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ABSTRACT 

These p roceed ings  are a r e f l e c t i o n  of t h e  b u s i n e s s  
o f  t h e  Four th  Annual Geothermal Conference con- 
duc ted  by t h e  E lec t r i c  Power Research I n s t i t u t e  
which w a s  h e l d  a t  t h e  D e l  Monte Hyat t  House i n  
Monterey, C a l i f o r n i a ,  du r ing  June 24 - 26 ,  1980. 
E a r l i e r  meet ings  w e r e  h e l d  i n  Oregon, 1977; Taos, 
New Mexico, 1978; and Monterey, C a l i f o r n i a ,  1979. 

Ob jec t ives  of  t h i s  conference  w e r e  t o  exchange i n -  
format ion  and expe r i ence  on U . S .  and i n t e r n a t i o n a l  
geothermal  power p l a n t  development,  t o  p r e s e n t  
EPRI’s program and p r o j e c t  r e s u l t s ,  and t o  r e p o r t  
u t i l i t y  p r o j e c t s  and p l a n s .  
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PREFACE 

Amid shakey r e l i a n c e  on imported o i l ,  clamor f o r  
r e s o l u t i o n  o f  n u c l e a r  power i s s u e s ,  and u r g i n g  
o f  a coal-based energy economy, t h e  development 
of  geothermal  energy i s  moving q u i e t l y ,  a lmost  
u n n o t i c e d ,  and wi thout  f a n f a r e  i n t o  an e x c i t i n g  
and more mature phase. Genera t ion  of  commercial 
power from hydrothermal  ( h o t  w a t e r )  r e s o u r c e s  i s  
approaching  r e a l i t y .  For the  f i r s t  t i m e  i n  the  
United S t a t e s ,  e l e c t r i c i t y  genera ted  from "hot 
water" geothermal  r e s o u r c e s  was d e l i v e r e d  t o  an 
e l e c t r i c  power g r i d  i n  1979.  The honor of  t h i s  
achievement went t o  t h e  Magma Power Company and 
i t s  Eas t  Mesa, C a l i f o r n i a ,  b i n a r y  c y c l e  p i l o t  
p l a n t .  Union O i l  and Southern C a l i f o r n i a  Edi- 
s o n ' s  d i r e c t - f l a s h  p i l o t  p l a n t  a t  Brawley i s  n o t  
f a r  behind . ,  It is expected t o  s t a r t  d e l i v e r i n g  
power t o  t h e  e l e c t r i c  g r i d  sometime i n  1980. 
Other  hydrothermal  p l a n t s  a r e  i n  v a r i o u s  s t a g e s  
o f  d e s i g n  and p l a n n i n g ,  and t h e  number i s  
i n c r e a s i n g  . 
The Geysers p r o j e c t  i n  n o r t h e r n  C a l i f o r n i a  now 
has  an i n s t a l l e d  c a p a c i t y  of  800 MW(e) based on  
n a t u r a l  geothermal  steam. A s  the  c a p a c i t y  con- 
t i n u e s  t o  grow and a s  hydrothermal  power p l a n t s  
come i n t o  b e i n g ,  R&D p l a n n e r s  are beginning  t o  
t h i n k  more about  improvements f o r  t h e  second 
g e n e r a t i o n  of  geothermal  power p l a n t s .  A number 
o f  e n g i n e e r i n g  problems s t i l l  remain,  and t h e  
need f o r  improvement is d i c t a t e d  by economics, 
i n c r e a s e d  environmental  a c c e p t a b i l i t y ,  and a 
need f o r  b e t t e r  performance and r e s o u r c e  u t i l i -  
z a t i o n .  Even b e f o r e  t h e  p a i n t  on t h e  f i r s t  
hydro thermal  p l a n t  was d r y ,  the  c h a l l e n g e  t o  
improve t h e  technology w a s  c l e a r ,  and t h e  oppor- 
t u n i t y  t o  observe ,  measure, and ana lyze  the  
f i r s t  g e n e r a t i o n  a s  a p r e r e q u i s i t e  f o r  improving 
f u t u r e  systems w a s  obvious.  I t  seems incumbent 
upon t h e  i n d u s t r y  t o  l e a r n  as much as p o s s i b l e  
from the  f i r s t  g e n e r a t i o n  o f  geothermal  power 
p l a n t s  t o  a s s u r e  t h a t  subsequent  p l a n t s  are more 
e f f i c i e n t ,  envi ronmenta l ly  a c c e p t a b l e ,  and eco- 
nomica l ly  c o m p e t i t i v e  wi th  o t h e r  energy  s o u r c e s .  
It  was wi th  t h i s  idea  i n  mind t h a t  "Learning 
From Power P l a n t  P r o j e c t  Experience" was 
s e l e c t e d  as the  theme f o r  EPRI 's  Annual Geo- 
thermal  Meeting t h i s  y e a r .  The main o b j e c t i v e  
o f  the  workshop w a s  t o  examine p r o g r e s s  o f  
s e v e r a l  o f  t h e  more mature  power p l a n t  p r o j e c t s .  
A second o b j e c t i v e  was t o  examine the  key i s s u e s  
t h a t  are faced  by commercial geothermal  power 
p l a n t  p r o j e c t s  and,  f i n a l l y ,  t o  examine power 
p l a n t  p r o g r e s s  on t h e  i n t e r n a t i o n a l  s c e n e .  
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In  the  p a s t ,  EPRI's Geothermal Conference and 
Workshop has  been in tended  a s  a way of  s h a r i n g  
t h e  r e s u l t s  of  EPRI-sponsored r e sea rch  wi th  
i n d u s t r y ,  of exchanging r e s u l t s  of u t i l i t y -  
sponsored in-house r e s e a r c h ,  and of  addres s ing  
one o r  more key i s s u e s  of  c u r r e n t  i n t e r e s t .  
This same approach w a s  used t h i s  year .  As  the  
number of  u t i l i t i e s  w i th  s p e c i f i c  i n t e r e s t  i n  
geothermal  power p l a n t  p r o j e c t s  i n c r e a s e s ,  t h e  
importance of  t h i s  k ind  of  i n t e rchange  of  i d e a s  
a l s o  i n c r e a s e s .  

Vase1 Rober t s ,  P r o j e c t  Manager 
Advanced Power Systems Div i s ion  
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SESSION 1 

OPENING 



The fo l lowing  were p r e s e n t a t i o n s  a t  Sess ion  1 however 
there a r e  no t r a n s c r i p t s  a v a i l a b l e  f o r  p u b l i c a t i o n .  

Welcome Address 
David D. T i l l s o n ,  Washington P u b l i c  Power Supply System 
Chairman, EPRI  Geothermal Program Committee 

EPRI  P e r s p e c t i v e  
Vase1 W. Rober t s ,  Program Manager 

John E. Cumminqs, Department D i rec to r  

Keynote Address 
Gary Co t ton ,  Vice P r e s i d e n t  of Engineer ing  
San Diego G a s  & E l e c t r i c  Company 
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BACA GEOTHERMAL DEMONSTRATION 

POWER PLANT PROJECT 

SPECIAL REPORT 

Jack D. Maddox 
Public Service Company of New Mexico 

Post Office Box 2267 
Albuquerque, New Mexico, 87103, (505) 848-4870 

The objectives of the Project, in support of 
the overall goal to stimulate development of 
geothermal energy, are as follows: 

A. Demonstrate reservoir performance 
characteristics of a specific liquid- 
dominated hydrothermal reservoir. 

B. Demonstrate the validity of reservoir 
engineering estimates of reservoir 
productivity (capability and longevity). 

C. Demonstrate a conversion system tech- 
nology at commercial scale. 

D. Initiate development of a resource of 
large potential. 

E. Act as a "pathfinder" for the regulatory 
process and other legal and insti- 
tutional aspects of geothermal develop- 
ment. 

F. Provide a basis for the financial com- 
munity to estimate the risks and bene- 
fits associated with geothermal invest- 
ment s. 

G. Demonstrate social and economic accept- 
ability and the readiness of state-of- 
the-art technology for producing 
electric power from a liquid-dominated 
hydrothermal resource. 

The Project will be an integrated commercial- 
scale geothermal electric power generating 
plant which utilizes a liquid-dominated re- 
source. As such, it will include the geother- 
mal field system, fluid production equipment, 
fluid transmission system, steam separator 
system, electric generating plant, geothermal 
fluid treatment and spent fluid disposal 
facilities, and a tie-in to the electric 
utility transmission networks. 

In keeping with the Project objectives cited 
above, the Project will make use of existing 
technology to the maximum practicable extent, 
and no requirement for significant develop- 
ment of new technology is anticipated. 

The Project organization is shown in Figure 1. 

The Project Work Breakdown Structure (WBS) is 
shown in Figure 2 entitled "Geothermal Demon- 
stration Power Plant Work Breakdown Structure." 
There are three major WBS elements. WBS 1.1 
is the Well and Steam Production System. WBS 
1.2 is the Power Plant and Transmission Sys- 
tem. These WBS elements are Union's and PNM's 
responsibilities respectively on the Project. 
WBS 1.3 is the Data Gathering, Evaluation, and 
Dissemination Task delegated specifically to 
Participant. 

We would like to review three areas of the Pro- 
ject with you: WEE 1.2.1 Environmental 
Studies & Permits, WBS 1.2.2 Power Plant Design 
& Construction, and WBS 1.3 Data Gathering, 
Evaluation & Dissemination. Mr. Dave Sabo, 
PNM's Environmental Coordinator, will review 
developments under WBS 1.2.1 entitled 
"Environmental Considerations for a Geothermal 
Development in the Jemez Mountains of Central 
New Mexico," Mr. John Bowna, Bechtel Project 
Manager, will review the design engineering 
aspects of the power plant in "Shaping A 
Geothermal Power Plant," and Mr. Pete Sherwood, 
WESTEC Data Task Manager, will discuss WBS 1.3, 
"The Baca Data Dissemination Program." 

I 
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ENVIRONPENTAL CONSIDERATIONS FOR A GEOTHERMAL DEVELOPMENT 
I N  THE JEMEZ MOUNTAINS OF CENTRAL NEW MEXICO 

David G .  Sabo 

P o s t  O f f i c e  Box 2267 
Albuquerque, NM 87103, (505) 848-2008 

P u b l i c  S e r v i c e  Company of New Mexico 

The demonst ra t ion  n a t u r e  of  t h e  Baca Geo- 
thermal  P r o j e c t  and t h e  c o n t r a c t u a l  ar- 
rangements between P u b l i c  S e r v i c e  Company of  
New Mexico (PNM) and Union Geothermal 
Company of New Mexico (Union) w i t h  t h e  
Department of  Energy mandate on environ-  
mental  moni tor ing  e f f o r t  p r e v i o u s l y  n o t  s e e n  
f o r  a n  energy development of  t h i s  s i z e .  One 
of t h e  most o f t e n  s t a t e d  g o a l s  of t h e  Baca 
P r o j e c t  is t o  demonst ra te  t h e  a c c e p t a b i l i t y  
and v i a b i l i t y  of geothermal  energy i n  a n  
envi ronmenta l ly  r e s p o n s i b l e  mannner. I f  
t h i s  s t a t e m e n t  i s  t o  b e  fo l lowed,  t h e n  a 
program would have t o  b e  developed which 
would (1) i d e n t i f y  a l l  t h e  envi ronmenta l  
b a s e l i n e  parameters ,  (2)  monitor  them d u r i n g  
c o n s t r u c t i o n  and o p e r a t i o n ,  and (3) a l -  
l e v i a t e  any p o s s i b l e  n e g a t i v e  impacts .  The 
s i t u a t i o n  of t h e  Baca P r o j e c t  i n  t h e  Jemez 
Mountains of n o r t h - c e n t r a l  New Mexico o f f e r s  
a c h a l l e n g i n g  v e h i c l e  w i t h  which t o  demon- 
strate t h e  a c c e p t a b i l i t y  of geothermal  
energy.  A few of  t h e  r e a s o n s  f o r  t h i s  are: 
t h e s e  mountains are  one of  t h e  most h e a v i l y  
used r e c r e a t i o n a l  r e s o u r c e  areas i n  t h e  
state,  numerous p r e h i s t o r i c  people  u t i l i z e d  
t h e  canyons and have l e f t  c o n s i d e r a b l e  
a r c h e o l o g i c a l  r e s o u r c e s ,  t h e  mountains are 
home f o r  a number of i n d i v i d u a l s  who p r e f e r  
t h e i r  s e r e n i t y  t o  t h e  h u s t l e  and b u s t l e  of  
urban  d w e l l i n g ,  and f i n a l l y ,  t h e  mountains  
a re  cons idered  s a c r e d  by a number of l o c a l  
I n d i a n  t r i b e s ,  a few of  which u s e  t h e  moun- 
t a i n  top  as r e l i g i o u s  si tes.  

Both energy  development companies and t h e  
Department of  Energy s h a r e  a common g o a l ,  
t h a t  i s  t o  deve lop  t h i s  r e s o u r c e  b u t  a t  t h e  
same t i m e ,  t o  p r e s e r v e  and p r o t e c t  t h e  
environment as much as p o s s i b l e .  To some 
t h i s  may sound m u t a l l y  e x c l u s i v e ,  b u t  w e  
b e l i e v e  t h a t  t h i s  g o a l  can  b e  a t t a i n e d .  I 
w i l l  e l a b o r a t e  on t h i s .  

F i r s t  l e t  m e  g i v e  you a n  environmental  
overview of  t h e  Jemez Mountains. 

The mountains  r ise up from a s e m i a r i d  
d e s e r t  g r a s s l a n d  around i t s  f l a n k s  a t  5,300 
f e e t  t o  over  10,000 f e e t  i n  e l e v a t i o n .  The 
h i l l s  around t h e  b a s e  grade  r a p i d l y  from t h e  
g r a s s l a n d  and j u n i p e r  savanah t o  heavy 
c o n i f e r  f o r e s t s .  T h e  v e g e t a t i o n  types  found 
h e r e ,  b e s i d e s  t h e  g r a s s l a n d  and savanah,  are 
p inon- juniper  a s s o c i a t i o n s ,  a ye l low p i n e  

zone, a mixed c o n i f e r  zone, and f i n a l l y ,  a 
s p r u c e - f i r  f o r e s t  n e a r  t h e  top .  

Streams are abundant and t h e  New Mexico 
G a m e  and F i s h  Department s t o c k  t h e s e  w i t h  
rainbow and brown t r o u t .  Some of t h e  more 
remote waterways have good p o p u l a t i o n s  of 
n a t i v e  c u t t h r o a t  t r o u t .  

These mountains a l s o  h a r b o r  l a r g e  pop- 
u l a t i o n s  of  b i g  game i n c l u d i n g  mule d e e r ,  
e l k ,  b e a r ,  and mountain l i o n s .  Wild 
t u r k e y s  and grouse  may a l s o  o c c a s i o n a l l y  b e  
found . 
A s  might b e  expec ted ,  t h e  Jemez mountains 
r e c e i v e  s i g n i f i c a n t  amounts of  v i s i t o r  
usage from t h e  nearby c i t i e s .  People  from 
Albuquerque, approximately 45 m i l e s  away, 
probably are i n  t h e  v a s t  m a j o r i t y  b u t  even 
c l o s e r  are t h e  c i t i e s  of Santa  Fe, Espanola ,  
and Los Alamos. This  p l a c e s  over  500,000 
people  less t h a n  one hour  d r i v i n g  t i m e  away 
from t h e s e  mountains .  V i s i t o r s  go f o r  t h e  
h u n t i n g ,  f i s h i n g ,  backpacking,  camping, o r  
j u s t  t o  commune w i t h  n a t u r e .  Whatever 
t h e i r  r e a s o n s ,  many i n d i v i d u a l s  do go i n t o  
t h i s  area and they  are a l l  concerned w i t h  
t h e  f u t u r e  of t h e  Jemez Mountains and t h e  
p o t e n t i a l  impacts  geothermal  development 
may have on them. 

A t  t h e  summit of t h e  Jemez i s  a very  l a r g e  
v o l c a n i c  c a l d e r a  approximate ly  17  m i l e s  
a c r o s s ,  most of which i s  inc luded  i n  t h e  
p r i v a t e l y  owned Baca l o c a t i o n  1. With in  
t h i s  c a l d e r a  are t h r e e  l a r g e  meadows 
( V a l l e s  as they are c a l l e d  i n  S p a n i s h ) ,  
t h e  most famous of which i s  t h e  V a l l e  
Grande which many t r a v e l e r s  d r i v e  i n t o  t h e  
Jemez Mountains j u s t  t o  see. 

I n  t h e  southwest  c o r n e r  of t h e  Baca loca-  
t i o n  are a number of small v a l l e y s  which 
e x h i b i t  geothermal  c h a r a c t e r i s t i c s .  The 
landowner d r i l l e d  a few geothermal  t es t  
h o l e s  i n  s u l f u r  canyon. H e  t h e n  l e a s e d  t h e  
e n t i r e  Baca l o c a t i o n  t o  Union Geothermal 
Co. of New Mexico f o r  e x p l o r a t i o n  and 
p o s s i b l e  development. The development i s  
a t  hand and w i l l  occur  j u s t  t o  t h e  s o u t h  of 
t h e  o r i g i n a l  t es t  w e l l  i n  Redondo Canyon. 

This  canyon is  s i t u a t e d  below Redondo Peak, 
one of t h e  h i g h e s t  p o i n t s  i n  t h e  Jemez. It 
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has  a s m a l l  p e r e n n i a l  stream running  i t s  
e n t i r e  l e n g t h .  The stream e v e n t u a l l y  makes 
i t s  way t o  t h e  Jemez River ,  t h e  l a r g e s t  and 
most h e a v i l y  used stream i n  t h e  mountains .  
The canyon i s  q u i t e  s m a l l ,  b u t  houses  l a r g e  
numbers of e l k  and o t h e r  w i l d  game. Also 
found i n  t h i s  canyon i s  t h e  o n l y  known 
endemic s p e c i e s  i n  t h e  area, t h e  Jemez 
Mountain Salamander. This  salamander i s  
l i s t e d  as a t h r e a t e n e d  s p e c i e s  by New 
Mexico G a m e  and F i s h  on t h e i r  s tate l ist .  
It h a s  n o t  been l i s t e d  by U.S.  F i s h  and 
W i l d l i f e  S e r v i c e  b u t  w a s  c o n s i d e r e d .  To 
complete t h e  p i c t u r e  of t h i s  overview,  a n  
o c c a s i o n a l  p e r e g r i n e  f a l c o n  i s  a l s o  s e e n  
h e r e  p e r i o d i c a l l y , b u t  none are  known t o  be  
n e s t i n g  i n  c l o s e  proximi ty  t o  t h e  proposed 
p l a n t  s i t e .  

I n  t h e  mid-1970's Union Geothermal i n i -  
t i a t e d  e x p l o r a t o r y  d r i l l i n g  and i n  a 
s imul taneous  e f f o r t ,  undertook some envi -  
ronmental  s t u d i e s  t o  g a i n  a b a s e l i n e  on t h e  
area p r i o r  t o  any l a r g e  scale development. 
Included i n  t h e s e  s t u d i e s  w e r e  water 
q u a l i t y ,  b o t h  s u r f a c e  and s h a l l o w  a q u i f e r ,  
l i m i t e d  a i r  q u a l i t y  and meteorology,  and 
b i o t i c  ( i n c l u d i n g  endangered s p e c i e s ,  b i g  
game, and v e g e t a t i v e  mapping). 

When i t  became a p p a r e n t  t h a t  PNM and Union 
w e r e  going t o  b e g i n  development of t h i s  
r e s o u r c e ,  t h e  o r i g i n a l  s t u d i e s  w e r e  g r e a t l y  
expanded and new s t u d i e s  i n i t i a t e d .  New 
s t u d i e s  inc luded  land-use,  socioeconomics,  
a r c h e o l o g i c ,  stream ecology,  s o i l s ,  and 
computer g r a p h i c s  t o  s t u d y  impacts  of t h e  
power p l a n t  plume and t h e  t r a n s m i s s i o n  
l i n e .  

Various s t u d i e s  t o  i d e n t i f y  p o s s i b l e  
t r a n s m i s s i o n  l i n e  r o u t e s  w e r e  undertaken.  
P o s s i b l e  r o u t e s  were c a r e f u l l y  screened  i n  
a t y p e  of s i f t i n g  p r o c e s s  t o  f i n d  t h e  b e s t  
r o u t e s  from a n  e n g i n e e r i n g  and environ-  
mental  p e r s p e c t i v e .  

A s  t h e  f i n a l  r o u t e s  were b e i n g  s c r u t i n i z e d ,  
PNM conducted s t a t e - o f - t h e - a r t  p r e d i c t i v e  
a r c h e o l o g i c  surveys  and v i s u a l  computer 
mapping t o  f u r t h e r  assist i n  f i n a l  r o u t e  
s e l e c t i o n .  The p r e d i c t i v e  a r c h e o l o g i c a l  
survey  i d e n t i f i e d  zones of  d e n s i t y  f o r  t h e  
r e s o u r c e s  i n  t h e  whole mountain and t h e  
v i s u a l  mapping i d e n t i f i e d  t h e  l eas t  v i s i b l e  
p o i n t s  f o r  p o s i t i o n i n g  t h e  T-l ine.  

A l l  of  t h e s e  s t u d i e s  p l u s  a d d i t i o n a l  
environmental  d a t a  w e r e  u t i l i z e d  by DOE i n  
t h e  p r e p a r a t i o n  of t h e i r  Environmental 
Impact S ta tement .  From a number of al ter-  
n a t i v e s  i n  t h e  EIS, a f i n a l  r o u t i n g  of t h e  
T- l ine  was d e f i n e d  and should  s e r v e  as a 
model i n  p lanning .  

