n g  program. 

t o  es tabl ish t h i s  committee and coordinated i t s  a c t i v i t i e s .  

Dr. Abbott proceeded ef fec t ive ly  

The decision t o  proceed with a d r i l l i n g  program was strongly supported 

by the Hawaii Advisory Committee and ass is tance was provided by t h i s  g roup  

in obtaining an appropriation from the 1974 S ta te  Legislature of $500,000 f o r  

exploratory geothermal d r i l l i n g ,  contingent upon additional federal matching 

funds. 

I n i t i a l l y  the d r i l  

a n d  deep holes covering 

managers from NSF, a n d  

hole. 

ing program was planned a s  a se r ies  of intermediate 

mu1 t ip1 e s i t e s .  

a t e r  with ERDA, limited i n i t i a l  support t o  one research 

Subsequent negotiations wi t h  program 

0 
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C .  PHASE 11, EXPERIMENTAL DRILLING, INITIAL WELL TESTING, AND RELATED RESEARCH 
IO  

May 1975 through June 1976 

Federal and s t a t e  funds were i d e n t i f i e d  f o r  d r i l l i n g  o f  t h e  exper imental  

w e l l .  

c o n t r i b u t e d  $45,000 f o r  t h e  d r i  11 i n g  e f f o r t .  

I n  a d d i t i o n ,  Hawaiian E l e c t r i c  Company and Hawaii E l e c t r i c  L i g h t  Company 

The f i r m  o f  Kingston, Reynolds, Thom & A l l a r d i c e ,  L t d .  (KRTA) o f  New 

Zealand was se lec ted  t o  p rov ide  d i r e c t i o n  and s u p e r v i s i o n  t o  t h e  d r i l l i n g  program. 

KRTA has had ex tens i ve  exper ience w i t h  geothermal d r i l l i n g  i n  New Zealand, 

0 

0 

0 

t he  P h i l i p p i n e s ,  and Cen t ra l  America. The f i r m  was f i r s t  recommended t o  t h e  

HGP by M r .  Ken Brunot,  who served a t  one t ime as NSF program manager f o r  t h e  

HGP and was w e l l  aware o f  t h e  l i m i t e d  geothermal exper ience of p r o j e c t  s t a f f .  

Extens ive i n v e s t i g a t i o n  a t  t h e  U n i t e d  Nat ions Geothermal Conference i n  San 

Francisco i n  May, 1975 v e r i f i e d  M r .  B runo t ' s  recommendation, and an agreement 

was reached w i th  R.  Kingston, Managing D i r e c t o r  o f  KRTA, f o r  h i s  f i r m  t o  

p rov ide  geothermal c o n s u l t i n g  se rv i ces .  

I n v i t a t i o n s  t o  b i d  were sent  t o  28 p o t e n t i a l  d r i l l e r s  i n  t h e  mainland 

U . S .  and throughout the  P a c i f i c  area i n  e a r l y  June, w i t h  b i d  documents t o  

be opened July 1, 1975. The o n l y  b i d  submitted was from Water Resources 

I n t e r n a t i o n a l  (WRI) o f  Honolulu, t h e  f i r m  which had d r i l l e d  a 4137-foot research 

h o l e  i n  t h e  Hawaii Na t iona l  Park. The U n i v e r s i t y ,  a f t e r  thorough rev iew o f  

t h e  b i d  and upon t h e  favo rab le  adv ice o f  KRTA, recommended t h a t  i t  be 

approved, so t h a t  WRI c o u l d  begin t o  m o b i l i z e  f o r  t h e  p r o j e c t .  

On J u l y  31, 1975, f o l l o w i n g  a s h o r t  i l l n e s s ,  D r .  A g a t i n  Abbot t  passed 

away. 

D r .  Gordon A .  Macdonald, Senior Professor  o f  Geology and Geophysics, agreed 

t o  serve as Co-P.I. and D i r e c t o r  o f  t he  D r i l l i n g  Program. 

To he lp  f i l l  t h e  apprec iab le  v o i d  c rea ted  by D r .  A b b o t t ' s  death, 

0 
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Following four months of negotiations,  including a special t r i p  from 

New Zealand by Mr. Kingston t o  meet w i t h  federal audi tors ,  approval was 

obtained fo r  f ina l iz ing  the subcontract i n  mid-November. 

was dedicated on November 22,  1975 and d r i l l i n g  commenced on December 10. 

On April 27 ,  1976 the well was completed t o  a depth of 6,450 f e e t .  For 

de t a i l s  of the d r i l l i n g ,  the reader i s  referred t o  "Well Completion Report 

The d r i l l i n g  s i t e  

which was prepared by KRTA. 

