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I NSTRUMENTATI ON. AND TEST RESULTS FOR 
H A W A I I  GEOTHERMAL PROJECT'S HGP-A WELL 

Deane K iha ra ,  B i l l  Chen, P a t r i c k  Takahashi 
Co l l ege  o f  Engineer ing 

U n i v e r s i t y  o f  Hawaii  
Honolu lu ,  Hawaii  96822 

W i t h  t h e  complet ion o f  t h e  d r i l l i n g  o f  HGP-A and i n d i c a t i o n s  o f  
ext remely h i g h  bot tom h o l e  temperatures, t h e  n e x t  major phase i n  t h e  
Hawai i  Geothermal P r o j e c t  i s  a t e s t  and a n a l y s i s  program designed t o  
determine t h e  p r o p e r t i e s  o f  t h e  w e l l ,  t h e  f l u i d ,  and the  r e s e r v o i r .  
The program desc r ibed  below was fo rmu la ted  as a f i r s t  s t e p  t o  o b t a i n  
t h i s  i n f o r m a t i o n .  

The o b j e c t i v e s  o f  t h e  w e l l  t e s t  and a n a l y s i s  program a r e :  

1 .  Determine w e l l  and r e s e r v o i r  c h a r a c t e r i s t i c s .  
2. Obta in  data u s e f u l  f o r  d r i l l i n g  f u t u r e  w e l l s .  
3 .  Determine problem areas and p o s s i b l e  s o l u t i o n s  

4 .  Determine p o s s i b l e  environmental  problems. 
5 .  Remedy p o s s i b l e  s k i n  damage i n  w e l l .  

r e l a t i v e  t o  w e l l  p roduc t i on .  

D r i l l i n g  o f  HGP-A was completed on A p r i l  27, 1976. The s l o t t e d  
l i n e r  a t  t h e  bot tom o f  t h e  w e l l  was i n s t a l l e d  d u r i n g  t h e  p e r i o d  
May 27 t o  June 1 .  Water i n j e c t i o n  t e s t s  were completed on June 6 
u s i n g  t h e  mud pumps t h a t  were s t i l l  present  a t  the  d r i l l  s i t e .  
HGP-A has been f l ashed  f o u r  t imes f o r  v a r y i n g  pe r iods ,  once on 
J u l y  2, a second t ime  on J u l y  19 ,  a t h i r d  t ime  on J u l y  21 t o  check 
i n s t r u m e n t a t i o n ,  and then a longer  p e r i o d  o f  f o u r  hours on J u l y  22 
t o  o b t a i n  p r e l i m i n a r y  va lues f o r  wel lhead pressure and temperature,  
and t o t a l  mass f l o w  r a t e .  Beginning A p r i l  29, temperature and 
p ressu re  p r o f i l e s  i n  t h e  w e l l b o r e  have been ob ta ined  a t  v a r i o u s  
t imes,  and beg inn ing  August 19, water  a t  d i f f e r e n t  depths i n  w e l l -  
bore has been sampled i n  order to obtain chemical analyses o f  the 
wate r .  

The four-hour  w e l l  f l a s h i n g  on J u l y  22 was accomplished u s i n g  
t h e  wel lhead i n s t r u m e n t a t i o n  shown i n  F i g u r e  1 .  The s o n i c  f l o w ,  
l i p  pressure method o f  James1 was used t o  o b t a i n  t o t a l  mass f l o w  
w i t h  l i p  pressure be ing  measured a t  t h e  end o f  a v e r t i c a l  6" 

James, Russe l l ,  "Measurement o f  Steam-Water M ix tu res  D ischarg ing  
a t  t h e  Speed o f  Sound t o  t h e  Atmosphere." New Zealand Engineer ing,  
pp. 437-41,  October 1966. 
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d ischarge  tube.  I n  a d d i t i o n ,  an 8" d ischarge tube mounted h o r i -  
z o n t a l l y  was a l s o  f lowed f o r  a b r i e f  t ime.  Wellhead pressure  and 
temperature were ob ta ined  from a b leed l i n e  c o n t r o l l e d  by a 2" 
va l ve .  