With t h e  f i n a l  approval  of t h e  Department 
of Energy ' s  EIS and a Record of Decis ion  t o  
proceed w i t h  t h e  P r o j e c t ,  a new phase 
b e g i n s  i n  t h e  Environmental Programs. The 
p r e v i o u s  s t u d i e s  o f f e r  a n  e x c e l l e n t  base-  
l i n e ;  now t h e  a c t u a l  c o n s t r u c t i o n  impacts  
must be  i d e n t i f i e d  and monitored.  The 
p a r t i c i p a n t s  (PNM/Union) proposed a p l a n  
f o r  DOE which inc luded  more moni tor ing  of 
t h e  p r e v i o u s l y  named programs. DOE a l s o  
i n d i c a t e d  t h e  need f o r  expanded programs 
beyond t h a t  which would normally be  con- 
ducted f o r  a p l a n t  of t h i s  s i z e .  To 
accomplish t h i s ,  a d a t a  s u b c o n t r a c t o r  
(Westec S e r v i c e s  I n c . )  w a s  s e l e c t e d .  They 
w i l l  supply  a d d i t i o n a l  environmental  
moni tor ing ,  n o t  of  a redundant  n a t u r e ,  b u t  
s t u d i n g  c r i t i c a l  components t o  a g r e a t e r  
degree .  

A b r i e f  review of t h e  c u r r e n t  moni tor ing  
program would be  a p p r o p r i a t e .  

AIR/METEOROLOGY 

I n t r o d u c t i o n  The Ambient A i r  Monitor ing 
Program f o r  t h e  Baca P r o j e c t  h a s  been 
c o n t r a c t e d  t o  Western S c i e n t i f i c  S e r v i c e s ,  
Inc .  (WSSI), a s u b s i d i a r y  of  Environmental 
Research and Technology, I n c .  Work done by 
WSSI i s  a d m i n i s t e r e d  by Ralph W i l l i a m s  of 
PNM. 

Methods and Materials Four moni tor ing  
u n i t s  w i l l  comprise  t h e  a i r  moni tor ing  
network: S t a t i o n a r y  U n i t s  1 and 2 and 
Mobile U n i t s  3 and 4 .  

S t a t i o n  1 w i l l  be  l o c a t e d  about  100 y a r d s  
t o  t h e  n o r t h e a s t  of t h e  proposed power 
p l a n t  s i t e  and w i l l  c o n s i s t  o f :  

A. A 200-foot m e t e o r o l o g i c a l  tower 
c a r r y i n g  t h e  fo l lowing:  

1. 

2. 

3 .  

4 .  

5. 

6 .  

7 .  

Telemetry gear  f o r  r e c o r d i n g  and 
t r a n s m i t t i n g  d a t a  r e c e i v e d  from 
mobile  U n i t s  3 and 4 .  

Windspeed r e c o r d e r s  a t  lorn, 30m, 
and 60m. 

Temperature r e c o r d e r s  a t  10m, 
30m, and 60m. 

Recorders  of tempera ture  d i f -  
f e r e n c e  between 10m and 60m. 

Dewpoint r e c o r d e r s  a t  10m, 30m, 
and 60m. 

S o l a r  r a d i a t i o n  r e c o r d e r  a t  10m. 

P r e c i p i t a t i o n  r e c o r d e r  a t  ground 
l e v e l .  
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B. A i r  chemis t ry  a n a l y z e r s  t h a t  i n c l u d e :  

1. One meloy H S a n a l y z e r  (285E). 

2 .  Two f low c o n t r o l l e d  TSP hi-volume 

2 

samplers .  

C .  Support  equipment f o r  s t a t i o n  which 
w i l l  i n c l u d e  t h e  fo l lowing:  

1. H e a t e d l a i r  c o n d i t i o n e d  s h e l t e r .  

2. A i r  sampling manifold.  

3. Ins t rument  r a c k s .  

4 .  Monitor l a b s  d a t a  l o g g e r  (9300) .  

5. Kennedy Model 9800 9- t rack  
r e c o r d e r .  

6.  Telemetry r e c e i v e r  and a n t e n n a .  

7 .  Sola  v o l t a g e  r e g u l a t o r .  

S t a t i o n  2 w i l l  be  l o c a t e d  n e a r  t h e  mouth of 
Redondo Canyon. It w i l l  b e  t h e  s i t e  f o r  
t h e  a c o u s t i c  sounder  f u r n i s h e d  by PNM. It 
s h a l l  i n c l u d e :  

A. Aerovironment Mono-static Acous t ic  
Sounder 

1. Antenna assembly:  f i b e r g l a s s  
p a r a b o l i c  r e f l e c t o r ,  t r a n s d u c e r ,  
and a c o u s t i c  e n c l o s u r e .  

2. P r e a m p l i f i e r .  

3. T r a n s m i t l r e c e i v e  and s i g n a l  
c o n d i t i o n i n g  c o n t r o l  u n i t .  

4 .  Recorder .  

5.  I n t e r c o n n e c t i n g  power l i n e s  and 
c a b l e s .  

B. Support  Equipment 

1. S h e l t e r  w i t h  h e a t  and a i r  condi- 
t i o n i n g .  

Mobile Uni t  3 i s  a moveable moni tor ing  
s t a t i o n s  c o n s i s t i n g  o f :  

A. M e t e o r o l o g i c a l  equipment 

1. One (1)  30-foot meteoro logica l  
tower.  

2. One (1) wind d i r e c t i o n  s e n s o r  a t  
t h i r t y  (30) f e e t .  

3. One (1)  wind-speed s e n s o r  a t  
t h i r t y  (30) f e e t .  

B .  A i r  Chemistry Equipment 

1. One (1)  meloy H2S a n a l y z e r  
(2853) . 

2.  One (1)  f low c o n t r o l l e d  TSP h i -  
volume sampler .  

C .  Support  Equipment w i l l  C o n s i s t  o f :  

1. H e a t e d l a i r  c o n d i t i o n e d  s h e l t e r .  

2 .  Propane o p e r a t e d  g e n e r a t o r  15 kW 
( f o r  s i tes  where power i s  n o t  
a v a i l a b l e ) .  

3. A i r  sampling mani fo ld .  

4 .  Ins t rument  r ack .  

5 .  Telemetry scanner  and t r a n s -  
m i t t e r .  

6 .  Three (3) s ing le-channel  s t r i p  
c h a r t  r e c o r d e r s .  

7 .  So la  v o l t a g e  r e g u l a t o r .  

Mobile U n i t  4 is  a moveable moni tor ing  
s t a t i o n  c o n s i s t i n g  o f :  

A. Meteoro logica l  equipment. 

1. One (1) t h i r t y  (30) f o o t  meteoro- 
l o g i c a l  tower. 

2 .  One (1)  wind d i r e c t i o n  s e n s o r  a t  
t h i r t y  (30) f e e t .  

3.  One (1)  wind-speed s e n s o r  a t  
t h i r t y  (30) f e e t .  

B. A i r  Chemistry Equipment 

1. One (1)  meloy H S a n a l y z e r  2 (285E) . 
2. One (1) f low c o n t r o l l e d  TSP h i -  

volume sampler .  

C .  Support  Equipment 

1. H e a t e d l a i r  c o n d i t i o n e d  s h e l t e r .  

2 .  A i r  sampling mani fo ld .  

3. Ins t rument  r a c k .  

4 .  Telemetry scanner  and t r a n s -  
m i t t e r .  

5.  Sola  v o l t a g e  r e g u l a t o r .  

A d d i t i o n a l  A i r  Monitor ing A d d i t i o n a l  pro- 
grams run  by PNM through WSSI i n c l u d e  a 15 
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l o c a t i o n  H S t a b  program and a program of  
p i l o t  b a l l o n  mini-sonde launches .  The 
mini-sondes are  launched twice  p e r  day f o r  
t h r e e  week p e r i o d s  each q u a r t e r  of y e a r .  

2 

WATER QUALITY MONITORING 

- I n t r o d u c t i o n  E x t e n s i v e  moni tor ing  on 
Redondo Creek a t  a s i t e  below Baca W e l l  1 2 ,  
which i s  e f f e c t i v e l y  down stream from both  
p l a n t  s i t e  and w e l l  f i e l d  w i l l  assess w a t e r  
q u a l i t y  impacts  due t o  t h e  p r o j e c t .  

A less e x t e n s i v e  watershed moni tor ing  
program w i l l  p r o v i d e  i n f o r m a t i o n  on what , i f  
any, e f f e c t  impacts  on Redondo Creek have 
i n  t h e  watershed .  

Purchase of  equipment, d a t a  r e d u c t i o n ,  and 
f i e l d  work r e l a t e d  t o  watershed  moni tor ing  
w i l l  be s u p e r v i s e d  by Lyle  R a e  Berger of 
Union. Maintenance of  Redondo Creek 
sampling s t a t i o n  w i l l  be  conducted by a 
t e c h n i c i a n ;  w a t e r  a n a l y s i s  w i l l  be  con- 
duc ted  by Albuquerque Assay L a b o r a t o r i e s .  

MEHTODS AND MATERIALS 

Redondo Creek Monitor ing The Redondo 
Monitor ing S t a t i o n  w i l l  i n c l u d e :  

1. A p a r s h a l l  flume f o r  f low measurement. 

2 .  Monitors  and r e c o r d e r s  f o r  f low,  pH, 
and temper a t u r  e .  

3. Composite sampler  f o r  water  chemis t ry  
samples .  

4 .  A s m a l l  s h e l t e r  t o  house equipment. 

Such a moni tor ing  system w i l l  r e q u i r e  d a i l y  
checking by a t e c h n i c i a n  who would a l s o  be 
r e s p o n s i b l e  f o r  l o g g i n g  of c o n s t r u c t i o n  
a c t i v i t i e s  and p e r t i n e n t  weather  condi- 
t i o n s .  

Water q u a l i t y  samples w i l l  b e  taken  on a 
f l e x i b l e  s c h e d u l e  and t r a n s p o r t e d  t o  
Albuquerque Assay Labora tory  f o r  a n a l y s i s .  

Watershed Moni tor ing  About 12 grab  samples 
should  b e  t a k e n  a t  each of  s i x  s i tes  i n  t h e  
Jemez Watershed throughout  t h e  year  on a 
f l e x i b l e  schedule .  F i e l d  n o t e s  a t  each  
sample s i t e  should  i n c l u d e  p e r t i n e n t  
weather  c o n d i t i o n s ,  f i e l d  pH, c o n d u c t i v i t y ,  
t empera ture ,  and f low rate.  A l l  samples 
w i l l  b e  t r a n s p o r t e d  t o  Albuquerque Assay 
Labora tory  f o r  a n a l y s i s .  Samples w i l l  b e  
c o l l e c t e d  i n  b o t t l e s  s u p p l i e d  by t h e  labo-  
r a t o r y  and f i e l d  prepped accord ing  t o  l a b  
i n s t r u c t i o n s .  

I n i t i a l l y  a n a l y s i s  should i n c l u d e  t h e  
fo l lowing:  

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

10. 
11. 
12 .  
13. 
1 4 .  
15. 
16 .  
17.  
18.  
19. 
2 0 .  
21. 
22 .  
23. 
2 4 .  

S p e c i f i c  Conductance 
PH 
TD S 
TSS 
A s  
H C 0 3  

B 
Ca 
c1 
F 
Fe ( t o t a l  and d i s s o l v e d )  

co 3 

Mg 
Hg 

NO 
N03 

K p u t  

S i 0 2  
N +  

s a 4  S 

O i l  and Grease 
BOD5 

This  l i s t  may be  r e v i s e d  as  i n f o r m a t i o n  
from previous  a n a l y s e s  become a v a i l a b l e .  

HYDROLOGY 

I n t r o d u c t i o n  Union w i l l  a d m i n i s t e r  a 
geothermal  groundwater moni tor ing  program 
s e p a r a t e  from Surface  Water Monitor ing.  
This  moni tor ing  w i l l  e v a l u a t e  t h e  e f f e c t s  
of withdrawal  of geothermal  f l u i d s  from t h e  
Caldera  r e s e r v o i r  on r e g i o n a l  groundwater .  
The groundwater moni tor ing  program w i l l  
f o l l o w  t h e  N e w  Mexico S t a t e  E n g i n e e r ' s  
program e s t a b l i s h e d  i n  1975. 

Water Resources A s s o c i a t e s ,  Inc .  (WRAI) h a s  
been c o n t r a c t e d  by Union t o  c o l l e c t  d a t a  
and a d m i n i s t e r  a n a l y s i s  of samples .  A f i e l d  
t e c h n i c i a n  and a l l  equipment w i l l  be  
s u p p l i e d  by WRAI. Lyle  Rae Berger of Union 
w i l l  a d m i n i s t e r  t h e  hydrology program. 

Methods and Materials Eight  t o  t e n  w a t e r  
q u a l i t y  sampling si tes w i l l  b e  e s t a b l i s h e d ;  
f o u r  t o  f i v e  s p r i n g s  w i l l  be measured f o r  
d i s c h a r g e ;  and seven t o  t e n  w e l l s  w i l l  be  
measured f o r  water l e v e l  ( o u t s i d e  pro- 
d u c t i o n  a r e a ) .  

Sample c o l l e c t i o n  w i l l  c o n c e n t r a t e  on 
s p r i n g s  and w e l l s  t o  t h e  West and South of 
t h e  Baca P r o j e c t  w i t h  a d d i t i o n a l  s e l e c t e d  
sample s i tes  l o c a t e d  on t h e  Baca Ranch 
l a n d s .  
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The f o l l o w i n g  s p r i n g s  w i l l  be  sampled f o r  
d i s c h a r g e  measurements and w a t e r  q u a l i t y  
a n a l y s i s  : 

1 .  

2. 

3. 

4 .  

5. 

6 .  

The 

McCauley Hot S p r i n g s  (USFS) 

San Antonio Hot S p r i n g s  (two sample 
s i t e s )  

Soda Dam (two sample s i t e s )  

Spense S p r i n g  

S u l f u r  S p r i n g s  

San Antonio Warm S p r i n g s  l o c a t e d  on 
Baca Ranch 

fol lowng w e l l s  w i l l  b e  measured f o r  
w a t e r  depth;  

1. 

2. 

3 .  

4 .  

5. 

Glass Wel l - -pr iva te ly  owned, l o c a t e d  
on  Thompson Ridge. 

Three (3) Hofheins  Wel l s - -pr iva te ly  
owned, l o c a t e d  a t  L a  Cueva. 

F o r e s t  S e r v i c e  Well--located a t  
Horseshoe S p r i n g s .  

Four L o s  Alamos S c i e n t i f i c  Labora tory  
geothermal  t e m p e r a t u r e s  test  Wells A ,  
B, C .  D. 

Baca Ranch Wells--previously t e s t e d .  

AQUATIC ECOLOGY STUDY 

I n t r o d u c t i o n  PNM and Union w i l l  c o n t r a c t  a 
cont inuous  a q u a t i c  ecology survey  w i t h  
M r .  S t e v e  Ziser. of t h e  U n i v e r s i t y  of New 
Mexico. The s t u d y  may b e  renewed f o r  y e a r s  
d u r i n g  and a f t e r  major c o n s t r u c t i o n  ac- 
t i v i t i e s .  

Methods A minimum of t h r e e  c o l l e c t i n g  
sites w i l l  b e  chosen w i t h i n  t h e  s t u d y  area 
w i t h  t h e  f o l l o w i n g  parameters  b e i n g  i n -  
v e s t i g a t e d :  

1. The physico-chemical  c h a r a c t e r i s t i c s  
of  water v e l o c i t y f d i s c h a r g e ,  d i s s o l v e d  
oxygen, f r e e  carbon d i o x i d e ,  c a r b o n a t e  
and b i c a r b o n a t e  a l k a l i n i t y ,  conduc- 
t i v i t y ,  water tempera ture ,  t u r b i d i t y ,  
suspended s o l i d s ,  d i s s o l v e d  s o l i d s ,  
pH, t o t a l  n i t r o g e n ,  and t o t a l  phos- 
phorus w i l l  be measured a c c o r d i n g  t o  
s t a n d a r d  l i m n o l o g i c a l  procedures .  

2. Stream s u b s t r a t e  d i v e r s i t y  as a n  
i m p o r t a n t  faCtBr i n  r e g u l a t i n g  t h e  
d i s t r i b u t i o n  and abundance o f  t h e  
a q u a t i c  fauna  w i l l  b e  measured by 

mapping s u b s t r a t e s  a c c o r d i n g  t o  s i z e  
of t h e  exposed s u r f a c e s .  F i v e  rep-  
l i ca t e  s q u a r e  f o o t  areas w i l l  b e  
mapped a t  each sampling s i t e .  
index  of s u b s t r a t e  d i v e r s i t y  w i l l  b e  
c a l c u l a t e d  f o r  each s i t e  (Shannon and 
Weaver 1963). 

Aquat ic  macrophytes w i l l  be  i d e n t i f i e d  
t o  s p e c i e s  from c o l l e c t i o n s  made a t  
each s i te .  

An 

3. 

4 .  Major components of t h e  p e r i p h y t o n  
community w i l l  b e  i d e n t i f i e d  t o  
genus.  

S p e c i a l  a t t e n t i o n  w i l l  be  g i v e n  t h e  
a q u a t i c  m a c r o i n v e r t e b r a t e s  a t  each 
s i t e .  Two s q u a r e  f o o t  surber - type  
samples w i l l  b e  taken  a t  each l o c a t i o n  
and a q u a t i c  i n s e c t s  and o t h e r  macro- 
i n v e r t e b r a t e s  w i l l  b e  i d e n t i f i e d  t o  
t h e  fami ly  and/or  genus l e v e l .  

6. Aquat ic  v e r t e b r a t e s ,  p a r t i c u l a r l y  

5 .  

f i s h e s  w i l l  be  s e i n e d  a t  each s t a t i o n  
and i d e n t i f i e d  t o  s p e c i e s .  

TERRESTRIAL ECOLOGY 

Ava fauna Due t o  t h e  v a r i e t y  of v e g e t a t i o n  
and e l e v a t i o n  w i t h i n  t h e  p l a n t  s i t e  s t u d y  
area, a v i a n  d i v e r s i t y  is expected t o  b e  
h i g h .  
area. 
f i e l d  procedures  d e s c r i b e d  by Emlen (1971) 
and d a t a  a n a l y s i s  d e s c r i b e d  by Balph e t  
a l .  (1977) .  The f o l l o w i n g  i s  a summary of  
t h e  f i e l d  procedures :  

Four h a b i t a t s  occur  w i t h i n  t h e  s t u d y  
These w i l l  be  sampled u t i l i z i n g  

1. A t r a n s e c t  of X meters w i l l  b e  es- 
t a b l i s h e d  i n  each h a b i t a t .  

2.  These w i l l  b e  walked t h r e e  c o n s e c u t i v e  
days i n  s p r i n g ,  summer, and f a l l .  

3. Each b i r d  w i l l  be  i d e n t i f i e d  and t h e  
l a t e ra l  d i s t a n c e  from t h e  t r a n s e c t  
l i n e  w i l l  be recorded .  

During t h e  course  of t h e  g e n e r a l  recon- 
n a i s s a n c e  and t h e  o t h e r  p o r t i o n s  of t h e  
b i o t i c  moni tor ing  program, a l i s t  of 
s p e c i e s  o c c u r r i n g  i n  t h e  d i f f e r e n t  h a b i t a t s  
w i l l  be  compiled. A s  a measure of s p e c i e s  
d i v e r s i t y ,  t h e  Shannon-Weaver measure w i l l  
be  computated f o r  each h a b i t a t .  

Small Mammals Small mammals w i l l  b e  
sampled twice  each y e a r .  These census  
p e r i o d s  w i l l  occur  i n  s p r i n g  be fo re .  t h e  
major r e p r o d u c t i v e  e f f o r t  and a g a i n  l a t e  i n  
t h e  summer t o  e a r l y  f a l l  a f t e r  r e p r o d u c t i v e  
r e c r u i t m e n t .  B i o l o g i s t s  w i l l  u t i l i z e  a 
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J c a t c h  p e r  u n i t  e f for t - sampl ing  technique  
based on 300 t r a p  n i g h t s  per  t r a p p i n g  
s e s s i o n  i n  each h a b i t a t .  T r a n s e c t s  w i l l  be  
p r e f e r e n t i a l l y  l o c a t e d  i n  t h e  f o u r  h a b i t a t  
types  w i t h i n  t h e  s t u d y  area. Two 250-meter 
t r a n s e c t s  w i l l  be  l a i d  o u t  approximate ly  
200 m e t e r s  a p a r t  i n  each census  area o r  one 
500-meter t r a n s e c t  depending on t h e  shape 
of t h e  h a b i t a t .  Along each t r a n s e c t ,  25 
t r a p  s t a t i o n s  w i l l  b e  l o c a t e d  a t  t e n  yard  
i n t e r v a l s .  Each s t a t i o n  w i l l  have one l i v e  
t r a p  f o r  a t o t a l  of 50 t r a p s  p e r  census  
area. These t r a n s e c t s  w i l l  b e  b a i t e d  w i t h  
oatmeal .  They w i l l  b e  checked each morning 
and, i f  n e c e s s a r y ,  reset and r e b a i t e d .  A l l  
c a p t u r e d  an imals  w i l l  b e  i d e n t i f i e d  t o  
s p e c i e s  and r e l e a s e d .  