Phase 11, the Management Program continued w i t h  i t s  coordination, 

ve and promotional duties as in Phase I .  In addi t ion,  Management 

responsibi l i ty  of administering the d r i l l i n g  program -- subcontract 

negotiations ; consul tan t  select ion and coordination ; refereeing d i  fferences 

among the consultant,  d r i l l e r  and the HGP; and monitoring d r i l l i n g  progress. 

HGP-A" , 

D u r i n g  

ni s t r a t  

assumed the 

D.  PHASE 111, WELL TESTING AND ANALYSIS 

July 1976 t h r o u g h  June 1978 

The wel l ,  HGP-A,  was f i r s t  flashed br ie f ly  t o  produce steam on July 2 ,  

1976. On July 22 steam was discharged continuously f o r  four hours, verifying 

tha t  natural f l u id  flow in to  the wellbore was taking place. The discharge of 

steam a t  supersonic velocity resulted in an extremely high noise leve l :  

readings of 120 ,  

DBA 

I n  order t o  proceed with a t es t ing  program, a s i lencer /separator  was 

ins ta l led  t o  muffle the noise and a l so  t o  separate the steam from the water, 

so t h a t  the amount of each component could be measured. I n  l a t e  December and  

ear ly  January, muffling and  s t i f fen ing  were added t o  the s i lencer  t o  reduce 

the noise fur ther ,  a f t e r  which a se r i e s  of t h ro t t l ed  flow t e s t s  was conducted 

t o  provide a be t te r  assessment of the wel l ' s  possible o u t p u t  and  t o  obtain 
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p r e l i m i n a r y  design data f o r  an e l e c t r i c a l  generator  which cou ld  be connected 

t o  t h e  w e l l  t o  produce e l e c t r i c i t y .  

Engineer ing"  , September 1978, f o r  d e t a i  1 s o f  we1 1 t e s t i n g  s tud ies  and r e s u l  t s  . 
The reader  i s  r e f e r r e d  t o  "HGP-A Reservo i r  

Much of t h e  a d m i n i s t r a t i v e  e f f o r t  d u r i n g  t h i s  phase r e l a t e d  t o  t h e  prepara- 

t i o n ,  submission and fo l low-up on t h e  proposal  submi t ted  t o  t h e  U.S. Department 

o f  Energy by t h e  HGP-A Development Group (HGP-A/DG) t o  i n s t a l l  a wel lhead 

generator  a t  t h e  t e s t  s i t e .  HGP-A/DG c o n s i s t s  o f :  

represented by H ide to  Kono, S ta te  Energy Resources Coord inator ;  2 )  The County 

o f  Hawai i ,  represented by  John Keppeler, Managing D i r e c t o r ,  County o f  Hawai i ;  

and 3)  The U n i v e r s i t y  o f  Hawaii  , represented by John Shupe, HGP D i r e c t o r .  

H ide to  Kono serves as Execut ive D i r e c t o r  o f  t h e  Development Group, w i t h  the  

S ta te  assuming t h e  l ead  agency r o l e .  

consortium, the  Hawaii  E l e c t r i c  L i g h t  Company and t h e  Hawaiian E l e c t r i c  Company 

a r e  a c t i v e  p a r t i c i p a n t s  i n  t h e  program. 

1 )  The S t a t e  o f  Hawai i ,  

Al though n o t  l e g a l  members o f  t h e  HGP-A/DG 

TRW, I n c .  was granted a $38,500 c o n t r a c t  by the  S t a t e  t o  a s s i s t  i n  

p repara t i on  o f  t h e  proposal  f o r  a wel lhead generator ,  w i t h  suppor t ing  research 

and t e s t i n g  f a c i l i t i e s .  Th is  proposal  f o r  e s t a b l i s h i n g  a "Geothermal E l e c t r i c  

and None lec t r i c  Research F a c i l i t y  U t i l i z i n g  t h e  HGP-A Well on t h e  I s l a n d  o f  

Hawai i "  was submi t ted t o  t h e  U.S. Department o f  Energy on A p r i l  6, 1977. 

D i f f e r e n t  types o f  wel lhead generators  were considered, a long w i t h  a l t e r n a t e  

p o s s i b i l i t i e s  f o r  r e i n j e c t i o n  and research c a p a b i l i t y .  

On August 1, 1977, D r .  John Shupe, t h e  HGP P r o j e c t  D i r e c t o r ,  began a 

leave o f  absence f rom t h e  U n i v e r s i t y  t o  spend a yea r  on an In tergovernmenta l  

Agreement assigned t o  t h e  o f f i c e  o f  t h e  A s s i s t a n t  Admin i s t ra to r  f o r  Solar ,  

Geothermal and Advanced Energy Systems i n  t h e  U.S .  Energy Research & Development 

Admin i s t ra t i on .  With t h e  fo rmat ion  o f  t h e  Department o f  Energy i n  October 1977, 

-18- 
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he became Sc ien t i f i c  Advisor to  the Assistant Secretary f o r  Energy Technology. 