Resu l ts  o f  t he  four -hour  f l a s h i n g  a r e  shown i n  F igu re  2 
which g i ves  we l lhead and l i p  pressure.  The l i p  p ressure  a t  t h e  
end o f  f o u r  hours was 23 p s i g ,  which corresponds t o  a mass f l o w  
o f  about 220,000 l b s .  per  hour ,  assuming a s p e c i f i c  en tha lpy  o f  
600 BTU per  l b .  Using t h i s  f i g u r e  f o r  s p e c i f i c  en tha lpy  and 
assuming a convers ion  e f f i c i e n c y  o f  15% leads t o  a usable e l e c t r i c  
power e q u i v a l e n t  t o  a l i t t l e  over  5 megawatts. . 

F igu re  3 a r e  p l o t s  o f  temperature versus depth and pressure  
versus depth f o r  HGP-A f o r  t h e  i n d i c a t e d  t imes a f t e r  t he  f l a s h i n g  
on J u l y  22, 1976. The temperature p r o f i l e  ob ta ined  one week a f t e r  
t he  f l a s h i n g  was f a i r l y  c l o s e  t o  e q u i l i b r i u m ,  except  t h a t  t h e  
p o r t i o n  o f  t h e  w e l l  t h a t  i s  cased cont inues  t o  decrease s l o w l y  i n  
temperature.  The temperature p r o f i l e s  a l s o  appear t o  i n d i c a t e  
t h a t  t h e  major  p r o d u c t i o n  r e g i o n  i s  p robab ly  between 3,500 and 
4,500 f e e t  and t h a t  a l esse r  producing zone o f  p robab ly  lower 
temperature may e x i s t  around 6,000 f e e t .  

The f o l l o w i n g  t e s t s  and analyses a r e  planned f o r  t h e  nex t  
per  i od : 

1 .  
2. 
3 .  
4. 
5. 
6 .  
7 .  
8. 
9 .  

Temperature and pressure  p r o f i l e s  
Susta ined long- term d ischarge 
V a r i a b l e  f l o w - r a t e  d ischarge 
Pressure drawdown and b u i l d u p  
Steam q u a l i t y  
Cold f l u i d  i n f l u x  
I n t e r f e r e n c e  t e s t s  us ing  obse rva t i on  wa te rwe l l s  
S c a l i n g  and c o r r o s i o n  e f f e c t s  o f  e f f l u e n t  
Chemical analyses o f  downhole water  samples 

F igu re  4 i s  a ske tch  o f  the  equipment and ins t rumen ta t i on  f o r  
t h e  d ischarge t e s t .  As shown, the  method invo lves  b a s i c a l l y  the  James 
techn ique f o r  measuring t o t a l  mass f l o w  w i t h  t w i n  cyc lone separa tors  
f o r  s i l e n c i n g  and separa t i on  o f  steam and water .  
w e i r  i s  used t o  measure the  l i q u i d  f l o w r a t e ,  p e r m i t t i n g  steam q u a l i t y  
and s p e c i f i c  en tha lpy  t o  be c a l c u l a t e d .  I n  a d d i t i o n ,  a c a l o r i m e t e r  
w i l l  be used t o  p r o v i d e  an independent measurement o f  the  s p e c i f i c  
en tha lpy .  A 2" t w i n  cyc lone sampler w i l l  be used t o  o b t a i n  gas and 
vapor samples f o r  chemical analyses and a recovery tube w i l l  be 
mounted on the  wel lhead t o  pe rm i t  temperature and p r o f i l e s  t o  be 
ob ta ined  d u r i n g  t h e  f l o w  t e s t .  