During t h e  c o u r s e  of  t h e  g e n e r a l  recon- 
n a i s s a n c e  and t h e  performance of t h e  o t h e r  
p o r t i o n s  of  t h e  b i o t i c  moni tor ing  program, 
a l i s t  of s p e c i e s  o c c u r r i n g  i n  t h e  d i f -  
f e r e n t  h a b i t a t s  w i l l  b e  compiled. Spec ies  
d i v e r s i t y  w i l l  be  c a l c u l a t e d  f o r  each 
h a b i t a t  type  a c c o r d i n g  t o  t h e  Shannon- 
Weaver equat ion .  

Large Mammals Two s p e c i e s  of w i l d  u n g u l a t e  
occur  w i t h i n  t h e  s t u d y  area. These are  t h e  
e l k  and mule d e e r .  Methodology t o  b e  used 
i s  t h a t  d e s c r i b e d  by Neff (1968) and Smith 
e t  a l .  (1969) .  Four t r a n s e c t s  of 625 
p l o t s  each  w i l l  be  e s t a b l i s h e d  i n  and n e a r  
t h e  s t u d y  area. This  sample s i z e  w a s  
determined u t i l i z i n g  t h e  formula g iven  by 
Overton (1969) .  

E s s e n t i a l l y ,  t h e r e  w i l l  be  600 p l o t s  
spaced 20 f e e t  a p a r t  i n  each t r a n s e c t .  
This  w i l l  r e s u l t  i n  f o u r  t r a n s e c t s .  Two 
t r a n s e c t s  w i l l  b e  l o c a t e d  on t h e  east  and 
two on t h e  w e s t  s i d e  of  t h e  canyon. 

These p l o t s  w i l l  b e  r e a d  i n  t h e  s p r i n g  
a f t e r  t h e  snow m e l t s  ( i .  e . ,  A p r i l ,  May) 
then  120 days  l a t e r  i n  s p r i n g  and a g a i n  120 
days l a te r  i n  November o r  December o r  
b e f o r e  snows would cover  t h e  p l o t s .  

F l o r a  The f l o r a l  moni tor ing  program w i l l  
expand t h e  c o n s i d e r a b l e  amount of  f l o r i s t i c  
i n f o r m a t i o n  a l r e a d y  a v a i l a b l e  t o  complete  
t h e  p i c t u r e  i n  Redondo Canyon. With t h i s  
work complete p r i o r  t o  a c t u a l  s t a r t u p  of 
t h e  g e n e r a t i o n  s t a t i o n ,  any m o d i f i c a t i o n  of  
t h e  ecosystems w i l l  become e v i d e n t  w i t h  
cont inued  moni tor ing  of t h e  p r o j e c t  a r e a .  

The f o l l o w i n g  i s  a summary of t h e  f i e l d  
procedures .  

1. 

2. 

3 .  

The v e g e t a t i o n  w i l l  b e  e x t e n s i v e l y  
c o l l e c t e d  and i d e n t i f i e d .  

Seventeen s t u d y  p l o t s  (30 x 30m) w i l l  
be  d e l i n e a t e d  i n  which s t u d i e s  t o  
de te rmine  changes i n  d e n s i t y  and 
frequency.  Each of t h e  30 x 30m p l o t s  
w i l l  be d i v i d e d  i n t o  100 3 x 3 sec-  
t i o n s  of which one-half randomly 
s e l e c t e d  p l o t s  w i l l  b e  ana lyzed .  

The e x i s t i n g  m a m m a l  t r a n s e c t s  w i l l  be  
u t i l i z e d  f o r  o v e r a l l  s t u d y  of t h e  
e n t i r e  canyon. Each t r a n s e c t  c o n s i s t s  
of 600 p o i n t s  of which every  24 p o i n t  
w i l l  be  u t i l i z e d  as f l o r a l  moni tor ing  
p o i n t .  This  w i l l  g i v e  25 p o i n t s  t o  a 
t r a n s e c t  o r  100 p o i n t s  i n  t o t a l .  The 
p o i n t  q u a r t e r  method of a n a l y s i s  w i l l  
be  a p p l i e d .  This  should  show changes 
i n  t h e  f o r e s t  composi t ion over  t i m e .  

I n  a d d i t i o n  t o  t h e  PNM/Union Monitor ing 
Program, Westec I n c . ,  t h e  DOE data-sub-  
c o n t r a c t o r ,  w i l l  b e  performing comple- 
mentary and supplementary a n a l y s i s  on t h r e e  
of t h e  p r i n c i p a l  components, A i r ,  B i o t a ,  
and Water Q u a l i t y .  

I n  summary, t h e  Baca P r o j e c t  hopes t o  
f u l f i l l  t h e  d e s i r e d  g o a l s  i n  t h e  o r i g i n a l  
P r o j e c t  Oppor tuni ty  Not ice  (1977)  w h i c h  
announced t h i s  Geothermal P r o j e c t  , t h a t  i s  
t o  a c c e l e r a t e  t h e  commerc ia l iza t ion  of 
geothermal  energy i n  a n  envi ronmenta l ly  
sound manner. 

\ 
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SHAPING A GEOTHERMAL POWER PLANT 

John Bouma 
Bechtel Power Corporation 
12400 E. ImDerial Hiehwav 

Norwalk, California 

INTRODUCTION 

geothermal steam electric generating plant 
located approximately 34 miles west of the 
city of Los Alamos. 

in the Redondo Creek area some 4-112 miles 
north of the southwest entrance of the ranch. 
This plant will utilize the geothermal brine 
well system that has been explored by the 
Union Geothermal Company of New Mexico. 

The gross plant capacity will be approx- 
imately 50,000 kW and will not be expanded 
since well gathering beyond a 50 MW generating 
capacity is considered uneconomical. The 
plant is generally comprised of four ( 4 )  major 
building blocks,namely the power building, the 
cooling tower and intake structure, the switch- 
yard and the H2S abatement system. 

Some twelve (12)  alternatives were 
studied for economic and technical feasi- 
bility. 
concepts were applied to arrive at a func- 
tional and cost effective design. 

emission abatement system, the design of which 
has been guaranteed by the equipment manu- 
facturer to meet the specified emission 
limits. 

The design comprises a “grassroots’t 

The plant is located on the Baca Ranch 

In addition some innovative design 

The plant incorporates a hydrogen sulfide 

PLANT SITE ARRANGEMENT 

Relative Position of Major Plant Components 
In deciding on the space requirements, 

location and orientation of the major plant 
components, maps of the particular area under 
consideration were used. 

which are the cooling tower, power block, 
switchyard and the H2S abatement system, the 
following factors are considered: 

In  arranging the major plant components, 

e The available level ground space. 
e Wind direction with respect to cooling 

e The assigned site location. 
e Best relative location of power block, 

tower location. 

cooling tower, switchyard and H2S 
abatement system. 

Service water storage is near the power 
block to provide moderate storage for the 
service water supply system. 

the cooling tower basin. Motor driven fire- 
water pumps are located in the power block. 

Plant sewage disposal equipment is 
located immediately adjacent to the Plant West 
boundary. 

Supply for the firewater system is from 

90650 ( 2 1 3 ) ’ 8 6 4 - 6 0 1 1  

Disposal of cooling tower blowdown and 
excess condensate will be made via the Plant 
West boundary to Union Geothermal. 

POWER BUILDING ARRANGEMENT 

The development of the power building is 
based on the dimensions of the turbine gener- 
ator and its components laid down on the oper- 
ating deck during a major unit overhaul as 
well as the space requirements of the auxil- 
iary equipment at the ground floor elevation. 

The auxiliary equipment is mainly 
located on the ground floor with a small por- 
tion of the equipment located on the mezzanine 
level. The auxiliary equipment arrangement 
that has been achieved provides an almost 
perfect balance between the building space 
requirements for auxiliary equipment at the 
ground floor and the turbine generator equip- 
ment laydown space requirements at the turbine 
floor. 

The first stage air ejector equipment is 
located at the mezzanine level for reasons of 
keeping the large size air off-take piping 
short and enhance dumping the discharge into 
the ejector inter-condenser mounted at ground 
level. 

The levels of the ground floor, mezzanine 
and operating floor are set at 15 ft intervals. 
This requirement is mainly dependent on the 
height of ejector condenser and space to permit 
their removal if maintenance is required in the 
future. 

separate stairways,one at each end of the 
power building. 

accomplished by adequate walkways throughout 
the ground floor level and adequate platforms 
and walkways at the mezzanine level. 

denser and the ejector condensers tube pulling 
can be accomplished through removable wall 
panels to the outside. This design feature is 
commonly applied by Bechtel on numerous plants 
and results in functional tube pulling without 
having to add valuable building space. 

SUPPORTING FACILITIES 

Each floor level can be reached by two 

Operator traffic through the plant is 

To accommodate maintenance of the con- 

Location and space allowances for sup- 
porting facilities for the major equipment 
have been treated as follows: 

Turbine 
The auxiliary equipment of the turbine 
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consists of the turbine lube oil reservoir, 
lube oil coolers, lube oil conditioner, and the 
Electro-Hydraulic Control Unit. This equipment 
has been located in front of the turbine ped- 
estal columns. 

clean) and the transfer facilities have been 
eliminated for the following reason. The oil 
change is a function of regular maintenance and 
the oil change can be accomplished by ordering 
this service from an oil refining company. 
This approach has been practiced before for 
much larger units, and a small-generating unit 
can be operated successfully without incurring 
the cost burden of this storage and transfer 
facility. 

Condenser and Ejector Condensers 

have been arranged for a two-pass flow pattern. 
This design permits inlet and outlet connec- 
tions to be located on the same end of the 
heat exchangers; hence the large cooling water 
lines from the cooling tower can be located 
on one side of the turbine pedestal and can 
be kept short. 

The ejector condensers have been kept in 
close proximity to the main condenser in order 
to keep the large piping runs minimal. 

Also the large piping for gas extraction 
from the condenser is kept as short as possi- 
ble. This is accomplished by splitting the 
gas extraction lines inside the condenser into 
four ( 4 )  lines of 18 inches each. These lines 
penetrate the condenser dome at the supply 
water box end in a box-type header arrangement. 

The turbine oil storage tanks (dirty and 

The condenser and ejector condensers 

Ejectors 

lines are routed to the primary steam ejectors 
which are mounted on the mezzanine and their 
discharge is dumped into the inter-condenser. 
Gas transfer from the inter-to after-condenser 
is accomplished by two (2) secondary steam jet 
ejectors which also raise the gas pressure 
above atmospheric pressure in order to send 
the remaining noncondensibles to the H2S 
abatement system via a 12-inch transfer line. 

From the condenser the gas extraction 

Electrical Equipment 
The generator circuit breaker is located 

in the switchgear room on the mezzanine floor 
to allow for a straight run of bus-duct from 
the generator. 

All switchgear and motor control centers, 
except the H S motor control center, are placed 
in the switcggear room adjacent to the gel-era- 
tor breaker on the mezzanine floor and directly 
below the control room. The H2S motor control 
center is located in a clean room in the H2S 
abatement system area. 

clean room concept and is provided with filtered 
ventilation air to minimize H2S attack. 

The switchgear room is a part of the 

The battery room is located at the south 
side of the building on the mezzanine floor, 
adjacent to the switchgear room. This room 
will be mechanically ventilated to outdoors. 
The station battery will be sized to accomno- 
date both station and switchyard loads. 

The standby diesel generator set is 
located in the southeast corner of the building 
on the grade elevation below the switchgear 
room. The plant south wall will be provided 
with louvers for cooling air to the engine 
radiator. 

All the above locations minimize the 
requirements for cabling and raceway. 

The transformers are placed as close to 
the power block as feasible and are positioned 
to use the power building as a baffle to cool- 
ing tower mist to minimize coating of the 
equipment insulators. 

Compressed-Air System 
The compressed-air system for this unit 

consists of two nonlubricated teflon ring com- 
pressors with a single receiver. This system 
and its associated drying and filtering facil- 
ities are used for service air as well as 
instrument air requirements. Both instrument 
and shop air is dried to minimize moisture 
problems. 

main condenser. 
The installation is located south o f  the 

Service Water 

outside near the southwest corner of the power 
building. 

the south wall of the power building; however, 
these pumps are located inside the building. 

Fire Water 

located inside in the northwest corner of the 
power building. 

The service water storage tank is located 

The service water pumps are located along 

The electric driven fire water pumps are 

MAINTENANCE FACILITIES 

The power building is equipped with a 
bridge crane having a main hoist capacity of 
40 tons and an auxiliary hoist capacity of 
10 tons. This crane is capable of serving 
the turbine generator and other associated 
equipment. In addition, a maintenance shop 
and warehouse bay have been provided in the 
design. 

Equipment Removal Opening 

removal opening arebased on the governing 
requirements of the turbine generator and were 
so placed to provide easy access upon plant 
site entry. 

The location and size of the equipment 
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EQUIPMENT LAYDOWN FOR MAJOR OVERHAUL 

Equipment laydown area requirements have 
been given full consideration in the overall 
design of the plant. 
generator components were used to establish the 
adequacy of the operating deck for an organized 
and effective component laydown. The operating 
deck has been been designed to support turbine 
laydown loads. 

provided for the following: 

Drawings of turbine- 

Laydown space requirements have been 

e Major Turbine Components 
o Major Generator Components 
e Space Allocation for Miscellaneous 

Turbine-Generator Parts 
e Space Allocation for Cable Sling 

Laydown 
e Space Allocation for Tool Room 
e Space Allocation for Small Parts 
e Space Allocation for Work Benches for 

Turbine Area and the Generator area 
The turbinerotors can be located at grade 

in the equipment removal area so that temporary 
canvas partition walls can be placed around 
them to allow sandblasting of the blading, 
should that be necessary. 

OPERATING FACILITIES 

The control room is located on the tur- 
bine operating level at the southeast corner of 
the power building. 

The control room is provided with a bench- 
type console for starting, monitoring, and 
shutdown of the turbine-generator as well as 
for startup and control of the balance of plant 
equipment. 

switchyard, miscellaneous balance of plant 
equipment, turbine-generator supervisory 
instrumentation, miscellaneous instrumentation, 
and protective relaying. Rear access to the 
panel is from the relay room. Both the control 
room and adjacent relay room are provided with 
filtered conditioned air to minimize H2S 
attack. 

panel is also located in the control room. 

DESIGN HIGHLIGHTS 

A vertical auxiliary board serves the 

The plant fire protection system monitor 

General 
During the evolution of the detail design, 

certain particular circumstances or conditions 
impacted the design; sometimes with adverse 
effects and sometimes these adverse effects 
have been turned around through innovative 
design and have resulted in advantageous design 
concepts . 

Certain concepts foreign to conventional 
steam power plant design have been introduced 
to cgpe with the presence of hydrogen sulfide. 

The extensive use of fiberglass rein- 
forced plastic pipe is also a throw-off of the 
presence of H2S. 

H2S distribution in the cycle is dis- 
cussed and its concentrations leaving the cool- 
ing tower stack as well as the end products 
leaving the H2S abatement system. 

the course of the design are discussed as 
follows : 

In addition, other points of interest in 

Effect of Site Development on Circulating Water 
Pump and Condenser 

The develoDment of the site had an inter- 
esting effect on the location selection of the 
circulating water pump at the Baca plant. 

pump had an advantageous effect on the final 
design of the condenser respective to its 
ability to collect the hydrogen sulfide con- 
taining condensates as further discussed 
herein. 

The geographic location caused the power 
plant to be built in part against a hill, being 
the assigned power plant site on the privately 
owned Baca Ranch. 

Notwithstanding the problems encountered 
by the hillside location, the following gains 
were made during the evolution of the Baca 

In turn, the location selection of this 

design: 
0 

e 

e 

e 

e 

e 

To effect an economical site layout, 
two levels were developed, one for 
cooling tower and one for power plant, 
H2S Abatement and Switchyard. The 
difference in the two levels, approxi- 
mately 20 ft., enhanced locating the 
circulation water pump inside the 
power building and provided the pump 
with some 20 ft. of static suction 
head resulting in ample available 
NPSH. 
The vertical, mixed flow, circulating 
water pump was made an integral part 
of the circulating water conduit to 
the condenser and placed inside the 
power building. The otherwise sep- 
arate pump structure and associated 
support facilities were eliminated 
and the intake structure was substan- 
tially simplified. This design 
approach resulted in the most economi- 
cal pump arrangement. 
Another advantage of this design is 
that the system is self priming and 
pump operation is precluded until 
complete priming has been accomp- 
lished. Consequent hydraulic trans- 
ients or bumps are constrained or kept 
minimal. 
The pump being inside the pump build- 
ing facilitates maintenance and pump 
overhaul. 
Space requirements for housing the 
pump are minimal as a result of making 
the pump part of the circulating water 
conduit. 
The waste heat of the pump motor pro- 
vides part of the power building heat 
in the winter time. 
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0 The location of the pump forced a high 
inlet connection on the condenser. 
This condition was optimized by the 
condenser manufacturer who devised a 
steam path and gas path inside the 
condenser permitting the collection 
of the H2S gas laden condensate on 
trays in the upper part of the con- 
denser. This condensate can be kept 
separate from the hotwell condensate 
and, if necessary, it can be returned 
directly to the reinjection system 
thereby keeping the cooling tower 
makeup of the lowest H2S concentration 
possible. 

Surface Condenser 
The purpose of this special design of 

geothermal surface condenser is to employ 
features which will limit and reduce, as much 
as possible, the tendency for the hydrogen s u l -  
fide to go into the condensate in the main 
condenser. 

end view of the tube bundles for the BACA con- 
denser. The steam and gases enter the tube 
bundles at the sides and at the bottom so that 

:. the falling condensate is in opposite direction 

The sketch below shows a cross section 

to the steam as far as it is possible to do so. 
The gas vapor outlet is at the top of the tube 
bundles. The two-pass water circuit has the 
cold water pass around the periphery of the 
tube bundle and the warm water pass through the 
center o f  the tube bundles. The gas vapor mix- 
ture leaves the tube bundles along the full 
length of the condenser, enters the gas vapor 
duct, and is then discharged to the gas removal 
ejector equipment. The gas cooling section of 
the condenser is in the cold water pass. The 
condensate drain trays in the residual and gas 
cooler areas of the condenser have means for 
separately draining off the condensate in these 
areas o f  possible high hydrogen sulfide concen- 
tration. Although this has no bearing on the 
special geothermal design requirement of keep- 
ing the hydrogen sulfide in the condensate to 
a minimum, the condenser has a patented method 
of supporting the tubes along their length 
without the need for conventional tube support 
plates. 

The advantages of this design over a 
conventional surface condenser are: 

I The maximum gas concentration is in 
contact with the least condensate flow which 
will result in minimum contamination of hydro- 
gen sulfide in the main body of the condensate. 

G A S - V A P O R  D U C T  
C O N T A M I N A T E D  D R A I N S  F R O M  T O  G A S  E J E C T O R  

O N D E N S A T E  T R A Y S  

-- -- 

H O T W E L L  WATER L E V E L  

4 

d 

I 
END V I E W  O F  

TUBE B U N D L E S  

E C O L A I R E  CONDENSER 
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2 The condensa te  from t h i s  a r e a  of h igh  
gas  c o n c e n t r a t i o n  can  be  s e p a r a t e l y  l e d  out -  
s i d e  t h e  condenser f o r  s e p a r a t e  t r e a t m e n t ,  i f  
necessa ry .  

p a s s )  occu r s  a t  t h e  p e r i p h e r y  of t h e  t u b e  
bundle  where t h e  g a s  c o n c e n t r a t i o n  i s  t h e  least 
( i . e . ,  t h e  maximum condensa t ion  ra te  occur s  
w i t h  t h e  steam having  t h e  least  g a s  
c o n c e n t r a t i o n ) .  

end of t h e  condenser  where, n o t  o n l y  i s  t h e  gas  
c o n c e n t r a t i o n  the g r e a t e s t ,  b u t  where the con- 
d e n s a t e  i s  most l i k e l y  t o  be  subcooled o r  be 
s u b j e c t e d  t o  dep res s ion .  I n s t e a d ,  v e n t i n g  i s  
a l l  t h e  way a long  t h e  l e n g t h  of the condenser 
from each  compartment and d i r e c t l y  i n t o  t h e  gas  
vapor  d u c t ;  t h e r e f o r e ,  o n l y  a minimum of gas  
comes i n  c o n t a c t  w i t h  t h e  condensa te  formed and 
dropping  from t h e  t u b e s .  

i n  t h e o p p o s i t e  d i r e c t i o n  t o  t h e  steam f low,  
maximum s t r i p p i n g  of condensa te  w i l l  occur  w i t h  
t h e  h o t t e s t  steam, which a l s o  h a s  t h e  minimum 
gas  c o n c e n t r a t i o n .  