I n  his absence, Program Directors Paul Yuen and Charles Helsley shared the 

responsibi l i ty  for administering HGP, w i t h  Dr. Yuen assuming the acting 

directorship of the Project.  

Dur ing  Phase 111, management a c t i v i t i e s  of the Director and Acting 

Director included: 

1 .  Over t h i r t y  t r i p s  t o  the Big Island t o  observe and advise on the 

project ,  confer w i t h  county o f f i c i a l s ,  and t o  discuss the project  w i t h  planning 

commissions and c i t izens  groups; 2. Par t ic ipat ion in  five mainland U.S. meetings 

and  conferences t o  discuss immediate and long-range aspects of the HGP,  including 

an ERDA-DGE coordinating group meeting; 

Hawaii Advisory Committee; 

the project t o  over a dozen governmental, s c i e n t i f i c  and c i t i zens  groups 

throughout the s t a t e ;  and 

3 .  Conducting a meeting of the HGP 

4.  Presentation of oral  reports on the s t a tus  of 

5. Discussions on the future  of geothermal energy 

i n  Hawaii w i t h :  

The S ta te  Energy Resources Coordinator 
County of Hawaii administrators 
County of  Hawaii council members 
S ta te  l eg i s l a to r s  
Hawaiian Elec t r ic  Company 
GEDCO , Natomas , Chevron 
Office of Naval Research 
TRW 
Rogers Engineering Company 
Batelle Pacif ic  Northwest Laboratories 
ERDA/DOE Division of  Geothermal Energy 
ERDA/DOE San Francisco Operations Office 

0 

0 
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E. PUBLICATIONS 

Pub l i ca t i ons  generated by the  Management Program through June 1978 

inc lude  : 

1. 

2.  

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

"The Hawaii Geothermal Pro jec t :  Q u a r t e r l y  Progress Report,'! nos. 1-4 
June 1, 1973 through June 30, 1974. 

Shupe, J . ,  "Geothermal Power f o r  Hawaii -- Phase I," Geothermics, Vol. 2, 
nos. 3-4, 1973, pp. 101-104. 

Shupe, J . ,  e t  a l . ,  "The Hawaii Geothermal P ro jec t :  Summary Report f o r  
Phase I , "  HGP Report, Honolulu, Hawaii, May 1975. 

Shupe, J . ,  e t  a l . ,  "The Hawaii Geothermal P ro jec t :  I n i t i a l  Phase I 1  
Progress Report," HGP Report, Honolulu, Hawaii, Feb. 1976. 

Shupe, J . ,  "Hawaii Geothermal P r o j e c t  Well A," Proc. F i r s t  N a t ' l  Geothermal 
Conf. , Palm Springs, 1976. 

Shupe, J . ,  e t  a1 . , "Geothermal Energy i n  Hawaii -- Hydrothermal Systems," 
Eleventh I.E.C.E.C. Transactions, 1976. 

Kingston, Reynolds , Thorn, A l l a r d i c e  (KRTA, Auckland, New Zealand) "HGP-A 
Well Completion Report," September 1976. 

Shupe, J . ,  e t  a l . ,  "Phase I 1 1  - Well Tes t ing  and Analysis:  Q u a r t e r l y  
Progress Reports," Nos. 1-3, Jan. 1 through J u l y  1, 1977. 

Shupe, J .  & Yuen, P., "Geothermal Energy i n  Hawaii -- Present and Future," 
f o r  p resenta t ion  a t  t he  Circum-Paci f ic  Energy & Mineral  Conference, Honolulu, 
August 2, 1978. 
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CHRONOLOGY OF THE HAWAI I GEOTHERMAL PROJECT (HGP) - : 
( A p r i l  1972 through June 1978) 

io 

0 

0 

0 A p r i l  1972 -- The Hawaii S ta te  L e g i s l a t u r e  a l l o c a t e d  $200,000 f o r  
geothermal research, con t ingen t  on Federal  matching funds, w i t h  $100,000 
o f  these funds t o  be admin is tered by t h e  County o f  Hawai i .  

0 May 1973 -- The Nat iona l  Science Foundat ion prov ided i t s  i n i t i a l  g r a n t  o f  
$252,000 t o  t h e  HGP and Phase I g o t  underway. 

Phase I -- The two-year p e r i o d  f rom May 1, 1973 through A p r i l  30, 1975 was 
t h e  e x p l o r a t o r y  geophysical  survey phase, w i t h  suppor t  f rom t h e  Engineer ing,  
Environmental and Socioeconomic Programs. 

e February 8 - 9, 1974 -- A t  t he  i n i t i a l  meet ing o f  t h e  HGP Na t iona l  L i a i s o n  
Board i n  H i l o ,  Hawai i ,  t h e r e  was general  consensus t h a t  HGP should estab-  
l i s h  a research d r i l l i n g  program as soon as poss ib le .  