A 90' V-notch 

I n  o r d e r  t o  heat  up the  cas ing  s l o w l y  and prevent  damage, the  
w e l l  w i l l  be f lowed through the  2 - inch  b leed l i n e  w i t h  the  f l o w  

- 1  1 1 -  
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increased g r a d u a l l y  u n t i l  . f l a s h i n g  f l o w  i s  achieved.  Once the  temp- 
e r a t u r e s  o f  t he  system a r e  a t  o p e r a t i n g  l e v e l s ,  t e s t s  t o  determine 
the  p roduc t i on  c a p a c i t y  o f  HGP-A w i l l  be undertaken. Dur ing t h i s  
phase, t he  w e l l  w i l l  be a l lowed t o  f l o w  a t  va r ious  f r a c t i o n s  o f  
wide open f l o w .  Measurements taken d u r i n g  t h i s  s e r i e s  o f  t e s t s  
w i l l  a l l o w  de te rm ina t ion  o f  p roduc t i on  f l o w  r a t e  and steam f r a c  
as f u n c t i o n s  o f  we l lhead c o n d i t i o n s .  Th is  i n f o r m a t i o n ,  a long w 
chemical analyses o f  samples o f  steam, l i q u i d ,  and noncondensab 
gases, w i l l  a i d  i n  the  f u t u r e  s e l e c t i o n  o f  an energy convers ion  
system--whether i t  be a permanent u n i t  o r  a smal l  p o r t a b l e  u n i t  
t o  be used i n  c o n j u n c t i o n  w i t h  f u r t h e r  t e s t i n g  o f  HGP-A.  

I on 
t h  
e 

A longer  term, sus ta ined  d ischarge t e s t  w i l l  f o l l o w  f o r  t h e  
purpose o f  e s t i m a t i n g  r e s e r v o i r  c h a r a c t e r i s t i c s .  For t h i s  phase, 
t h e  w e l l  w i l l  b e . f l o w e d  a t  a cons tan t  r a t e  f o r  pe r iods  o f  two weeks 
o r  longer  and t r a n s i e n t  p ressure  measurements taken a t  t h e  bot tom 
o f  t he  w e l l .  The pressure  drawdown and bu. i ldup ( a f t e r  t he  w e l l  i s  
shut  i n )  da ta  w i l l  a l l o w  a rough es t ima te  o f  the  p e r m e a b i l i t y  and 
e x t e n t  o f  the  r e s e r v o i r  t o  be made. A lso  t o  be measured a r e  the  
c h a r a c t e r i s t i c s  o f  the  e f f  1 uent  ( temperature , speci  f i c  en tha lpy  , 
chemical compos i t ion ,  e t c . )  i n  o rde r  t o  de tec t  any changes i n  the  
produc ing  zones o r  a l l e v i a t i o n  o f  p o s s i b l e  s k i n  damage. 

I n  c o n j u n c t i o n  w i t h  these sus ta ined long- term d ischarges ,  
t h e  water  l e v e l s  o f  severa l  water  w e l l s  i n  the  immediate v i c i n i t y  
w i l l  be mon i to red .  Any measurable changes w i 1  be i nco rpo ra ted  
i n  the  e v a l u a t i o n  o f  the  r e s e r v o i r .  

Concurrent w i t h  the  we 
e v a l u a t i o n  phases, t e s t s  w i l  
and c o r r o s i o n  e f f e c t s  o f  the  
m a t e r i a l s  w i l l  be l oca ted  on 
beh ind  the  w e i r .  

1 p roduc t i on  t e s t  ng and r e s e r v o i r  

e f f l u e n t .  Specimens o f  va r ious  
the  separa to r  w a l l  and i n  t h e  l i q u i d  

be conducted t o  eva lua te  the  s c a l i n g  

Throughout the  course o f  t h e  w e l l  t e s t i n g  program, downhole 
water  samples and temperature and pressure  p r o f i l e s  w i l l  be taken 
d u r i n g  those i n t e r v a l s  when the  w e l l  i s  shut  i n  o r  i s  be ing  b l e d  
through the  2 - inch  b leed  l i n e .  

- 1  15- 
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