3 The f i r s t  water p a s s  ( i . e . ,  t h e  co ld  

4 The g a s e s  do no t  ca scade  t o  t h e  co ld  

5 S ince  f a l l i n g  condensa te  i s  g e n e r a l l y  

Clean Room 
Hydrogen s u l f i d e  g a s  (H?S) h a s  a d e l e t e -  

r i o u s  e f f e c t  on equipment t h a t  c o n t a i n  com- 
ponents  made of coppe r ,  copper  a l l o y s  o r  s i l v e r .  
The H2S a t t a c k s  t h e s e  m a t e r i a l s  and replacement 
i s  necessa ry  i n  a r e l a t i v e l y  s h o r t  pe r iod  of 
t i m e .  E l e c t r i c a l  equipment,  c o n t r o l  and i n s t r u -  
men ta t ion  d e v i c e s  u s u a l l y  c o n t a i n  t h e  m a t e r i a l s  
s u s c e p t i b l e  of  H2S a t t a c k  and a l t e r n a t e  m a -  

t e r i a l s  are g e n e r a l l y  no t  a v a i l a b l e .  
To minimize t h i s  problem, a c l e a n  room 

approach has  been i n c o r p o r a t e d  i n  t h e  des ign .  
The p l a n t  c o n t r o l  room, r e l a y  room and o f f i c e  
complex are provided  w i t h  f i l t e r e d ,  t empera ture  
and humidi ty  c o n t r o l l e d  a i r  from t h e  p l a n t  
h e a t i n g ,  v e n t i l a t i n g  and a i r  c o n d i t i o n i n g  
equipment. The e l e c t r i c a l  swi t chgea r  room i s  
provided  w i t h  f i l t e r e d  and h e a t e d  a i r  from the 
p l a n t  h e a t i n g ,  v e n t i l a t i n g  and a i r  c o n d i t i o n i n g  
equipment. Both areas u t i l i z e  r e p l a c e a b l e  in -  
l e t  a i r  f i l t e rs  of  t h e  a c t i v a t e d  c h a r c o a l  t y p e  
s u i t a b l e  f o r  t h e  removal of a m i l d l y  contamin- 
a t e d  atmosphere c o n t a i n i n g  a maximum of 10 ppm 
of H2S g a s .  

The re fo re ,  t h e  c o n t r o l  conso le ,  a u x i l i a r y  
c o n t r o l  p a n e l ,  f i r e  p r o t e c t i o n  s u p e r v i s o r y  pane l  
and a l l  equipment l o c a t e d  i n  the con t ro l l room 
are p r o t e c t e d  from t h e  e f f e c t s  of t h e  H2S atmos- 
phe re  , The STC, Annuncia tor ,  Switchyard Con- 
t r o l  and I n t e r p o s i n g  Logic sys tems c a b i n e t s  as 
w e l l  as t h e  rear of  t h e  A u x i l i a r y  Con t ro l  Pane l  
are l o c a t e d  i n  r e l a y  room s u b j e c t  t o  t h e  c l e a n  
room d e s i g n  p r o t e c t i o n .  
E x c i t e r  Regu la to r ,  4 kV swi t chgea r ,  480 V P l a n t  
A u x i l i a r y  Loadcenter ,  Genera tor  Breaker ,  V i t a l  
and A u x i l i a r y  Bus C o n t r o l s ,  and B a t t e r y  
Chargers  are l o c a t e d  i n  t h e  swi t chgea r  room 
s u b j e c t  t o  t h e  c l e a n  room d e s i g n  p r o t e c t i o n .  

The Genera tor  S t a t i c  

Th i s  c l e a n  room des ign  a l lows  t h e  use  of 
s t anda rd  des ign  e l e c t r i c a l ,  i n s t r u m e n t a t i o n  
and c o n t r o l  equipment w i t h  r e s u l t a n t  c o s t  
s av ings .  Fur thermore ,  t h e s e  p l a n t  a r e a s  a r e  
main ta ined  a t  a s l i g h t  p o s i t i v e  p r e s s u r e  t o  
p reven t  t h e  i n f l u x  of m i l d l y  contaminated 
atmosphere.  

Use of FRP P ipe  and Tanks 

e x t e n s i v e  usage  of s t a i n l e s s  s tee l  p i p e  f o r  
l i n e s  t h a t  were t o  t r a n s p o r t  H2S bea r ing  
f l u i d s .  It goes wi thout  s ay ing  t h a t  t h e  c o s t  
of such i n s t a l l a t i o n ,  even though cons ide red  
v e r y  d u r a b l e ,  w a s  of h igh  c o s t .  S i m i l a r l y ,  
s t o r a g e  t a n k s  were cons ide red  t o  be  f a b r i c a t e d  
from carbon s t e e l  and s u b j e c t  t o  t h e  r e g u l a r  
maintenance a s s o c i a t e d  w i t h  such  a p p l i c a t i o n .  
The t ank  i n  q u e s t i o n  i s  t h e  wa te r  s t o r a g e  
t a n k ,  s u b j e c t  t o  ve ry  normal and no t  extreme 
c o n d i t i o n s .  During t h e  e v o l u t i o n  of t h e  
d e s i g n ,  i t  w a s  l e a r n e d  t h a t  t h e  use  of s t a i n -  
less compared t o  t h e  u s e  of f i b e r g l a s s  r e i n -  
f o r c e d  p i p e  would r e s u l t  i n  s u b s t a n t i a l l y  more 
c o s t l y  p i p i n g  i n s t a l l a t i o n s .  A s  a r u l e  of 
thumb, i t  w a s  found t h a t  i f  a 10" p i p e  i n s t a l -  
l a t i o n  of normal complexi ty  were t o  c o s t  
$22,000 f o r  304 t y p e  s t a i n l e s s  steel  and 
$30,000 f o r  316 t y p e  s t a i n l e s s ,  t h e  f i b e r g l a s s  
i n s t a l l a t i o n  would r e s u l t  i n  a c o s t  of approx- 
ima te ly  $10,000 t o  $12,000. Th i s  s i t u a t i o n  
was f u r t h e r  compl ica ted  by t h e  f a c t  t h a t  i n  
o r d e r  t o  p rov ide  f o r  s u c c e s s f u l l y  welded 
j o i n t s ,  t h e  low carbon s t a i n l e s s  would have t o  
be  s e l e c t e d  i n  o r d e r  t o  p reven t  t h e  phenomenon 
of i n t e r - g r a n u l a r  stress c o r r o s i o n .  Th i s  
a d d i t i o n a l  requi rement  f u r t h e r  i n c r e a s e d  t h e  
c o s t  of t h e  s t a i n l e s s  s t ee l  p i p e  i n s t a l l a t i o n .  

The p i p i n g  t h a t  w a s  main ly  s u b j e c t  t o  
t h e  above c o n s i d e r a t i o n s  w a s  t h e  in -p lan t  
p i p i n g  n o t  embedded i n  c o n c r e t e  o r  b u r i e d  i n  
t h e  s o i l .  I n  t h i s  d e s i g n  of t h e  p l a n t  p i p i n g ,  
t h e  p i p i n g  was seg rega ted  i n t o  t h e  fo l lowing  
c a t e g o r i e s :  

0 The underground p i p i n g  f o r  s e r v i c e s  

I n  t h e  p r e l i m i n a r y  des ign ,  t h e r e  w a s  an 

such  as:  
a. P l a n t ,  f l o o r  and equipment d r a i n s .  
b. F i r e  p r o t e c t i o n .  

0 Exposed p l a n t  p ip ing .  
0 C i r c u l a t i n g  water p ip ing .  
The a p p l i c a t i o n  of f i b e r g l a s s  f o r  t h e  

exposed p l a n t  w a s  main ly  f o r  condensa te  from 
t h e  h o t w e l l  and t h e  d r a i n s  of t h e  i n n e r  and 
a f t e r  condenser  of t h e  g a s  e j e c t i o n  system a s  
w e l l  as t h e  gas  l i n e  t h a t  t r a n s p o r t s  t h e  non- 
condensables  t o  t h e  H2S Abatement f a c i l i t y .  

t e c t i o n  p i p e ,  carbon s t ee l  p i p e  w a s  used t o  
e n s u r e  t h a t  t h e  f i r e  p r o t e c t i o n  p i p i n g  i t s e l f  
would no t  be  damaged by a f i r e  a d j a c e n t  t o  t h e  
f i r e  s u p p r e s s i o n  system. 

Although t h e  f i b e r g l a s s  p i p i n g  system f o r  
t h e  in -p lan t  exposed p i p e  w a s  c a r e f u l l y  
weighed, the f i n a l  s e l e c t i o n  f o r  t h i s  p i p i n g  

For t h e  in -p lan t  and exposed f i r e  pro- 
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w a s  based on a s a v i n g s  of approximate ly  
$200,000 over  t h e  c o s t  of  t h e  a l t e r n a t i v e  
a p p l i c a t i o n  of s t a i n l e s s  steel  p i p i n g .  Once 
t h e  b a s i c  s e l e c t i o n  of  t h e  f i b e r g l a s s  material  
had been made, o t h e r  f a c e t s  a s s o c i a t e d  w i t h  
t h i s  p i p e ' s  p a r t i c u l a r s  r e s p e c t i v e  t o  connec- 
t i o n s ,  d r a i n  and v e n t  c o n n e c t i o n s ,  bonded con- 
n e c t i o n s  and f l a n g e  connec t ions  w e r e  s u b j e c t e d  
t o  c l o s e  s c r u t i n y  t o  e n s u r e  t h a t  t h e  p o s s i b i l -  
i t ies  of weak l i n k s  i n  t h e  system are p r o p e r l y  
recognized  and accounted f o r .  The v a r i o u s  
methods a v a i l a b l e  from t h e  v a r i o u s  manufac turers  
f o r  connec t ing  p i p e  ends d i f f e r ,  and i t  i s  
b e l i e v e d  t h a t  t h e  method of one manufac turer  i s  
s u p e r i o r  t o  a n o t h e r .  Also ,  t h e  w a l l  t h i c k n e s s  
s e l e c t e d  by t h e  v a r i o u s  p i p e  manufac turers  
v a r i e s  t o  a g r e a t  e x t e n t  where c e r t a i n  manu- 
f a c t u r e r s  are producing f a i r l y  t h i n  w a l l s  t h a t  
are indeed capable  of t a k i n g  f a i r l y  h igh  
p r e s s u r e s .  However, t h e  c a p a b i l i t y  of t h e s e  
t h i n  w a l l  p i p e s  t o  w i t h s t a n d  c r u s h i n g  l o a d s  
is n o t  as good as  t h e  a b i l i t y  of t h e  h e a v i e r  
p i p e  w a l l .  

r e s i l i e n c e  of t h e  f i b e r g l a s s  p i p e ,  t h e  e f f e c t  
of water hammer i s  n o t  as pronounced i n  t h i s  
t y p e  p i p e  as  can be  expec ted  i n  a p i p e  of steel  
manufacture .  It i s  a l s o  noteworthy t h a t  t h e  
coupled p i p e  j o i n t  of c e r t a i n  manufac turers  
by bonding r e s u l t s  i n  amazing c a p a b i l i t i e s  i n  
hoop s t r e n g t h  as w e l l  as s t r e n g t h  i n  t h e  
l o n g i t u d i n a l  d i r e c t i o n .  

i n t o  account  i n  t h e  s e l e c t i o n  of f i b e r g l a s s  
r e i n f o r c e d  p i p i n g  f o r  t h e  Baca Power P l a n t .  

water t a n k  and t h e  d i e s e l  o i l  s t o r a g e  t a n k  were 
o r i g i n a l l y  cons idered  t o  be  of  carbon s tee l  
c o n s t r u c t i o n .  However, a f t e r  a c o s t  comparison 
w a s  made, t h e  obvious b e n e f i t s  of f i l a m e n t  
wound f i b e r g l a s s  t a n k  c o n s t r u c t i o n  became 
e v i d e n t .  The g l a s s  t a n k s  e l i m i n a t e  t h e  need 
f o r  grounding o r  c a t h o d i c  p r o t e c t i o n  and i n  
t h e  c a s e  of  t h e  above grade  i n s t a l l a t i o n  
e l i m i n a t e s  t h e  need f o r  p e r i o d i c  r e p a i n t i n g .  

It i s  b e l i e v e d  t h a t  Baca i n  t h e  u s e  of 
f i b e r g l a s s  p i p e  and t a n k s  can b e  cons idered  a 
f i r s t  f o r  geothermal  s e r v i c e .  

A p o i n t  of i n t e r e s t  i s  t h a t  because of t h e  

It i s  t h e s e  c o n s i d e r a t i o n s  t h a t  w e r e  taken  

A s  s t a t e d  h e r e i n b e f o r e ,  bo th  t h e  s e r v i c e  

Hydrogen S u l f i d e  C o n s i d e r a t i o n s  

steam i s  a n t i c i p a t e d  t o  v a r y  from 210 t o  
300 ppm. A t y p i c a l  steam q u a l i t y  a n a l y s i s  i s  
shown i n  Table  1. 
condenser  can  e i t h e r  r e d i s s o l v e  i n  t h e  conden- 
sate o r  b e  removed as a gas  through t h e  g a s  
e j e c t o r  system. 

A S t r e t f o r d  p r o c e s s  i s  b e i n g  i n s t a l l e d  t o  
treat t h e  gaseous H2S emiss ions  from t h e  p l a n t .  
Maximum H2S p a r t i t i o n i n g  ( X  H2S removed as a 
g a s / %  H2S d i s s o l v e d  i n  t h e  condensa te)  i n  t h e  
condenser  i s  r e q u i r e d  t o  make t h e  most e f f e c -  
t i v e  u s e  of t h e  S t r e t f o r d  system and t o  e n s u r e  

The hydrogen s u l f i d e  (H2S) c o n t e n t  of t h e  

The H2S upon e n t e r i n g  t h e  

Table  1 A n t i c i p a t e d  S t e a m  Q u a l i t y  

PH 

Suspended S o l i d s  

Disso lved  S o l i d s  

S i l i c a  

Bicarbonates  

S u l f a t e  

C h l o r i d e  

Sodium 

Pot ass ium 

Calcium, Magnesium, 
Barium, Boron, 
F l u o r i d e  

Carbon Dioxide 

Hydrogen S u l f i d e  

Ni t rogen  

Hydrogen 

Methane 

Si02  

HC03 

s04 

c1 

Na 

K 

4.5 

7 PPm 

7-15 ppm 

5 PPm 

2 PPm 

21 PPm 

8 PPm 

3 PPm 

less t h a n  
1 .0  ppm 

28,250 ppm 

205 ppm 

56 P P ~  

2 PPm 

2 PPm 

t h a t  condensa te  t rea tment  f o r  H2S removal is 
n o t  r e q u i r e d .  The H2S p a r t i t i o n i n g  i s  a func- 
t i o n  of t h e  condenser  d e s i g n  and steam 
chemis t ry .  

The condenser  i s  des igned  t o  a s s u r e  a 
s h o r t  r e s i d e n c e  t i m e .  This  makes i t  less  l i k e l y  
t h a t  e q u i l i b r i u m  c o n d i t i o n s  between t h e  steam, 
g a s e s  and condensa te  w i l l  be  e s t a b l i s h e d .  

Even w i t h  t h e  e s t a b l i s h m e n t  of conden- 
ser e q u i l i b r i u m  c o n d i t i o n s ,  t h e  steam chemis- 
t r y  i s  f a v o r a b l e  f o r  most of t h e  H2S be ing  
removed as a gas .  The expected p e r c e n t a g e  of  
H2S be ing  p r e s e n t  as a gas  a s  opposed t o  t h e  
q u a n t i t y  d i s s o l v e d  as an a l k a l i n e  s u l f i d e  i s  a 
f u n c t i o n  of t h e  condensa te  pH. A t  a pH of 
4 ,  98% of t h e  s u l f i d e s  a r e  p r e s e n t  as H2S, 
a t  a pH of 7 approximate ly  33%, and about  1% 
a t  a pH of  8 . 7 .  

and t h e  l a c k  of ammonia i n  t h e  Baca steam 
would v e r i f y  t h e  r e p o r t e d  low pH v a l u e  of 4.5 
and i n d i c a t e  t h a t  t h e  condensa te  pH v a l u e  w i l l  
be  low. 

With 300 ppm i n  t h e  steam, 6,659 l b s l d a y  
of H2S w i l l  e n t e r  t h e  system. Assuming p a r t i t -  
t i o n i n g  f a c t o r s  of 9515 and 9911 t h e  
d i s t r i b u t i o n  of H2S between t h e  condensate  
and t h e  S t r e t f o r d  p r o c e s s  i s  shown i n  

The carbon d i o x i d e  gas  c o n c e n t r a t i o n s  
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Figure 1. Based upon the guaranteed 10 ppm 
effluent, the Stretford process will emit 
7 lbs/day of H2S. The cooling tower will 
potentially emit 666 lbslday and 67 lbslday 
with the two partitioning examples, at 
concentrations of respectively, 18 ppm and 

With a requirement to bypass the 
4 PPm. 

Stretford process, the gas will be sent to 
the cooling tower and admitted below the fan 
deck. 
under these conditions will be approximately 
10 ppm. 

If, with operation, the required par- 
titioning is not obtained, treatment of the 
condensate for hydrogen sulfide removal may 
be required to meet environmental discharge 
restrictions. A number of treatment alterna- 
tives are available to remove hydrogen sul- 
fide from the condensate. 

The most reasonable alternative for 
retrofit from a practical and economic view 
is the hydrogen peroxide destruction method. 
This method is a chemical process operating 
in the liquid phase with iron used as a 
catalyst at approximately 1 ppm. Equipment 
required for the process includes hydrogen 
peroxide tanks and pumps, ferrous sulfate 
tanks and pumps, and possibly condensate 
filters. Hydrogen sulfide effluent concen- 
trations of less than 0.1 ppm can be 
obtained. 

condensate from high gas concentration con- 
denser areas for separate treatment outside 
the condenser, if required. 

Effects of Altitude on Electrical System 
Components 

ratings are affected by altitude include the 
following: 

The H2S concentration in the fan stack 

The condenser design permits removal of 

Types of power plant equipment whose 

Power Transformers. 
o 
o Induction Motors. 
0 Engine-Driven Generators. 
The Baca power plant comprises equipment 

Switchgear and Metal Enclosed Bus. 

in all of the above categories, which will be 
installed at the site elevation of 8,750 feet 
above mean sea level, and which will be 
affected in varying degrees by the plant 
altitude. 

The effects of altitude upon power 
equipment are due primarily to two causes: 

o The reduced density of air at higher 
elevations, which reduces its ability 
to remove heat from energized appara- 
tus, and decreases the mass of oxygen 
per unit volume of air available for 
combustion. 

e The reduced dielectric strength of 
air at higher elevations, which 
reduces its effectiveness when used 
as an insulating medium. 

, 

H2S IN EXHAUST STEAM 

I 
I5160 #/DAY 1 

CONDENSER 

I 
I 

I 
I 1-4 1 I 2304 #;DAY] 

- -1 
2 2400 # DAY I i OXYGEN I 

I 

I I 
I , 

I - - - -  - -  
~ WATER , 

7 #/DAY 
10 PPM 

I I 

I 

E3 1 258 #/DAY 

1 ,  .41 PPM 

21 52 #/DAY 

21 .08 PPM 
f 

i 
ATMOSPHERE 

I 
1 

ATMOSPHERE 

LEGEND 

H2S IN CONDENSATE 
H ~ S  IN STEAM OR GAS _ __----- 

9515 PARTITIONING 
2 9911 PARTITIONING 

Fig. 1 H2S FLOW DIAGRAM 

SULPHUR 

The effects of these two properties of 
high-altitude air are summarized below for each 
type of equipment listed above. 

Power Transformers 
Main Step-up Transformer - No derating 

0 Loadcenter Transformers - No derating 

necessary. 
Unit Auxiliary Transformer - No 
derating necessary. 

necessary. 
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a Dry Type Lighting Transformers - 

a Transformer HV Bushings - Extra 
Derate 5 percent. 

creepage required. 

Switchgear 
a Medium Voltage Switchgear 

- Derate current to 97 percent 
- Derate interrupting capability 
- Use surge arresters for reduced BIL 

a Non-Segregated Phase Bus 

0 Low-Voltage Switchgear 
- Derate current to 97 percent. 

- Derate current to 99 percent. 
- No voltage derating necessary 
- No interrupting capability derating 
necessary 

Induction Motors 
a All Motors 

- Derate in accordance with NEMA MG-1 
Engine-Driven Generators 

a Emergency Generator 
- Derate for altitude in accordance 
with DEMA 

Advantage of the Flash Design 
The main advantage of a flash design, 

geothermal plant, whether flashing down hole 
or at the surface, is the yield of water in 
the condenser, which is used for cooling tower 
makeup when using evaporative cooling. This 
advantage is to be predicated by the quality 
of the condensate yielded and if of acceptable 
quality the yielded condensate can be used as 
makeup. 

For the purpose of evaporative cooling, 
the binary cycle and any other conventional 
plants would be reliant on the availability 
of water that needs to be imported to the 
plant. 

in this regard as its condensate is used in 
the cooling tower for makeup; this is of par- 
ticular advantage in that the Baca Geothermal 
Plant is located in an area where external 
water supplies are scarce and costly. 

be imported and its consumption has been 
limited to the purposes of drinking, domestic 
and maintenance use. 

In this regard, the plant uniquely fits 
in with what the environment can offer. 

The water or brine in the aquifer would 
be of no use to anyone otherwise, except for 
the production of electric power. 

quantities required, the quantity and cost 
for evaporative cooling would be approxi- 

The Baca Geothermal Plant is an exception 

Only the plant service water needs to 

If the water were available in the 

mately i,234 acre feet-and $1,750, 
annually, respectively. 

The allotment of potabie and 
water at the Baca Plant is 3 acre 
year. 

00 

service 
eet per 

Turbine Blow-off Piping 
In an effort to safely route steam dis- 

charges from the turbine casing shear dia- 
phragms to outside the building, the Baca job 
is a first in displaying this feature. This 
additional safety feature was introduced to 
compensate for the possible failure of closing 
the turbine control and stop valves in the 
event of a load rejection accompanied by a 
noncondensing condition. 

in Europe in certain power stations, but is 
commonly not used in the United States. 

Owing to the possible adverse effects 
that impurities in the steam have on the 
operation of the emergency stop and control 
valves it was reasoned to be a good investment 
to include this blow-off piping in the design 
to eliminate the possible hazards associated 
with the turbine blow-off in the power 
building. 

' 

This design approach has been practiced 

The hazards that can 6e foreseen are 

1 The first concern is about the safety 

2 The second concern is the damage that 

two-fold: 

of personnel inside the power plant. 