0 May 1975 -- Based on geo log ica l  and geophysical  data,  t h e  S i t e  S e l e c t i o n  
Committee chose t h e  l o c a t i o n  f o r  t h e  f i r s t  research h o l e  near  t h e  Puna 
r i f t  zone o f  K i lauea Volcano, t h r e e  m i l e s  ESE o f  Pahoa, a t  an e l e v a t i o n  
of  approx imate ly  600 fee t  above sea l e v e l .  

Phase I 1  -- The research d r i l l i n g  program began on May 1, 1975, i n i t i a l l y  
-064,000 from ERDA, $500,000 f rom t h e  Sta te ,  and $45,000 from t h e  
Hawaiian E l e c t r i c  Company. L 

0 J u l y  1975 -- KRTA, New Zealand geothermal c o n s u l t i n g  f i r m ,  was se lec ted  
, t o  s p e c i f y  and superv ise the  d r i l l i n g  program. 

0 J u l y  1975 -- Water Resources I n t e r n a t i o n a l ,  Inc . ,  o f  Honolulu,  Hawaii, 
was chosen as d r i  11 i n g  c o n t r a c t o r .  

e July 31, 1975 -- Marked t h e  death o f  Dr. Aga t in  T. Abbott ,  Co-P.I. and 
Chairman o f  t h e  S i t e  S e l e c t i o n  Committee -- a g r e a t  personal  and 
pro fess iona l  l o s s  t o  t h e  P r o j e c t .  D r .  Gordon A. Macdonald, Senior  
Professor  o f  Geology, rep laced Ag as D i r e c t o r  o f  t h e  D r i l l i n g  Program. 

0 November 22, 1975 -- The ( I r i l l s i t e  was g iven the  t r a d i t i o n a l  Hawaiian 
ded ica t i on  and b less ing .  

e December 10, 1975 -- The w e l l  was spudded i n  and d r i l l i n g  commenced. 

0 February 27 - 28, 1976 -- J o i n t  meet ing o f  HGP Na t iona l  L i a i s o n  Board and 
Hawaii Adv isory Committee i n  H i l o .  

e A p r i l  27, 1976 -- D r i l l i n g  o f  HGP-A was completed t o  a depth of 6450 fee t  
and p r e l i m i n a r y  w e l l  t e s t i n g  w i t h  t h e  r i g  i n  p lace  was conducted. 
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Phase I11 -- July 1976 t h r o u g h  June 1978 involved well t e s t i n g ,  ana lys i s ,  
and planning f o r  development of the resource. 

July 2 ,  1976 -- Uti l iz ing  a i r l i f t i n g  t o  evacuate the cold water from the 
wellbore, i n i t i a l  f lashing of HGP-A was achieved and sustained b r i e f ly  
before s h u t t i n g  i n  the well. 

July 22 ,  1976 -- A four-hour flow tes t  was conducted during which extensive 
measurements were taken of various reservoi r  parameters. 

0 October 1976 - January 1977 -- A s i lencer l separa tor  was in s t a l l ed  and 
periodic flow tests conducted of up t o  two weeks duration. 

0 March 28 t o  May 9 ,  1977 -- A 1000-hour (42  day) flow tes t  was conducted; 
the tes t  was terminated when i t  appeared t h a t  the pressure time curve f o r  
the well had s t ab i l i zed .  

0 April 1977 -- The HGP-A/DG (Development Group) was organized w i t h  the 
S ta t e  ( lead agency), County and University, and a preliminary proposal 
fo r  a wellhead generator was submitted t o  ERDA. 

@ April 1 2 ,  1978 -- Governor Ariyoshi accepted the Environmental Impact 
Statement f o r  a Geothermal Research Stat ion u t i l i z i n g  HGP-A as  adequate 
for assessing the proposed project .  

0 May 1 9 ,  1978 --$The Geothermal Regulations f o r  the S t a t e  of Hawaii, approved 
by the Department of Land and Natural Resources, became e f f ec t ive .  

0 June 20, 1978 -- Marked the death of Dr. Gordon A.  Macdonald, Scientific 
Director of the HGP-A d r i l l i n g  program -- the second t r a g i c  loss  of a 
key HGP s t a f f  member. 

Phase IV -- July 1978 through 1980 -- a c t i v i t y  wil l  include i n s t a l l a t i o n  o f  
the we1 1 head generator and assessment o f  the Kapoho Geothermal Reservoir. 

0 June 1978 - -  Negotiations between DOE and HGP-A/DG were completed and a 
four-year wellhead generator contract  signed f o r  $6,268,256 of local and 
Federal support, p l u s  an agreement f o r  the u t i l i t y  t o  purchase an 
estimated $482,758 of e l e c t r i c i t y  generated by steam from the well during 
t h a t  period. 

0 
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