H2S bearing steam can impose on power plant 
electrical equipment. 

OTHER POINTS OF INTEREST 

costs 

been underway for approximately 17 months and 
the estimated project costs are running fairly 
close to budget. There have been influences of 
design growth causing the plant costs to 
increase; however, there have also been factors 
that caused the costs to decrease. 

mately 75% complete and it is believed that cost 
variations resulting from variations in design 
are going to be minimal the rest of the way. 

increase in project costs resulting from a 
delay in the acquisition of the Environmental 
Impact Statement. 

In relation to the total project costs, 
this increase has been kept to a minimal. 

At the present time, it is estimated 
that the cost of the power plant not including 
the switchyard will be approximately $650.00 
per installed kW. 

cost of real estate and owner's costs. 

The Detail Design for the Baca Project has 

At the present time, the design is approxi- 

Not accounted for in the above, is an 

The above unit cost does not include 

Schedule 
From the notice to proceed to commercial 

operation, the duration for design and con- 
struction was scheduled to be 37 months allow- 
ing approximately 22 months for construction. 
This construction span is now reduced owing 
to the delay of the Environmental Impact State- 
ment; however, it is believed that the plant 
can be started up as scheduled. 
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The climate prevailing at the approxi- 
mately 9,000 foot elevation has a profound 
e f f e c t  on cost effective construction and it 
was found that the cost was very sensitive as 
to when actual construction was started. If 
construction is delayed past a certain 
point in time of a calendar year, the cli- 
matic conditions begin to exert their influ- 
ence and the construction costs rise 
dramatically resulting from the increased 
cost of accelerated construction to avoid 
the adverse weather conditions of winter. 
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THE BACA DATA DISSEMINATION PROGRAM 

P. B. Sherwood 
WESTEC Services Inc. 

505 Marquette Avenue, N.W. 
Albuquerque, NM 87102 (505) 243-2835 

Introduction The goal of the federal govern- 
ment's coordinated program of research and 
development in geothermal energy is to stimu- 
late the economic, reliable, operationally 
safe, and environmentally and socially accept- 
able commercial development of this energy 
resource. This commercialization plan is 
based on the premise that developers, utili- 
ties, and the financial community will not make 
large-scale commitments to unfamiliar technol- 
ogy until confidence is gained from the com- 
mercial-scale demonstration of this technology. 
The primary objective of the Baca Geothermal 
Demonstration Power Plant Project, therefore, 
is to provide that confidence through a first- 
of-a-kind commercial-scale fifty-megawatt 
demonstration of the production of electric 
power from a liquid-dominated hydrothermal re- 
source in the United States. 

The Baca Geothermal Demonstration Power Plant 
Project is organized and largely cost-shared 
under a cooperative agreement which casts the 
U. S .  Department of Energy (DOE), Public 
Service Company of New Mexico (PNM), and Union 
Geothermal Company of New Mexico (Union) into 
the roles of partners in a joint undertaking. 
In the absence of government participation, all 
technical and financial data generated during 
plant design, construction and operation would 
remain proprietary within the respective 
industrial firms. Under the Baca Cooperative 
Agreement, however, all such data are to be 
organized and disseminated to the public at 
the sole expense of DOE. The Baca data dis- 
semination task is being performed by 
WESTEC Services, Inc., under contract to PNM 
and Union. 

Project Data Sources 
tntegrated commercial-scale geothermal electric 
power generating plant which utilizes a liquid- 
dominated resource. As such it will include 
the geothermal field system, fluid production 
equipment, fluid transmission system, steam 
separator system, electric generating plant, 
H2S abatement system, geothermal fluid treat- 
ment and spent fluid disposal facilities, and 
a tie-in to the electric utility transmission 
network. 

The Project will be an 

M. A .  Marquis 
Department of Energy 

600 Second Street, N.W. 
Albuquerque, NM 87102 

All technical data from the Project and most 
routine interpretation of technical data will 
be available for dissemination without re- 
striction. However, any computer programs, 
proprietary interpretive methods, correlations 
derived from operations outside the Project, 
and information regarding contractual rela- 
tionships will generally not be made available 
for dissemination. 

The following categories of data are anticipa- 
ted to be made available from this Project: 

Financial 
- Capital Costs 
- Resource Development Costs 
- Owners' Costs 
- Operations and Maintenance Costs 
- Fuel Costs 
- Total Generation Costs 

LegalILicensinglPermitting 
- A Case History of the Regulatory Process 
Required for the Baca Project 

0 Facilities Engineering and Operations 
- Engineering and Economic Evaluations 
- Engineering Design Documents 
- Engineering Planning Evaluations 
- Operations and Maintenance Reports 
- Comparisons of Design vs. Actual 

- Operational Characteristics Evaluations 
- Injection Data Evaluations 
- Metallurgical and Chemical Analyses of 

Performance 

Materials Problems 

Environmental Monitoring 
- Ecology and Water Quality Monitoring 
Including Characterization of the 
Botanical, Zoological, and Hydrological 
Ecology of the Project Region 

- Meteorology and Air Quality Monitoring, 
Resulting in Implementation of a Network 
of Monitoring Stations for Air Quality 
and Site Meteorology 

Exploration Data 
- Vertical and Horizontal Ground Movement 
Evaluations 
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Exploration Data (Continued) 
- Gravity and Tilt Measurement Evaluations 
- Near-Surface Temperature Measurement 

- Electrical Resistivity Studies 
- Telluric Studies 
- Formation Rock Properties 

Evaluations 

Resource Development/Production 
(Subsurface) Data 
- Pressure Transient Analyses 
- Interference Test Analyses 
- Interpretation of Tracer Studies 
- Injectivity of the Reservoir 
- Reservoir Performance Predictions 
- Integrated Reservoir Case History 

Information User Groups Very simply, the 
purpose of the Baca Data Dissemination Program 
is to link the Project data sources to a 
potentially broad spectrum of information 
users and to ultimately provide these infor- 
mation users with the data they need to gain 
the confidence in this unfamiliar technology 
required to stimulate further commercial 
development of this energy resource. 

Major sources of project data will include the 
power plant, the production system, and all 
associated geological, geophysical, subsur- 
face, environmental, legal and financial data 
as outlined in the preceding section. Potential 
users of these data include industrial organi- 
zations such as utilities, resource developers, 
architect-engineering firms, and equipment 
manufacturers; financial institutions rank 
high as desired potential data users. Addi- 
tional anticipated data users include research 
and academic groups, technical support and 
field support service organizations, resource 
conservation and regulatory agencies, and 
special interest groups. Each of these generic 
groups will have specific information require- 
ments necessary to influence decisions affect- 
ing their future involvement in geothermal 
projects. One immediate goal of the Baca Data 
Dissemination Program is to identify and plan 
for addressing these specific information user 
requirements. 

Information Dissemination Planning The pri- 
mary objective of the Baca Data Dissemination 
Program is to provide the generic information 
user groups, identified in the previous 
section, with quantitative bases for assessing 
the technological and economic risks and bene- 
fits associated with geothermal development. 
To meet this objective, an Information Dissem- 
ination Plan has been in preparation which 
will clearly define exactly who each of the 
user groups are and what information content 

and form is acceptable to each. To aid in 
this planning effort, an industrial and finan- 
cial community survey has been formulated to 
identify the specific information needs of 
each user group addressed. 

Once the findings of the industrial and 
financial community survey have been evalu- 
ated,a basic plan for communicating with each 
of the several user groups will be formulated. 
The conceptual approach for information commu- 
nication calls for a series of modular summary 
report units to be formulated (including both 
financial and technical report formats), which 
will be combined into assemblies appropriate 
to each user group, and disseminated. In some 
instances, more detailed information will be 
available to the information user, upon re- 
quest, in the form of Topical Reports and 
Quarterly Technical Progress Reports. In 
addition, an annual Baca Project Symposium 
will be conducted in Albuquerque, New Mexico, 
to stimulate better communication and inter- 
action between the information users and the 
project data analysts. The first such 
symposium is tentatively scheduled for the 
late-1980/early-1981 time frame. 

Present Status WESTEC Services, Inc. has 
mobilized a project team with extensive geo- 
thermal experience to implement the Baca Data 
Dissemination Program. Systems, Science and 
Software is providing the evaluation of geo- 
logical, geophysical, and subsurface data, 
while Coopers and Lybrand is providing the 
project financial analyses. WESTEC Services 
is providing the overall program management as 
well as the evaluation of power plant, produc- 
tion system, environmental, legal and institu- 
tional- data. 

A total of over sixty reports or studies rela- 
ting to the Baca Project have already been 
prepared by PNM and Union. Executive Summar- 
ies of these reports are presently being pre- 
pared and will be available to industry by 
contacting WESTEC Services' Albuquerque Office. 
The Information Dissemination Plan is expected 
to be completed in July 1980 along with the 
first Baca Project Quarterly Technical Pro- 
gress Report. The first Modular Summary Re- 
ports can be expected to appear in early-1981. 
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BINARY CYCLE GEOTHERMAL DEMONSTRATION POWER PLANT 

NEW DEVELOPMENTS 
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I 

Robert  G. Lacy and W i l l i a m  0. Jacobson 
San Diego Gas & E l e c t r i c  Company 

P o s t  O f f i c e  Box 1831 
San Diego, C a l i f o r n i a  92112 

(714)  235-7754 

Background 
geothermal e x p l o r a t i o n  and development i n  
t h e  Imper i a l  Va l l ey  s i n c e  1971. SDG&E cur- 
r e n t l y  h a s  i n t e r e s t s  i n  the  fou r  geothermal 
r e s e r v o i r s  shown i n  F i g u r e  1. 

SDG&E h a s  been a s s o c i a t e d  w i t h  
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FIGURE I 
IMPERIAL VALLEY GEOTHERMAL RESERVOIRS 

LOCATION MAP 

Major SDG&E a c t i v i t i e s  ( o r  a c t i v i t i e s  of i t s  
s u b s i d i a r y ,  New Alb ion  Resources  Co. [NARCO]) 
have inc luded  d r i l l i n g  and f low t e s t i n g  
geothermal e x p l o r a t i o n  wells,  f e a s i b i l i t y  and 
p rocess  flow s t u d i e s ,  small-scale f i e l d  
t e s t i n g  of power p rocesses  and equipment, and 
p i l o t  p l a n t  scale tes t  f a c i l i t y  des ign ,  
cons  t r u c  t i o n  and opera t ion .  Suppor t ing  
a c t i v i t i e s  have inc luded  geothermal l e a s i n g ,  
a c q u i s i t i o n  of l and  and water r i g h t s ,  pu r sua l  
of a major  new t r a n s m i s s i o n  l i n e  t o  c a r r y  

Imper i a l  Va l l ey  geothermal and o t h e r  sou rces  
of power tb San Diego, and suppor t  of Magma 
E l e c t r i c ' s  10 MW Eas t  Mesa Geothermal Power 
P lan t .  Curren t  planned SDG&E e f f o r t s  emphasize 
commercial s c a l e  p lanning ,  r i s k  r e d u c t i o n ,  and 
development . 
EPRI-sponsored work l e a d i n g  t o  t h i s  p r o j e c t  
has  been heav i ly  r e l i e d  upon. F i e l d  t e s t i n g ,  
envi ronmenta l  b a s e l i n e ,  and f e a s i b l i t y  s t u d i e s  
were used as a p o i n t  of d e s i g n  d e p a r t u r e  f o r  
Heber Binary P r o j e c t  des ign ,  development, and 
op t imiza t ion .  I n  1975, EPRI commissioned The 
Ben Hol t  Company and Procon, Inc . ,  t o  perform 
a s tudy  (EPRI Research  P r o j e c t  580) of t h e  
f e a s i b i l i t y  of c o n s t r u c t i n g  and ope ra t ing  a 
geothermal  demonst ra t ion  power p l a n t  u t i l i z i n g  
low-sa l in i ty ,  l iquid-dominated hydrothermal 
r e sources .  The s tudy  o r i g i n a l l y  cons idered  
16  r e s e r v o i r s  i n  the  Western United S t a t e s  bu t  
narrowed t h e  c h o i c e  f o r  d e t a i l e d  a n a l y s e s  t o  
3 p o t e n t i a l  s i tes .  B r i e f l y ,  t h e  s tudy  
concluded t h a t  t h e  Heber geothermal r e s e r v o i r  
i n  Southern  C a l i f o r n i a ' s  Imper i a l  Val ley  was 
t h e  b e s t  l o c a t i o n  f o r  t h e  demonst ra t ion  p l a n t ,  
that the  b ina ry  c y c l e  would produce power a t  a 
lower  c o s t  than  t h e  two o t h e r  thermodynamic 
c y c l e s  eva lua ted  f o r  t h a t  s i t e ,  and t h a t  a 
demons t r a t ion  p l a n t  producing approximate ly  
5 0  MWe should be c o n s t r u c t e d  t o  demonst ra te  
t h e  commercial p o t e n t i a l  of power produced 
from liquid-dominated geothermal  r e sources  i n  
the  U n i t e d  States.  The Heber Binary P r o j e c t  
i s  based on t h e  r e s u l t s  of t h e  f e a s i b i l i t y  
s t u d y ,  and work h a s  cont inued  i n  r e s e r v o i r  
a n a l y s i s  and p l a n t  d e s i g n  s i n c e  t h a t  time. 

SDG&E conducted h e a t  exchanger tests a t  t h e  
Heber r e s e r v o i r  fop  EPRI beginning  i n  1974, 
which showed minimal problems i n  handl ing  t h e  
Heber b r ine .  I n  1975, SDG&E's i n t e r e s t  w a s  
f u r t h e r  he ightened  when Chevron Resources 
Company, Inc . ,  t h e  major  geothermal lease- 
h o l d e r  a t  Heber, approached SDG&E w i t h  a n  
o f f e r  t o  s e l l  h e a t  from t h e  r e s e r v o i r  f o r  u se  
i n  a geothermal  power p l a n t .  A f t e r  t h e  EPRI 
f e a s i b i l i t y  s tudy  s e l e c t e d  t h e  Heber r e s e r v o i r  
as  t h e  b e s t  s i t e  f o r  t h e  demonst ra t ion  p l a n t ,  
SDG&E began conduct ing  a n  environmental  base- 
l i n e  d a t a  a c q u i s i t i o n  s tudy  f o r  g a t h e r i n g  
b a s e l i n e  envi ronmenta l  i n fo rma t ion  a t  t h e  
r e s e r v o i r  t o  h e l p  a s s e s s  t h e  f u t u r e  p o t e n t i a l  
impacts  of geothermal  development. 
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SDG&E h a s  been planning a commercial-sized 
geothermal  demons t r a t ion  p l a n t  f o r  a cons ide r -  
a b l e  l e n g t h  of t i m e .  
t h e  F e d e r a l  government t o  fund a 50 MW demon- 
s t r a t i o n  power p l a n t  was inc luded  i n  a 1975 
c o n t r a c t  f o r  t he  Niland Geothermal Loop 
Experimental  F a c i l i t y .  
ag ing  r e s u l t s  of  t h e  EPRI f e a s i b i l i t y  s t u d y ,  
f i e l d  t e s t s ,  and environmental  s t u d i e s ,  SDG&E 
decided i n  mid-1976 t o  begin assembling a 
p r o j e c t  team t o  pursue Fede ra l  government 
suppor t  f o r  t h e  c o n s t r u c t i o n  and o p e r a t i o n  of 
a commercial-scale demons t r a t ion  p l a n t  a t  t h e  
Heber r e s e r v o i r .  From t h e  o u t s e t ,  SDG&E 
recogn ized  t h a t  s u b s t a n t i a l  e x t e r n a l  funding 
s u p p o r t  would be needed t o  reduce t h e  r i s k s  
of  unde r t ak ing  t h i s  f i rs t -of-a-kind demon- 
s t r a t i o n  p r o j e c t  t o  a n  a c c e p t a b l e  l e v e l .  
S i n c e  t h e  b e n e f i t s  would be r e p r e s e n t a t i v e  
and a p p l i c a b l e  t o  a broad s e c t i o n  of t h e  
i n d u s t r y ,  Fede ra l  a s s i s t a n c e  appeared t o  be  
w e l l  j u s t i f i e d .  P a r t i c i p a t i o n  i n  t h e  con- 
s t r u c t i o n  and o p e r a t i o n  of t h e  Heber Binary 
P r o j e c t  was a l s o  s o l i c i t e d  from 26 w e s t e r n  
u t i l i t i e s  and s e v e r a l  C a l i f o r n i a  S t a t e  govern- 
men t a l  agenc ie s .  

An o p t i o n  f o r  SDG&E o r  

Because of t h e  encour- 

Fol lowing the  r e q u e s t  f o r  Fede ra l  f i n a n c i a l  
a s s i s t a n c e ,  i t  w a s  decided t h a t  SDG&E would 
a c t  as t h e  p r o j e c t  manager and t h e  p r i n c i p a l  
owner of t h e  power p l a n t .  Other  u t i l i t i e s  
i n t e r e s t e d  i n  p a r t i c i p a t i n g  a s  p l a n t  owners 
inc luded  t h e  Imper i a l  I r r i g a t i o n  Dis t r ic t ,  
Los Angeles Department of Water and Power, 
and Sou the rn  C a l i f o r n i a  Edison Company. EPRI 
w a s  t o  be  t h e  major  c o n t r i b u t o r .  Other  
c o n t r i b u t o r s  t o  t h e  p r o j e c t  were t o  be Nevada 
Power Company, P o r t l a n d  General  E l e c t r i c ,  
Repub l i c  Geothermal,  Inc. ,  Geothermal Resources  
I n t e r n a t i o n a l ,  Inc. ,  C a l i f o r n i a  Department of 
Water Resources ,  and t h e  C a l i f o r n i a  Energy 
Commission. Although t h e  f i n a n c i a l  r i s k  w a s  
sp read  among a number of owners and c o n t r i b -  
u t o r s ,  i t  was c l e a r  t h a t  major  F e d e r a l  
s u p p o r t  would s t i l l  be r equ i r ed .  

I n  e a r l y  1977, i n  o r d e r  t o  p r e s e n t  a compre- 
hens ive  p roposa l  t o  t h e  Fede ra l  government, 
SDG&E began n e g o t i a t i o n s  w i t h  t h e  p a r t i c i p a n t s  
and w i t h  t h e  Chevron Resources  Company, which 
was t o  supply t h e  geothermal  energy from t h e  
r e s e r v o i r  . 
A t  abou t  t h a t  t i m e ,  DOE r e q u e s t e d  a n  Expres s ion  
o f  I n t e r e s t  (EOI) from o r g a n i z a t i o n s  d e s i r i n g  
t o  p a r t i c i p a t e  i n  a demons t r a t ion  p r o j e c t  f o r  
t h e  u t i l i z a t i o n  of geothermal  energy f o r  
e lec t r ic  power g e n e r a t i o n .  SDG&E and o t h e r  
p a r t i c i p a n t s  submit ted a n  E O 1  i n  June  1977, t o  
o b t a i n  F e d e r a l  funding. It was assumed t h a t  
because t h e  proposed Heber p l a n t  >had unique 
m e r i t s ,  proven need,  and w a s  w e l l  enough de- 
f i n e d  t o  meet a l l  of t h e  q u a l i f y i n g  c r i te r ia ,  
F e d e r a l  funding was h i g h l y  l i k e l y .  
p l ann ing  proceeded on t h e  assumption t h a t  DOE 

The re fo re ,  

would q u i c k l y  become a p a r t i c i p a n t  i n  t h e  
Heber p r o j e c t .  However, DOE r eques t ed  d e t a i l -  
ed des ign  r e sponses  t o  a Program Opportuni ty  
No t i ce  (PON) f o r  a geothermal  demons t r a t ion  
p r o j e c t  w i t h  a n  unspec i f i ed  p rocess  u t i l i z i n g  
a n  unspec i f i ed  geothermal f l u i d  a t  unspec- 
i f i e d  cond i t ions .  

SDG&E and t h e  o t h e r  p a r t i c i p a n t s  t hen  sub- 
m i t t e d  a response t o  t h e  PON i n  January 1978. 
P re l imina ry  d e s i g n  and eng inee r ing  a c t i v i t i e s  
were suspended u n t i l  DOE made i t s  announcement 
of  which of t h e  c a n d i d a t e  p r o j e c t s  would 
r e c e i v e  Fede ra l  c o s t  shar ing.  

It was l e a r n e d  i n  J u l y  1978 t h a t  DOE had 
e l e c t e d  t o  co-fund a high r e s o u r c e  tempera- 
t u r e ,  s i n g l e  s t a g e ,  f l a s h  power p l a n t  p r o j e c t  
and t h a t  Fede ra l  funding would no t  be a v a i l -  
a b l e  t o  develop t h e  h ighe r  r i s k ,  b u t  poten- 
t i a l l y  more widely a p p l i c a b l e ,  commercial-size 
b i n a r y  c y c l e  demons t r a t ion  p l a n t  p r o j e c t .  
Although a d d i t i o n a l  funding was sought  from 
v a r i o u s  sou rces  ( i n c l u d i n g  t h e  e x i s t i n g  
p a r t i c i p a n t s ,  EPRI, and o t h e r  i n t e r e s t e d  
p a r t i e s ) ,  s u f f i c i e n t  funding was n o t  a v a i l a b l e  
and t h e  o r i g i n a l  p r o j e c t  was t e rmina ted  a t  t h e  
end of 1978. 

Recent Even t s  
t h e  b i n a r y  c y c l e  p l a n t ,  i n  August 1979, t h e  
Congres s iona l  managers of a n  a p p r o p r i a t i o n s  
b i l l  d i r e c t e d  DOE t o  "proceed wi thou t  f u r t h e r  
d e l a y  w i t h  t h e  development of a 50 MW b ina ry -  
c y c l e  conve r s ion  geothermal  demons t r a t ion  
p l an t . .  . [and]  t o  s e l e c t  a s i t e  f o r  t h i s  
demons t r a t ion  p l a n t  w i t h i n  t h r e e  months." 
(Energy and Water Development Appropr i a t ion  
B i l l ,  1980, Conference Report  No. 96-388, 
9 6 t h  Cong., 1 s t  S e s s . ,  p. 22.)  DOE was t h u s  
r e q u i r e d  by Congress t o  select  a p l a n t  s i t e  
and t o  beg in  n e g o t i a t i o n s  f o r  t h e  c o n s t r u c t i o n  
and o p e r a t i o n  of a b i n a r y  c y c l e  p l a n t .  

SDG&E w a s  g r e a t l y  i n t e r e s t e d  i n  t h e s e  develop- 
ments because of i t s  e x t e n s i v e  e a r l i e r  involve-  
ment i n  proposing a b i n a r y  c y c l e  demons t r a t ion  
p l a n t  a t  t h e  Heber r e s e r v o i r .  SDG&E c o n s u l t e d  
w i t h  o t h e r  u t i l i t i e s  and i n t e r e s t e d  p a r t i e s  
and decided t o  a g a i n  s o l i c i t  government funding 
f o r  a b i n a r y  p l a n t  a t  Heber. 

SDG&E ob ta ined  e x p r e s s i o n s  of i n t e r e s t  from 
o t h e r  u t i l i t i e s  t o  p a r t i c i p a t e  i n  a new Heber 
b i n a r y  c y c l e  demons t r a t ion  p l a n t .  
I r r i g a t i o n  D i s t r i c t ,  Sou the rn  C a l i f o r n i a  
Edison Company, and C a l i f o r n i a  Department of 
Water Resources  a l l  expressed a n  i n t e r e s t  i n  
s h a r i n g  i n  t h e  power o u t p u t ,  a s  w e l l  a s  t h e  
c o n s t r u c t i o n  and o p e r a t i o n  c o s t s  of  t h e  
p r o j e c t .  In a d d i t i o n ,  EPRI a l s o  i n d i c a t e d  
t h a t  i t  would a g a i n  c o n s i d e r  a p roposa l  t o  
c o n t r i b u t e  funds t o  a b i n a r y  c y c l e  demon- 
s t r a t i o n  p l a n t  a t  Heber on beha l f  of  t h e  
United S t a t e s  e l e c t r i c  u t i l i t y  i n d u s t r y .  

To e x p e d i t e  t h e  development of 
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I n  December 1979, SDG&E siibmitted a n  unsol- 
i c i t e d  p roposa l  t o  DOE and EPRI t o  o b t a i n  
f i n a n c i a l  a s s i s t a n c e  f o r  t h e  des ign ,  con- 
s t r u c t i o n ,  and o p e r a t i o n  of a commercial- 
s i z e d  nominal 50 MW b i n a r y  c y c l e  demons t r a t ion  
p l a n t .  T h i s  proposa l  was based upon t h e  
p rev ious  p r o j e c t ,  bu t  w a s  updated t o  c u r r e n t  
i n fo rma t ion  on t h e  s i t e ,  p a r t i c i p a n t s ,  scope ,  
r e g u l a t o r y  approva l s ,  c o s t ,  and schedule.  

I n  con junc t ion  w i t h  t h i s  p roposa l ,  SDG&E 
reques t ed  and was g ran ted  s p e c i a l  rate 
t r ea tmen t  f o r  SDG&E c o s t s  a s s o c i a t e d  w i t h  
t h i s  p r o j e c t  by t h e  C a l i f o r n i a  Pub l i c  U t i l i t i e s  
Commission i n  January 1980. R&D funds  w i l l  
be  used by SDG&E t o  suppor t  t h i s  p r o j e c t .  

DOE s e l e c t e d  Heber as t h e  s i t e  f o r  b i n a r y  
c y c l e  demons t r a t ion  i n  Janua ry  1980. I n  
March 1980, DOE accepted  SDG&E's proposa l  as 
a b a s i s  of n e g o t i a t i o n  f o r  a Coopera t ive  
Agreement. Nego t i a t ions  w i t h  DOE were i n i t i -  
a t e d  on March 27, 1980. 

The EPRI Geothermal Program Committee approved 
t h e  p r o j e c t  i n  January  1980. The i r  Renewable 
Energy Systems Task Force  approved t h e  p r o j e c t  
i n  February  1980, and t h e  Advanced Power 
Systems D i v i s i o n a l  Committee a l s o  approved t h e  
p r o j e c t  du r ing  March 1980. F i n a l  EPRI Board 
of D i r e c t o r s  approval  of t h e  p r o j e c t  occur red  
i n  May 1980. 

P r o j e c t  D e s c r i p t i o n  The o b j e c t i v e s  of t h e  
Heber Binary P r o j e c t  are ( 1 )  t o  demonst ra te  
t h e  p o t e n t i a l  of moderate-temperature geo- 
thermal  energy  t o  produce economic e l e c t r i c  
power w i t h  b i n a r y  c y c l e  conve r s ion  technology; 
( 2 )  t o  a l l o w  t h e  sca l ing-up  and e v a l u a t i o n  of 
t h e  performance of b i n a r y  c y c l e  technology i n  
geothermal  s e r v i c e ;  ( 3 )  t o  e s t a b l i s h  schedu le ,  
c o s t  and equipment performance, r e s e r v o i r  per- 
formance, and t h e  envi ronmenta l  a c c e p t a b i l i t y  
of such  p l a n t s ;  and ( 4 )  t o  r e s o l v e  unce r t a in -  
t i e s  a s s o c i a t e d  w i t h  t h e  r e s e r v o i r  performance, 
p l a n t  o p e r a t i o n ,  and economics. 

Such a demons t r a t ion  p l a n t  would be t h e  f i r s t  
l a r g e - s c a l e  power gene ra t ing  f a c i l i t y  i n  t h e  
U. S. u t i l i z i n g  t h e  b ina ry  conve r s ion  process .  
It i s  expec ted  t h a t  i n fo rma t ion  r e s u l t i n g  from 
t h i s  demons t r a t ion  p l a n t  w i l l  be  a p p l i c a b l e  t o  
a wide range  of moderate-temperature,  low 
s a l i n i t y  hydrothermal r e s e r v o i r s .  E igh ty  
p e r c e n t  of U.S. geothermal r e s e r v o i r s  f a l l  i n t o  
t h i s  ca tegory .  

The b i n a r y  c y c l e  energy conve r s ion  p rocess  t o  
be  employed i s  a n  advanced concept  that h a s  t h e  
major advantage  of be ing  capab le  of conver t -  
i ng  a g r e a t e r  amount of geothermal h e a t  from 
moderate tempera ture  b r i n e s  i n t o  new electric 
pober. Heber beginning-of - l i fe  and end-of - l i fe  
c o n d i t i o n s ,  shown i n  Table  1, i n d i c a t e  t h a t  t h e  
b i n a r y  c y c l e  may b e  capab le  of u t i l i z i n g  

approximate ly  40% less geothermal  f l u i d  pe r  n e t  
k i l o w a t t  gene ra t ed  than  the  d u a l  f l a s h  cyc le .  

B I N A R Y  CYCLE DUAL F L A S H  CYCLE 
DESCRIPlION - BOL - EOL e - EOL 

Brine Supply Mode Liquid Liquid Two Two 
Phase Phase Phase Phase 

Brine Flow Rate. MM Lbr/Hr 7 1 4  8.88 9  8 1 2  7 

Brine S u p ~ l y  Temperature 
Degrees F 3 6 0  338  2 9 3  2 9 3  

Brine Return Temperature 
Degrees F 160 1 6 0  215  215  

Net Cycle E f f ,  Percent 1 1  2  1 1 . 0  11 6 107  

C W Flow Rate. GPM 1 2 9 . 5 0 0  134 ,300  145 .900  161 .500  

TABLE 1 

C O M P A R A T I V E  PERFORMANCE 
I B I N A R V  VERSUS D U A L  FLASH1 

A s  geothermal  power p l a n t s  become l a r g e r  ( t o  
t a k e a d v a n t a g e  of economies of scale) and 
a v a i l a b l e  h igh  tempera ture  r e s o u r c e s  become 
f u l l y  deve loped ,  t h e  predominant c o s t  a s s o c i a t e d  
w i t h  producing geothermal power w i l l  be  r e l a t e d  
t o  b r i n e  supply  and d i s p o s a l  c o s t s  which w i l l  
be s i g n i f i c a n t l y  reduced f o r  a g i v e n  s i z e  
b i n a r y  p l an t .  I n  a d d i t i o n ,  i f  c u r r e n t  r e s e a r c h  
and development a c t i v i t i e s  a r e  s u c c e s s f u l  ( i . e . ,  
d i r e c t  c o n t a c t  h e a t  exchangers and down ho le  
t u r b i n e  d r i v e n  pumps), t h i s  cou ld  f u r t h e r  re- 
duce c o s t s .  Binary c y c l e  technology w i l l  a l s o  
i n c r e a s e  t h e  t o t a l  p o t e n t i a l  ou tpu t  of each  
geo t hermal resource .  

However, t o  r e a l i z e  a l l  of t h e s e  p o t e n t i a l  
b e n e f i t s ,  b i n a r y  c y c l e  technology must be  
proven on a commercial s i z e .  Commercial 
r e l i a b i l i t y ,  s a f e t y ,  and c o s t s  must be e s t a b -  
l i s h e d .  Much of t h e  technology i s  now i n  
e x i s t e n c e  and being proven i n  geothermal  p i l o t  
p l a n t s  and o t h e r  a p p l i c a t i o n s .  However, t h i s  
technology h a s  n o t  been proven on a commercial 
scale. The major  p l a n t  components, such  as 
t h e  hydrocarbon t u r b i n e ,  have n o t  been  con- 
s t r u c  t ed  i n  t h i s  s i z e .  

Power Cycle  D e s c r i p t i o n  The power c y c l e  con- 
s i s t s  o f  a geothermal b r i n e  loop  and a hydro- 
ca rbon  b i n a r y  l o o p  a s  shown on F igu re  2. The 
geothermal  b r i n e  i s  d e l i v e r e d  t o  t h e  power 
p l a n t  under l i q u i d  phase (nonf l a sh ing )  con- 
d i t i o n s  from pumped w e l l s  a t  a tempera ture  of 
approximate ly  360'F and a p r e s s u r e  of 200 
ps ig .  Temperatures are expected t o  d e c l i n e  
w i t h  t i m e  as t h e  r e s e r v o i r  i s  developed. The 
b r i n e  loop  c o n t a i n s  a bank of e i g h t  s h e l l  and 
tube  h e a t  exchangers  a r ranged  i n  a series 
p a r a l l e l  con f igu ra t ion .  The the rma l ly  s p e n t  
b r i n e  i s  r e t u r n e d  f o r  i n j e c t i o n  t o  t h e  geo the r -  
m a l  r e s e r v o i r  a t  a minimum tempera ture  of 160°F. 

The b ina ry  l o o p  c o n t a i n s  t h e  hydrocarbon 
working f l u i d  and p rov ides  f o r  t he  t r a n s f e r  
of geothermal  energy from t h e  b r i n e  t o  t h e  
hydrocarbon tu rb ine .  The hydrocarbon i s  
p r e s s u r i z e d  and hea ted  under s u p e r c r i t i c a l  
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c o n d i t i o n s  b e f o r e  e n t e r i n g  t h e  t u r b i n e  
t h r o t t l e  a t  575 p s i a  and 305'F. The working 
f l u i d  i s  expec ted  t o  be  a mix tu re  of 90 mole 
pe rcen t  i sobu tane  and 10  mole pe rcen t  
i sopentane.  

The power c y c l e  c o n t r o l  system i s  des igned  
f o r  base  load  t u r b i n e  g e n e r a t o r  o p e r a t i o n  
w i t h  l i m i t e d  load  v a r i a t i o n s  r e s u l t i n g  from 
d a i l y  and seasona l  tempera ture  changes and 
e lec t r ica l  system demand. The c o n t r o l s  are 
capab le  of ma in ta in ing  system f requency  du r ing  
p e r i o d s  when t h e  p l a n t  ou tpu t  r e p r e s e n t s  a 
major  p a r t  of t h e  power r e s e r v e s  on t h e  g r i d .  

The power p l a n t  i s  a n  outdoor-type s t a t i o n  
having  a n e t  power ou tpu t  of 45 MW. The 
ou tdoor  concept  provides  f o r  t h e  t u r b i n e  
g e n e r a t o r  and o t h e r  major  equipment t o  be  
i n s t a l l e d  o u t s i d e  so a s  t o  reduce  c a p i t a l  
c o s t  and minimize s a f e t y  haza rds  a s s o c i a t e d  
w i t h  t h e  handl ing  and containment of t h e  
hydrocarbon working f l u i d ;  

The p l a n t  s i t e  c o n t a i n s  b o t h  t h e  power p l a n t  
and b r i n e  p roduc t ion  f a c i l i t i e s .  The b r i n e  
r e i n j e c t i o n  wells are l o c a t e d  about  2.5 m i l e s  
no r thwes t  of t h e  p l a n t  s i te .  The power p l a n t  
p l o t  p l an  i s  shown on F igure  3. The combined 
power p l a n t / p r o d u c t i o n  i s l a n d  r e q u i r e s  j u s t  
under  20 ac re s .  

The long  h i s t o r y  o f  e x p l o r a t i o n  and develop- 
ment of t h e  Heber Rese rvo i r  h a s  r e s u l t e d  i n  
one  of t h e  most w e l l  unders tood  hydrothermal 
r e s o u r c e s  i n  t h e  United S t a t e s .  After e a r l y  
e x p l o r a t i o n  and w e l l  t e s t i n g  by s e v e r a l  
r e s o u r c e  deve lope r s ,  NARCO, Magma Energy Inc . ,  
and Chevron Resources  Company agreed  t o  j o i n  
i n  a test  program t o  e v a l u a t e  the  geothermal 
r e s o u r c e s  i n  t h e  Heber area and t o  de te rmine  
t h e  p o t e n t i a l  f o r  commercial development. 
The program w a s  under taken  i n  1973 t o  e s t a b -  
l i s h  t h e  s i z e ,  and o t h e r  c h a r a c t e r i s t i c s ,  of 
t h e  Heber geothermal r e s e r v o i r  and t o  d e t e r -  
mine th?e r e l i a b i l i t y  and o p e r a t i n g  cha rac t e r -  
i s t i c s  of w e l l  pumps and o t h e r  equipment 
n e c e s s a r y  f o r  p roduc t ion  and i n j e c t i o n  of t h e  
geothermal  f l u i d .  

The r e s e r v o i r  e v a l u a t i o n  program cont inued  i n  
1974, and two a d d i t i o n a l  w e l l s  were d r i l l e d  
on a cos t - sha r ing  b a s i s  by Chevron, Magma, and 
NARCO. In 1976, Union Geothermal, which a l s o  
ho lds  l e a s e s  i n  the  Heber r e s e r v o i r ,  commenced 
a d r i l l i n g  program on l e a s e s  a d j a c e n t  t o  
those  of Chevron, Magma, and NARCO. Data made 
a v a i l a b l e  by Union's d r i l l i n g w e r e  exchanged 
f o r  d r i l l i n g  d a t a  c o l l e c t e d  by Chevron, Magma, 
and NARCO. In 1977, a d d i t i o n a l  w e l l s  d r i l l e d  
by Chevron and Union provided a more d e t a i l e d  
unders tanding  of t h e  geothermal  r e s e r v o i r .  
The subsequent  f u l l  r e s e r v o i r  a n a l y s e s  i n d i -  
c a t e d  500 MW o f  power p roduc t ion  p o t e n t i a l  
from t h e  Heber r e s e r v o i r .  

A f t e r  NARCO acqui red  Magma's l e a s e  i n t e r e s t s  
a t  Heber, n e g o t i a t i o n s  invo lv ing  Union O i l ,  
Chevron Resources Company, and NARCO began i n  
1977 f o r  t h e  u n i t i z a t i o n  of t h e  Heber geo- 
thermal f i e l d .  These n e g o t i a t i o n s  cu lmina ted  
i n  1978 w i t h  t h e  s ign ing  of t h e  Heber Uni t  
Agreement, w i t h  NARCO c o n t r o l l i n g  9.2%, 
Chevron 61.6%, and Union 29.2%. Chevron, 
a c t i n g  as  o p e r a t o r  f o r  t h e  u n i t ,  f i l e d  w i t h  
Imper i a l  County f o r  G-overlay zoning f o r  t he  
geothermal  r e s e r v o i r  and c o n d i t i o n a l  u se  
pe rmi t s  f o r  t h e  development and o p e r a t i o n  of 
t h e  geothermal f i e l d .  The rezoning  and t h e  
c o n d i t i o n a l  u se  pe rmi t s  were g ran ted  by t h e  
County i n  mid-1978. 

The Heber Binary P r o j e c t  i s  expec ted  t o  be  i n  
s e r v i c e  i n  the  e a r l y  1980 ' s  w i t h  p roduc t ion  
of geothermal h e a t  f o r  t he  g e n e r a t i o n  of 
power. 
Union f o r  purchase  of geothermal  hea t .  I n  
a d d i t i o n ,  Southern  C a l i f o r n i a  Edison  has  
s igned  a c o n t r a c t  w i t h  Chevron f o r  t h e  supply  
of geothermal h e a t  t o  a steam f l a s h  p l a n t  on 
t h e  Heber r e s e r v o i r  by 1982. 

SDG&E i s  n e g o t i a t i n g  w i t h  Chevron and 

F igure  4 shows some of t h e  wells and i n c l u d e s  
t h e  r e s e r v o i r  tempera ture  p r o f i l e  t o  a d e p t h  
of 6000 f e e t .  Extens ive  w e l l  f low and i n j e c -  
t i o n  t e s t i n g  and a n a l y s i s  g i v e s  h igh  conf idence  
that t h i s  r e s o u r c e  w i l l  r e l i a b l y  suppor t  t h e  
p r o j e c t .  

The mas te r  s chedu le  i s  shown i n  F igu re  5. A 
s t r o n g  DOE funded d a t a  a c q u i s i t i o n  and dissem- 
i n a t i o n  e f f o r t  i s  expec ted  t o  cont inue  through- 
o u t  most of t h e  p r o j e c t  l i f e .  P l a n t  a c t i v i t i e s  
a r e  t o  be c l o s e l y  i n t e g r a t e d  w i t h  wells and 
f i e l d  e f f o r t s .  

Cur ren t  S t a t u s  Cur ren t  p r o j e c t  a c t i v i t i e s  a s  
of t h i s  w r i t i n g  c o n s i s t  predominantly of 
c o n t r a c t  n e g o t i a t i o n s ,  a s s o c i a t e d  c o n t r a c t  
suppor t  e f f o r t s ,  and d e t a i l e d  p r o j e c t  p lanning  
and c r i t e r i a  d e f i n i t i o n .  A Coopera t ive  
Agreement i s  be ing  n e g o t i a t e d  w i t h  the  Depart- 
ment o f  Energy. D r a f t s  o f  key s e c t i o n s  have 
been c i r c u l a t e d  and key i s s u e s  i d e n t i f i e d .  

EPRI Coopera t ive  Agreement and p a r t i c i p a t i o n  
agreements a r e  a l s o  be ing  nego t i a t ed .  D r a f t s  
a r e  be ing  prepared  o r  r ev i sed .  Key i s s u e s  
have a l s o  been i d e n t i f i e d .  

Remaining subcon t rac t  n e g o t i a t i o n s  a r e  i n  
process .  A c o n t r a c t  w i t h  I I D  t o  supply  water 
i s  i n  p l ace ,  w i t h  a backup water  supply  
approved by t h e  S t a t e  of C a l i f o r n i a .  Heat 
s a l e s  and eng inee r ing  c o n t r a c t s  are  be ing  
n e g o t i a t e d  . 
Ac t i v i  t i es  suppor t ing  t h e s e  n e g o t i a t i o n s  are 
a l s o  i n  process.  DOE-related a c t i v i t i e s  
r e q u i r i n g  suppor t  i n c l u d e  pre-award a u d i t s ,  
environmental  assessments ,  and coo l ing  wa te r  

/- 
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rev iew by t h e  Water Resources Council .  SDGhE 
and DOE a c t i v i t i e s  i n c l u d e  o b t a i n i n g  a l e t t e r  
o f  c r e d i t ,  rev iew and approva l  of purchas ing  
procedures ,  and suppor t  of DOE'S  d a t a  c o l l e c t i o n  
d i s s e m i n a t i o n  scope of work. 

D e t a i l e d  p r o j e c t  p lanning ,  o r g a n i z a t i o n ,  and 
c r i t e r i a  d e f i n i t i o n  a r e  i n  process .  SDG&E's 
p r o j e c t  o r g a n i z a t i o n  was i n t e r n a l l y  approved 
and a chart of accoun t s  i s  i n  p lace .  Review 
and update  of t h e  se i smic  d e s i g n  c r i t e r i a  i s  
be ing  accomplished, a long  w i t h  s o i l  t es t s  a t  
t h e  s i te .  P lans  f o r  a r e l i a b i l i t y  eng inee r ing  
program and d a t a  collection/dissemination 
i n t e r f a c e  and suppor t  are  be ing  formula ted .  
P r o j e c t  p rocedures  are be ing  updated and 
r ev i sed .  

P r o j e c t  Phi losophy Demonstrating t h e  commer- 
c i a l  scale r e l i a b i l i t y  and economics o f  t h e  
b i n a r y  c y c l e  p rocess  i s  t h e  primary cons ider -  
a t i o n  f o r  t h i s  p r o j e c t .  This h a s  r e s u l t e d  i n  a 
"s imple  and s t rong"  approach  t o  t h e  power 
p l a n t  des ign .  Use of o n l y  a s i n g l e  hydrocarbon 
loop  and f r e s h  water coo l ing  are  examples of 
t h i s  approach. The d e s i g n  w i l l  accommodate 
t h e  a n t i c i p a t e d  range of b r i n e  tempera tures  
and f low r a t e s ,  r a t h e r  t han  r e q u i r i n g  r e t r o f i t  
mod i f i ca t ions .  

P rocess  and equipment w i l l  u t i l i z e  proven, 
of f - the-she l f  hardware wherever poss ib l e .  
Geothermal b ina ry  p i l o t  p l a n t  and pe t ro-  
chemica l  i n d u s t r y  expe r i ence  w i l l  be  c a r e f u l l y  
reviewed. P rov i s ions  f o r  f u t u r e  m o d i f i c a t i o n s ,  
rep lacement ,  o r  upgrading w i l l  be cons ide red ,  
bu t  w i l l  no t  be  allowed t o  compromise t h i s  
philosophy. 

S t rong  r e l i a b i l i t y ,  s a f e t y ,  and q u a l i t y  
c o n t r o l  e f f o r t s  a r e  being planned. E f f o r t s  
w i l l  extend throughout t he  s e v e r a l  phases  
o f  t h e  p r o j e c t .  SDG&E b e l i e v e s  t h a t  
economic impact of poor p l a n t  r e l i a b i l i t y  
and a v a i l a b i l i t y  j u s t i f i e s  a s i g n i f i c a n t  
e f f o r t  i n  t h e s e  a reas .  

Summary SDG&E e x p e c t s  t o  begin  des ign  and 
c o n s t r u c t i o n  of a b i n a r y  c y c l e  demonst ra t ion  
p l a n t  i n  t h e  nea r  fu tu re .  The p r o j e c t  i s  
being supported by DOE, EPRI, f o u r  p u b l i c  and 
p r i v a t e  u t i l i t i e s ,  a s  w e l l  as t h e  C a l i f o r n i a  
P u b l i c  U t i l i t i e s  Commission. The p r o j e c t  i s  
expec ted  t o  confirm t h e  t e c h n i c a l  and economic 
s u p e r i o r i t y  o f  t h e  b i n a r y  c y c l e  p rocess  a t  a 
r e p r e s e n t a t i v e  moderate tempera ture  geothermal 
r e source ,  s t i m u l a t i n g  na t ionwide  geothermal 
development of t h e s e  c u r r e n t l y  unused r e sources .  
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POWER SYSTEM EQUIPMENT MODULE TEST PROJECT 

J. R. Schilling 
P.O. Box 4191 

Woodside, CA 94062 

Introduction The technology of electric power 
generation when applying the binary process to 
hydrothermal resources had not yet been demon- 
strated in the United States. Accordingly, on 
November 10, 1977, the Electric Power Research 
Institute and the Department of Energy, acting 
through the Lawrence Berkeley Laboratory, agreed 
to cofund the Power System Equipment Module 
Test Project. 

The Power System Equipment Module Test Project 
consisted of a field test program to accomplish 
the objectives listed below while heating hydro- 
carbon fluids to above their critical points, 
expanding these fluids, and subsequently, con- 
densing them below their critical points: 

Verify the performance of state-of-the-art 
heat exchangers in geothermal service; 

Verify the heat exchangers' performance 
heating either selected pure light hydro- 
carbons or selected mixtures of light hydro- 
carbons in the vicinity of their respective 
critical pressures and temperatures; 

Establish overall heat transfer coefficients 
that might be used for design of commercial- 
size geothermal power plants using the same 
geothermal brine and light hydrocarbon work- 
ing fluids; 

Perform and investigate the above under rep- 
resentative fluid operating conditions during 
which the produckion wells would be pumped. 

The project was accomplished by diverting ap- 
proximately 200 gpm of the flow from one of 
Magma Power Company's geothermal wells in the 
East Mesa Geothermal Field. After the heat was 
removed from the geothermal brine flow, the 
cooled flow was returned to Magma Power Company 
and recombined with the main brine stream for 
disposal by reinjection. 

Approximately five thermal megawatts was trans- 
ferred from geothermal brine to hydrocarbon 
working fluids in a closed system. This heat 
was removed from the working fluids in a con- 
denser and subsequently rejected to the environ- 
ment by a wet cooling tower. 
performance of both the working fluids and the 
system components was measured during the test 
program to achieve the project's objectives. 

The objectives for this field test program are 
considered on two levels, broad (or overall) 
objectives and specific data objectives. 

The thermodynamic 

(415) 851-1022 

Broad Objectives 

1. Determine the overall (or average) heat 
transfer parameters for one-pass, counter- 
current flow brine-secondary working fluid 
heat exchangers typical of those proposed 
for a commercial-size power plant. 

2. Observe the behavior of secondary fluids 
in processes similar to those planned for 
a commercial-size power plant. 

3 .  Confirm fouling factors for the design of 
brine/secondary fluid heat exchangers 
appropriate to a commercial-size plant. 

4. Establish heat exchanger tube-side cleaning 
procedures and the effects of procedures 
upon exchanger performance. 

Specific Objectives 

1. 

2. 

3 .  

4. 

5. 

6. 

Measure fluid temperatures and pressures of 
the brine and the secondary fluids along 
the length of the heat exchange process. 
The secondary fluids include water, iso- 
butane, isobutane/isopentane. 

Perform heat and mass balances on the heat 
exchanger and condenser for each fluid test. 

Determine overall heat transfer coefficients 
with: 

- Brine on the tube-side and water on the 
shell-side 

- Hydrocarbon on the shell-side and brine 
on the tube-side. 

- The increasing fouling factor with time 
of the brine (tube-side) with hydrocarbon 
fluids on the shell-side. 

Analyze pressure drop data to determine 
shell-side mean friction factors. 

Compare experimental results with simula- 
tions of heat transfer, pressure drop, and 
fluid properties (for each run of shell- 
side fluids). 

Determine brine-side scale compositions, 
corrosion rates, and corrosion products 
and compare with those obtained in prior 
tube and annulus experiments. 
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7. Compare experimental heat transfer data 
with results predicted using well-known 
heat transfer correlations and examine 
their validity (at the local Reynolds 
number, Prandtl number, Mean Nusselt num- 
ber data points corresponding to the heat 
exchanger sections used). 

8. Study scale removal operations and investi- 
gate possible sensitization of brine side 
(tube-side) surfaces to repeated scale re- 
moval operations by measuring scaling rates, 
corrosion rates, scale composition, and 
corrosion products. 

9. Confirm test loop design parameters and 
thus provide a benchmark for comparicon 
with design methods. 

Operations and Data Analysis Summary Test 
operations and the analysis of the recorded 
data began on Ocbober 31, 1979. All test 
operations were terminated January 16, 1980. 
Testing in accordance with the Test Plan gov- 
erning direction of the Power System Equipment 
Module Test Project was prematurely shortened 
on December 5, 1979 due to loss of hydrocarbon 
fluid through three pinhole leaks in a heat 
exchanger tube-to-tube sheet weld. Subsequent 
test operations occurring in January 1980 were 
based on knowledge gained during the prior 
test work and recognized that several of the 
goals and specific project objectives could 
not be met with the character of the geothermal 
brine used for testing purposes. 

The geothermal brine was found to be gener- 
ally corrosive. No brine side fouling 
occurred. Hence the ability to monitor this 
fouling as a function of time and to inves- 
tigate the effects of chemical cleaning of 
brine exposed surfaces did not exist. 

All test operations, both with subcritical 
and supercritical heat exchanger hydrocarbon 
fluid conditions, were found to be extremely 
stable and repeatable. A lack of exchanger- 
by-exchanger pressure measurement capability 
curtailed the ability to further investigate 
the behavior of the hydrocarbon working 
fluid near its critical point. The stable 
operation, coupled by this lack of instru- 
mentation,precluded the need to vary heat 
exchanger test conditions over small incre- 
ments. Accordingly, the detailed perform- 
ance measurements as directed by the test 
plan were unnecessary. 

Accordingly, the test operations during January 
1980 were redirected to obtaining operating 
data with hydrocarbon fluid mixtures. Even 
though the reload isobutane obtained from a 
commercial supplier in December 1979 had been 
contaminated with propane, two series of tests 
were run. The first series of hydrocarbon mix- 
ture tests included approximately 10 mole per- 
cent isopentane, the second approximately 20 
mole percent isopentane. 

All test operations were stable and easily con- 
trollable. Once a sufficient inventory of 
hydrocarbon fluid was established in the hydro- 
carbon fluid loop, predetermined process con- 
ditions could be set manually and repeatably. 
Little need existed to rely on the automatic 
control capability designed into the test sys- 
tems. Excessive manufacturing slag and machined 
chips were found in the heat exchangers causing 
uneven operation of the hydrocarbon throttle 
valve. A l s o ,  excessive temperatures in the 
cooling water caused a rapid buildup of scale 
on the cooling surfaces and on cooling water 
control valve trim. These latter two problems 
were solved in the field by primary reliance on 
manual operation of the controllers. This man- 
ual operation enhanced the operational stability 
of the Power System Equipment Module Test. 

In all, 281 data scans were completed before 
loss of the hydrocarbon inventory caused pre- 
mature termination of the hydrocarbon heat ex- 
changer isobutane performance tests. An addi- 
tional 44 data scans were completed in January 
1980 with various fluid mixtures. These in- 
cluded 19 with approximately 5 mole percent 
propane in isobutane, 20 with about 10 mole 
percent isopentane in the prior fluid, and 5 
with about 20 mole percent isopentane. Not all 
data scans were used as input to the Data Proc- 
essing System. A set of 119 data scans con- 
stitute the set of coherent data available from 
the Power System Equipment Module Test. Their 
analysis is statistically meaningful. Table 
1-1 below summarizes the test operations of and 
the data analysis available from the Power Sys- 
tem Equipment Module Test. 

The extreme fouling apparent in the conden- 
ser, coupled with the approximately four 
times excess area in the condenser all but 
eliminated the-ability to obtain detailed 
condenser performance data. 
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Table 1-1 

OPERATIONS AND DATA ANALYSIS SUMMARY 

Working 
Fluid 

>98% isobutane 

4.8% propane 
95.2% isobutane 

4.3% propane 
85.8% isobutane 
9.9% isopentane 

3.8% propane 
76.5% isobutane 
19.7% isopentane 

Test time As 8 of Number of Number of qualified 
(hrs) Total Time data scans data scans 

582 67 282 119 

24 13 19 note 1 

25 100 20 note 1 

5 100 5 

Note 1: Physical properties not available for performance analysis. 

Industrial Significance The operational and 
analytic results of the Power System Equipment 
Module Test are significant to industry in sev- 
eral basic areas. 

e Heat exchange to hydrocarbon working fluids 
and mixtures of hydrocarbon working fluids 
has been shown to be very stable at both 
subcritical and supercritical states. No 
thermal or hydraulic instability was observed 
with the various fluid states of the Rankine 
cycle used to model commercial power plant 
operations. 

Overall heat balance calculations done over 
the heating portion of working fluid Rankine 
cycle showed agreement to within 5 7 percent. 
This indicates: 

- enthalpy property data of the hydrocarbon 
fluids both above and below their critical 
state are valid for heat exchanger design 
purposes, and 

- mass flow rate ratios, geothermal brine 
to hydrocarbon working fluids, can be 
used and relied upon in optimization 
studies for commercial plant design. 

m Overall heat transfer coefficients deviate 
little from those predicted by current 
stream analysis methods. The heat transfer 
coefficients in the supercritical region are 
about 10 percent higher than predicted, those 
in the subcritical region about 10 percent 
lower. This close correspondence validates 
heat exchange duty/area requirements as cur- 
rently calculated. Further heat exchange 
design and scale-up from the sizes used for 

3 

these tests, giving consideration to the 
information developed by these tests, will 
allow heater and condenser design to within 
15 percent for applications with similar, 
nonfouling, geothermal brine characteristics. 

m Pressure drop information developed indicates 
that the pressure drops experienced by the 
hydrocarbon fluids are about 20 percent 
greater than calculated. Further heater 
and condenser design and overall system de- 
siqn must include this consideration. 

Conclusions Review of the operational and 
analytic results of the Power System Equipment 
Module Test allows several conclusions to be 
reached. 

The first operation of a supercritical 
Rankine cycle was successful. No injuries 
occurred to any operator and no damage 
occurred to any test equipment. Handling of 
the hydrocarbon fluids presented no undue 
hazard to the operators or the equipment, 
even though peening and welding operations 
were performed on the hydrocarbon system 
with the hydrocarbon at above atmospheric 
pressure. 

Operation of the test system in both super- 
critical and subcritical Rankine cycles was 
shown to be inherently stable, requiring no 
automatic control and allowing repeatable 
and accurate recording of operational data. 

Geothermal brine supply to the test system 
was steady although this brine supply came 
only from one production well. The lack of 
greater geothermal production caused a lower 

6 
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than design temperature brine supply to the 
test system limiting test operations at heat 
duties more than 5 percent above design. 
However, this does not affect the validity 
of the heat exchanger performance demonstrated 
by the test operations. 

The chemistry of the geothermal brine re- 
mained constant throughout the duration of 
the tests. The tests demonstrated the gen- 
erally corrosive character of the brine from 
the East Mesa Geothermal Field. This corro- 
sive character eliminated those goals of the 
test program directed toward determination 
and evaluation of both the scaling common to 
most geothermal brines and chemical methods 
of 'in situ' cleaning of brine exposed 
surfaces. 

The measured results from the hydrocarbon 
working fluid heat exchanger were input into 
a typical rating computer program that would 

Table 2-1 

be used by industry to design these heat ex- 
changers. The computer program is owned by 
PFE Engineering Systems, Inc. and uses a 
stream-analysis procedure to calculate the 
shell-side heat transfer and pressure drop 
coefficients. This program is similar to 
other programs generally available to all 
contractors, manufacturers, and users of 
shell and tube heat exchangers. 

The overall measured heat transfer coeffi- 
cients of the heaters were determined to an 
accuracy which varies depending on the fac- 
tors arising from data uncertainty consider- 
ations. Generally, the smaller the tempera- 
ture driving force between the hydrocarbon 
working fluids and the geothermal brine, the 
less accurate the results. Run number 110 
is selected here to illustrate the potential 
combined error inherent in the data. Table 
2-1 summarizes the measured and calculated 
results of this run. 

SUMMARY OF RUN NO. 110 

Exchanger 
Unit No. 

B1 

B2 

B3 

B4 

B5 

B6 

Brine Duty 
(lo6 Btu/hr) 

3.37 

2.20 

1.55 

1.24 

2.14 

5.05 

Hydrocarbon Measured 
Duty Over a1 1 

Difference LMTD Coefficient 
OF (Btu/hr-ft20F) 

-4.2 33.53 348.5 

-9.2 19.0 401.0 

-17.8 12.72 422.4 

-25.9 10.59 404.1 

-32.4 15.51 478.2 

-8.5 33.12 528.0 

From the above table it is clear that the data 
from units B1 and B6 will be the most accurate. 
All the heat exchange units have the same tube 
and shell side configurations except for B6. 
B6 has the same number of tubes but has double 
segmental baffles while the others have single 
segmental baffles. Since these units were in 
series, the mass flow rate was identical in 
each unit, but the velocity of the hydrocarbon 
increased unit to unit as it was heated. The 
main, difference in the performance of these 
units is that as the hydrocarbon is heated, the 

Percent 
Uncertainty Error 
Q LMTD U 

5.8 4.4 10.6 

9.0 7.7 17.9 

12.8 11.2 25.9 

16.1 13.4 31.2 

9.3 9.9 21.9 

4.0 4.6 10.0 

temperature versus enthalpy profile bows nearly 
meeting the nearly straight profile of the brine. 
The minimum temperature "pinch" for this run was 
10.20F occurring between units B2 and B3. There 
were other runs with pinches of less than five 
degrees Farenheit. This low pinch point tempera- 
ture difference generally makes the accuracy of 
the data for B2 through B5 quite low. This type 
of problem is inherent in the working fluid and 
the precision of the instrumentation and is not 
due to the manner in which the operating data 
was taken. 
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By reviewing Table 2-1, it can be seen that the 
overall heat transfer coefficient varied from the PFR shell and tube program, SAT-1. This 
348.5 to 528.0 Btu/hr ft2-OF. These values are 

consistent with values which were obtained with 

comparison is summarized in Table 2-2. 

Table 2-2 

COMPARISON OF HEAT TRANSFER COEFFICIENTS - RUN 110 

Unit No. U-Measured U-Calculated % Difference 

B1 348.5 390.0 + 11.9 
B2 401.0 39’7.0 - 1.0 

B3 422.4 449.1 + 6.3 

B4 404.1 406.7 + 0.6 

B5 478.2 480.2 f 0.6 

B6 528.0 460.0 - 12.9 

The low percentage difference from units B1 to 
B6 indicates that if competent organizations 
specializing in the design of heat exchangers 
would be given the basic process, thermodynamic, 
and transport data, the heaters and condensers 
could be designed to better than 15 percent 
accuracy for East Mesa and other geothermal 
sites with brines which have similar, minimal 
fouling characteristics. 

e The pressure drop of the isobutane through 
the exchangers increased from units B1 to B5 
because the density decreases, thereby pro- 
viding an increased velocity. The pressure 
drop for these units was calculated using 
the conditions of run 110, using the above- 
mentioned computer program, and compared to 
the overall measured values. A value of 90 
psi was calculated as compared to the 109 
psi measured. Therefore the specification 
for this type of heat exchanger should allow 
for pressure drops about 20 percent higher 
than otherwise expected. 

e The effect of fouling on the heat exchanger 
data was examined to determine its signifi- 
cance on the data. Fouling could have 
occurred on the brine or the hydrocarbon side. 
The overall heat transfer coefficients were 
plotted as a function of time. 
plot, it appears there is a drop off  in the 
performance starting in December. After 
visual inspection of the tube side it was 
determined that the brine did not foul. 
There may have been fouling on the hydrocar- 
bon side. Inspection of the hydrocarbon 

From this 

working fluid indicated the presence of a 
black substance with the appearance of iron 
oxide and water mixed with the isobutane. 
The effect of metallic fouling on the data 
runs 53-165 appeared to be insignificant. 
Since the heat exchange units are of fixed 
tube-sheet design, there is no possibility 
to verify this fouling until the shell sides 
are cut open. 

e The data from the highest temperature heat 
exchanger is extremely important because the 
isobutane was heated beyond its critical 
temperature. Theoretically it can be shown 
that heat transfer should dramatically in- 
crease at the critical point. The units 
were not instrumented to obtain internal, 
step-wise data; therefore this effect could 
not be confirmed. 

a The determining overall condensing heat 
transfer coefficients, 250 Btu/hr ft2-oF for 
isobutane and 190 Btu/hr ft2-OF for 80/20 
isobutane-isopentane mixture are within ex- 
pected industrial range for the process con- 
ditions. However, this condenser data is 
of limited value for two major reasons. 
First, fouling on the cooling water side was 
so high that it lowered the overall heat 
transfer coefficients much lower than can be 
considered normal by industry. Secondly, 
the water temperatures were much higher than 
would ever be allowed in a power producing 
cycle. 
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' d  
o The chemistry of the cooling water in the 

cooling tower was easily monitored but re- 
quired chemical addition to minimize cal- 
cium carbonate fouling. The cleanliness of 
this water was difficult to maintain due to 
the light sand and dust existing in the 
Imperial Valley environment. 

Control problems discovered during test 
operations were solved in the field pri- 
marily by manual adjustment to the con- 
troller set points. These control problems 
were due in one case to slag and machined 
chips left in the heat exchangers during 
fabrication, and in the other by excessive 
fouling caused by higher than design cool- 
ing water temperatures. 

Recommendations Review of the operations of 
the Power System Equipment Module Test and of 
the data acquisition and analysis efforts 
supports the following recommendations. These 
recommendations are divided into two groups. 
The first group addresses both practices and 
problems anticipated in commercial plant oper- 
ation. The second group of recommendations 
suggests additional modifications appropriate 
for further operations with the test equipment 
used. 

I. 

Current Heat Transfer procedures should be 
used to design the heaters and condensers. 

0 Temperature differences (pinch points) be- 
tween hot and cold streams as small as 5OF 
are thermally stable and may be used during 
optimization of the overall plant and heat 
exchanger design. 

A sump or pit should be included by design 
to: 

- handle any discharges during plant clean- 
ing and washing; 

- have the capacity to hold cold brine 
from the system during plant initial 
heat up; 

- serve as a reservoir for any fluids re- 
moved from the system during maintenance 
and repair operations. 

Primary brinefiydrocarbon heat exchanges 
should be two pass on the tube side (U 
tubes) to eliminate expansion problems and 
simplify tube-side piping. Shell and tube 
heat exchangers with removable bundles (or 
shells) should be used so that both the 
shell and tube-sides can be mechanically 
maintained and to allow the bundle to freely 
expand. 

Heat exchangers of varying size in the heater 
train should be considered. As a hydrocar- 
bon is heated the size and configuration of 
each exchanger can then be optimized. 

The control system for cooling water to the 
condenser should operate by sensing the 
flow of cooling water rather than condenser 
pressure or condenser outlet temperature. 

A knock-out pot or drum should be installed 
at circulation pump suctions to enable re- 
moval of any foreign material which may be 
circulating in the system. 

A reflex gauge glass should be installed on 
all cooling heat exchangers and at system 
low points to verify that no liquid accumu- 
lates thereat. 

Drip legs should be installed on the conden- 
ser shell bottom to collect any solids or 
liquids which may collect at the bottom of 
the condenser. A reflex gauge glass should 
be installed on these drip legs. 

If any vertical pumps are used, a bleed line 
should be installed from the bottom of their 
pump outside housing to grade to enable re- 
moval of any impurities which may settle at 
that point. 

A different design should be used for the 
welded joint between the tube sheet and 
tubes in all hydrocarbon heat exchangers. 
The tube sheets should be beveled to accept 
a fillet weld. Seal welds are not suffi- 
cient. Manufacturing procedures should be 
considered which eliminate the possibility 
of the brine entering the hydrocarbon loop 
and vice versa; double-tube sheet designs 
should be considered. 

Closer inspection should be performed during 
manufacture of equipment. Greater stress 
should be placed on onsite inspection during 
manufacture and cleanliness after testing in 
the fabrication shop. 

Inspection openings should be provided in 
each heat exchanger and vessel. 

All threaded valves and fittings in brine 
service should have exposed male ends with 
end caps. All female threads and plugs 
should be eliminated. 

Flow alarms of the paddle type should not be 
used in any service. A differential pres- 
sure switch across an orifice plate in con- 
junction with a flow meter would have a 
greater reliability. 
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A small brine bleed line should be installed 
to hydrocarbon heat exchangers so a con- 
trolled (small) amount of brine (heat) could 
be admitted to the exchangers to "boil off" 
any hydrocarbons to the condensing side when 
repairs to or maintenance of that heat ex- 
changer system is necessary. 

An online gas chromatograph should be in- 
stalled in any hydrocarbon system. This 
would serve to provide ready recall of fluid 
composition and eliminate expansion problems 
encountered during extraction of mixed hydro- 
carbon fluid samples. 

Consideration should be given in using an 
appropriate corrosion allowance on the brine 
side of the heaters for the East Mesa site 
if carbon steel tubes are to be used. A 
value of five mills per year appears 
appropriate. 

11. 

The cooling tower water bypass should be 
eliminated and all the cooling water be 
cooled to its lowest temperature. Should 
various temperatures be desired for experi- 
mental purposes, a bypass should be installed 
directly to the cooling water circulation 
pump suction. 

The rupture disc bypasses around the throttle 
valve should be eliminated. These were 
useless. 

All the turbine meters used on the project 
should be carefully reviewed; larger sizes 
should be considered. The pressure drop 
through the meters in the cooling water ser- 
vice was excessive. 

Differential pressure gauges should be in- 
stalled across the orifice plates used for 
brine and hydrocarbon flow control. These 
can be easily read and used with the orifice 
plate curves to confirm flow rates. 

The brine emergency shutdown valve on the 
brine outlet from the hydrocarbon heat ex- 
changers should be eliminated. The inlet 
emergency shutdown valve is sufficient. 

A manual bypass should be installed in par- 
allel with the inlet emergency shutdown 
valve so that valve may be "exercised" daily 
without interruption of the brine flow. 

Reliability tests on equipment and total system 
operation should be the prime consideration of 
future tests. It has been demonstrated the 
system concept is sound, and that heat exchange 
coefficients are confirmed to sufficient accu- 
racy to aid commercial plant design and con- 
struction. Prolonged tests to demonstrate 
brine supply reliability, control valve life, 
scaling and corrosion factors, and mechanical 
equipment reliability should be considered. 
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A HEAT EXCHANGER PROCESS FOR REMOVAL OF H2S GAS 

CONTRACT NO. RP1197-2 

Glenn E. Coury, Robert A. Babione, and Robert J. Gosik 
Coury and Associates, Inc. 

7625 West 5th 
Lakewood, CO 80226 

I. Introduction A heat exchanger process has 
been developed for the removal of H2S and other 
noncondensable gases from geothermal steain. The 
process utilizes a heat exchanger to condense 
water from geothermal steam while allowing H2S 
and other noncondensable gases to pass through 
in the vapor phase. The condensed water is 
evaporated to form a clean steam from whichover 
90 percent of the H2S and other noncondensable 
gases have been removed. 

Some of the important advantages of the heat 
exchanger process are shown in Table 1. The 
system can be located upstream of a power plant 
turbine which eliminates much of the potential 
for corrosion, as well as the requirement for 
removing H2S from water collected in the main 
condenser. Since almost all noncondensables 
are removed, much less steam is needed for air 
ejector operation. The heat exchanger process 
is simple: it has no chemical addition require- 
ments or sludgeby-products and utilizes stand- 
ard equipment found in many power plant 
applications. The regular power plant opera- 
tors and maintenance crews can easily under- 
stand and run the system with minimal atten- 
tion. Capital and operating costs are com- 
petitive with those for currently available 
H2S-abatement technology, although significant 
economic advantages over downstream abatement 
processes may result due to the use of clean 
steam in the turbines. 

Table 1. Advantages of the Heat Exchanger H25 
Removal Process 

Upstream Abatement 
Clean steam to turbine 
Reduced air ejector requirements 
No treatment needed for main condenser water 

Simple Operation 
No chemicals 
No sludge 
Minimal operator attention 

Reasonable Costs 
Competitive with downstream abatement tech- 
niques 

clean steam 
Reduction in overall power plant costs with 

Unde; the contract to EPRI, a 1000-lb steam/h 
heat exchanger test unit was designed and con- 
structed atunit 7of The Geysers Power Plant. 
Operation began in March 1979. The test unit 
was run under widely varying conditions to dem- 

Avenue 
(303) -232-3823 

onstrate H2S removal, heat transfer proper- 
ties, and related process characteristics. 

Based on data from the test unit and other 
EPRI-sponsored studies, alternative conceptual 
designs for the heat exchanger process were 
developed for a 55-MW power plant. Design 
criteria and equipment requirements were de- 
termined for a selected design. Capital and 
operating costs for a large-scale system were 
also estimated. 

11. Heat Exchanger Test Unit 

at The Geysers Power Plant, Unit 7. Wellhead 
steam at Unit 7 varies from saturated to super- 
heated conditions, with typical temperatures of 
about 340°F to 350°F. H 2 S  concentrations 
are commonly 200 to 300 ppm with total non- 
condensable gas concentrations ranging from 
2000 to 5000 ppm. About 80 percent of the 
noncondensable gas is C02. Besides H 2 S  and C02, 
other constituents include "3, N p ,  H2, CH4, 
and boron. Figure 1 shows the test unit 
configuration. 

A. Description The test unit is located 

Geothermal steam enters the shellside of the 
heat exchanger, where it is selectively con- 
densed at its sgturation pressure. The con- 
densate will dissolve some of thenoncondensable 
gases contained in the steam, but about 98 
percent of all gases, including C02, "3, H2, 
and N2, will remain in the vent gas stream. 
Depending on steam compositions and process 
operatingconditions, 90 to 99 percent of H2S 
will remain in the vent stream. 

The condensate is reduced to a lower pressure 
and allowed to flash in the tubeside sump of 
the heat exchanger. This providesthe necessary 
temperature driving force across the heat ex- 
changer. The condensate within the tubes is 
partially vaporized to clean steam which dis- 
charges from the sump. The clean steam from 
the sump and the vent gas exiting the top of 
the shellside of the heat exchanger are re- 
leased into the Unit 7 cooling tower basin. 

B. Test Objectives The testing program 
for the 1,000 lb/h test unit was set up to 
accomplish both primary and secondaryobjectives. 
The primary objectives of the test program were 
to demonstrate H2S removal capabilities and 
heat transfer performance of the heat exchanger. 
The secondary objectives of the program were to 
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develop data for use in the design of larger 
heat exchangers. 

C. Test Results The test unit has oper- 
ated since March of 1979. Datahave been col- 
lected for approximately 68 days, during which 
time the unit has been in operation on a con- 
tinuous basis for as long as 10 to 15 days. 
Besides H2S removal and heat transfer perform- 
ance , the pilot plant was tested for total 
noncondensables removal, transient response, 
gas injection, and parametric evaluations of 
AT and vent rate. 

Removal of H2S is determined by how much H2S 
enters the liquid phase as the steam condenses 
on the outside of the tubes. The amount of 
H 2 S  absorbed at equilibrium is controlled by 
three factors: the partial pressure of the gas 
in the vapor phase, the mass ratio of vapor to 
liquid in contact with each other, and the pH 
of the liquid solution. The pH, however, de- 
pends in a complex way on the amount of gases 
that dissolve. 
the pH decreases due to hydrolysis of C02 and 
H 2 S  in the liquid phase: 

As C02 and H2S are dissolved 

- 
(1) 

(2 1 

+ 
C 0 2  + H20 = H + HCO3 

+ n2s = H + HS- 
while the dissolution of ammonia leads to the 
capture of hydrogen ions and an increase in 
pH: 

(31 
+ + 

"3 + H = NH4 

AS a result, the major variables that affect 
H S removal are temperature, pressure, gas 
composition, and the percent of inlet steam 
vented. The only variable that could be con- 
trolled effectively within the limitations of 
the test unit was the percent vent rate. 

Figure 2 shows H2S removal as a function of 
percent vent rate. 
90 to 99 percent with an average value of 94 
percent. There is a slight trend showing in- 
creased H2S removal with increased vent rate; 
this is predicted since increasing the vent 
rate reduces the partial pressure of H2S in the 
vapor phase. On the other hand, the data in 
Figure 2 show a high degree of scatter. The 
scatter is attributed mostly to highly vari- 
able concentrations of H2S, "3, and other 
gases in the inlet steam. Based on recent 
field tests at The Geysers, changes in concen- 
tration by a factor of three or more can occur 
within a short period of time. 

The heat transfer properties of the test unit 
were evaluated by calculating an overall heat 
transfer coefficient (HTC), under various 
conditions. The coefficient is defined by the 
following relationship: 

2 

The H2S removal varied from 

HTC = AAT (4) 

where Q = heat load defined by the amount of 
steam condensed 

A = heat transfer area 
AT = temperature difference between the 

tubeside and shellside 

The major factors expected to affect HTC 
measurements are the noncondensable gas con- 
centrations, mass flow rate, presence of scale, 
and the percent vent rate. The effect of 
changing the percent vent rate was extensively 
tested in the unit. It was expected that the 
HTC would increase with vent rate since higher 
vent rates result in increased sweep velocities 
across tubes, thus minimizing the blanketing 
effects of noncondensables. 

Figure 3 shows the variation in the HTC with 
percent vent rate. In general, values ranged 
from 300 to1000 Btu/(h.-ftz.OF) with an average 
of about 576 Btu/(h.ft2-OF). Large variations 
in the HTC values were experienced and no con- 
sistent correlation between HTC and vent rate 
was apparent. This may be explained by highly 
variable noncondensable concentrations and 
possible leakage across the bottom tubesheet. 
No effects attributed to fouling of tubes 
were noted. 

The predicted HTC value for the test unit was 
about 900 Btu/(h-ft2-OF). 
have been calculated for the test unit for a 
number of reasons. First, the test unit was 
too small to be designed for proper sweep vel- 
ocities. As discussed previously, higher sweep 
velocities are necessary to minimize the effect 
of blanketing of tubes. Second, due to 
physical limitations, AT measurements were be- 
tween inlet and clean steam lines. These AT 
values would be higher than actual tubeside- 
shellside AT'S. Lower calculated HTC values 
would result. Finally, two of the 50 heat 
exchanger tubes were crushed, possibly block- 
ing flow and reducing heat transfer area. Re- 
duced heat transfer area would also result in 
lower calculated HTC values. 

Lower values may 

Other major test results for noncondensables, 
transient conditions, gas injection and para- 
metric tests are summarized in Table 2. Total 
noncondensables removal in the test unit was 
found to be greater than 99 percent for all 
conditions. This is based on field test 
methods which compare gas to liquid volume 
ratio in condensed inlet and clean steam 
samples. Transient tests were done to simu- 
late conditions that could be experienced if 
the heat exchanger was installed upstream of a 
turbine generator. The tests, which included 
startup, sudden decreases and increases in 
clean stem flow, sudden increase and decrease 
in vent gas flow resulted in stable, predic- 
table operation of the heat exchanger. Only 
the sudden increase in the clean stem flow 
caused a shutdown and this could be solved by 
using a standard control scheme for commercial 

i 
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power plant operations. Increasing the inlet 
concentrations of NH3 and H2S by up to four 
times their normal concentrations had little 
effect on H2S removal or heat transfer; how- 
ever, the limited runs made under these inlet 
conditions, which could vary significantly 
with time, do not allow conclusions to be 
made here. The parametric tests varying AT 
were consistent with predictions. Data showed 
that increasing AT from 5OF to 10°F doubled 
the clean steam produced but had negligible 
effect on H2S removal or heat transfer proper- 
ties. Parametric tests involving percent vent 
rates have been presented previously. 

Table 2. Other Major Test Results 

Noncondensables Removal 
Greater than 99 percent under all condi- 
tions 

Transient Effects 
Tested conditions simulating startup, 
sudden opening and closing of clean steam 
valve, sudden opening and closing of vent 
gas valve, sudden closing of inlet steam 
valve, pump trip. 

No unpredictable results 

Smooth heat exchanger response in all 
cases except-sudden opening of clean 
steam valve. 

Gas Injection 
Increased NH3 and H2S up to four times 

No significant effect on H2S removal or 
heat transfer properties 

Limited number of runs 

AT tested between 5 and 10°F 

Clean steam flow rates changed as pre- 
dicted 

No effect on H 2 S  removal or heat transfer 
properties. 

AT Effects 

111. Commercial-Scale Design The most effec- 
tive way of utilizing this heat exchanger proc- 
ess in a full-scale power generation applica- 
tion similar to The Geysers would be to use 
an upstream, multistage heat exchanger system. 
Figure 4 shows one possible scheme for such an 
application. The well steam first enters the 
first-stage heat exchanger where most of the 
H2S and other noncondensables are removed from 
the steam. Approximately 95 percent of the 
incoming flow leaves the first-stage heat ex- 
changer as clean steam, supplying steam to a 
turbine generator unit. The vent stream from 
the first-stage condekser (which includes 
approximately 5 percent of the total incoming 
steam and almost all of the incoming H 2 S  and 
other noncondensables) is processed by 
a second-stage heat exchanger. The clean 

steam from this second stage is used to drive 
a second turbine generator unit. Almost all of 
the H 2 S  and other noncondensables and a very 
small percent of the steam entering the first- 
stage heat exchanger are in the second-stage 
vent stream. This vent stream can be treated 
for ultimate disposal of the H2S by some process 
such as the Stretford process. The Stretford 
process is a proven commercial process which 
can easily convert highly concentrated streams 
of H2S into elemental sulfur. The second- 
stage vent stream could possibly be used to 
drive a third turbine generator unit located 
upstream of the H2S conversion process. This 
turbine would have to be constructed of 
materials suitable for the high concentrations 
of H2S in this flow stream. 

Figure 5 shows another possible scheme for an 
upstream, multistage heat exchanger system in 
a power generation application. In this 
scheme the clean steam from the first-stage 
heat exchanger is used to drive the turbine 
generator unit. The clean steam from the 
second-stage unit is used to drive the conden- 
ser vacuum system and also provides process 
heat, if required, for the H2S conversion 
process. The vent stream from the second- 
stage unit goes directly to an H 2 S  conversion 
process such as the Stretford process. The 
scheme shown in Figure 5 can more easily be 
used in a retrofit application for power plant 
designs similar to those at The Geysers; how- 
ever, both schemes could be utilized in new 
plant design applications. 

IV. Estimated Costs for Commercial-Scale 

commercial-scale heat exchanger system were 
Application The estimated costs of a 

determined in a recently completed study. The 
cost model was based on a system that would be 
compatible with a typical Pacific Gas and 
Electric Company (PG&E) 55-MW power plant unit 
at The Geysers. The design scheme in Figure 
5 was used in developing the cost model. This 
scheme includes a two-stage heat exchanger 
system with the first stage supplying clean 
steam to the turbine generator unit and the 
second stage supplying clean steam to the 
condenser vacuum system and for use as process 
heat in the Stretford plant. The second-stage 
vent stream is processed by a Stretford plant 
which converts this highly concentrated stream 
of H2S into elemental sulfur. Tables 3 and 4 
present the design criteria and the performance 
factors used in developing this cost model. 
The design criteria were provided by PG&E. The 
performance factors were based on detailed 
theoretical studies related to this heat ex- 
changer process and the results of experimental 
field tests. 

The major equipment items are the first- and 
second-stage heat exchangers and the recircula- 
ting condensate pumps. The total required 
first-stage surface area was 155,400 ft2, which 
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Table 3. Design Criteria 
Well steam conditions: 

pressure-------------------------115 psig 
temperature----------------------35o0~ 
noncondensable loading-----------0.5% 

Turbine inlet steam conditions: 
pressure--------------------saturation 
temperature-----------------338OF minimum 
noncondensable loading------0.01% maximum 
full load flow rate---------1,100,000 lb/h 

Maximum heat exchanger tube bundle size: 
40 feet long by 12 feet diameter 
(Shipping constraint due to remote loca- 
tion of The Geysers) 

Condenser vacuum system requirements: 
pressure--------------------gO psig 
flow rate-------------------20 000 1b/h 

Process steam to Stretford unit: 
flow rate-------------------5 000 lb/h 

Table 4. Performance Factors 

Overall heat transfer coefficient------- 

First-stage vent rate-------------5 percent 

Second-stage vent rate------------60 percent 

Tubeside flow rates---------------1 1/2 gpm/tube 

600 Btu/(h-ft2O0F) 

resulted in three first-stage heat exchangers, 
each with a tube bundle 37 feet long and 11 
feet in diameter. The total requir 5 d second- 
stage tube surface area was 3638 ft , which 
resulted in one second-stage heat exchanger 
with a tube bundle 19.5 feet long and 4 feet in 
diameter. The first-stage pumping configura- 
tion was assumed to be four pumps in parallel 
servicing the three heat exchangers, with one 
of these pumps being a spare. The pumping 
power requirements for each pump was 64 hp. 
The second-stage pumping configuration was 
assumed to be two pumps in parallel, with one 
of these pumps being a spare. The pumping 
power requirements for each pump was 5.2 hp. 
304 stainless steel was selected as the 
material of construction for the heat ex- 
changers, pumps, and related piping. 

In addition to the heat exchangers and pumps, 
the other items included in the cost model 
were insulation, piping and valves, support 
structures and foundations, electrical equip- 
ment, instrumentation and controls, engineer- 
ing costs, and a Stretford plant sized for 
this application. 
cost model. 

The estimated system costs based on the devel- 
oped cost model are summarized in Table 6. The 
estimated heat exchanger system capital cost 
is 5.6 million dollars. The estimated Stret- 
ford plant capital cost is 2.6 million dollars. 

Table 5 summarizes the 
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The t o t a l  c a p i t a l  cos t ,  including the  S t r e t -  
ford p l a n t ,  i s  8.8 mi l l i on  d o l l a r s .  The t o t a l  
estimated annual c o s t ,  inc luding  annual cap i t a l  
cos t  payments and opera t ing  and maintenance 
cos t s ,  i s  1.9 mi l l i on  d o l l a r s .  

Table 6.  Estimated Cost Summary of 55-MW Heat 
Exchanaer H - S  Removal Svstem 

Capi ta l  c o s t  of hea t  exchanger 
system------------------------- $5,600,000 

Capi ta l  c o s t  of S t r e t f o r d  plant----- 2 ,600,000 
Tota l  c a p i t a l  cost------------------ $8,200,000 

Annual opera t ion  and maintenance 
cost--------------------------- $ 400,000 

Annual c a p i t a l  c o s t  payment--------- 1,500,000 
Tota l  annual cost-------------------$1,900,000 

Notes f o r  Table 6.  

1. 

2.  Heat exchanger system c a p i t a l  c o s t  includes 
hea t  exchangers, shipping, e r ec t ion ,  pumps, 
va lves ,  p ip ing ,  instrumentation, insu la-  
t i o n ,  foundations,  and engineering. 

3 .  Annual opera t ion  and maintenance c o s t s  
inc lude  2 percent  of hea t  exchanger system 
c a p i t a l  c o s t ,  10  percent  of S t r e t f o r d  
p l a n t  c a p i t a l  c o s t ,  pump energy c o s t s  
based on $0.03 kwh, and an assumed on-line 
t i m e  of 8000 h/yr. 

A l l  c o s t s  are f25 percent.  

4 .  The annual c a p i t a l  cos t  payment i s  assumed 
t o  be 18 percent  of t he  t o t a l  c a p i t a l  
c o s t  * 
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PRELIMINARY EVALUATION OF THE COPPER SULFATE 

PROCESS FOR REMOVAL OF HYDROGEN SULFIDE OVER 

A RANGE OF GEOTHERMAL STEAM CONDITIONS 

Research Project Number RP1197-3 

Dr. F. C. Brown 
EIC Corporation 
55 Chapel Street 

Newton, Massachusetts 02158 
(617) 965-2710 

The experimental work and economic analyses 
required for a preliminary evaluation of 
EIC'S Copper Sulfate Process for a range of 
geothermal steam conditions have been com- 
pleted. A series of six scrubbing runs was 
carried out over a range of steam conditions 
and scrub solution compositions expected to 
represent the extremes likely to be encoun- 
tered in practice and high degrees of H 2 S  
removal were obtained in all cases. Solids 
produced in these runs were subjected to 
liquid-solid separation and regeneration 
tests to determine the influence of scrubbing 
conditions on the kinetics of subsequent 
steps, and capital and operating cost esti- 
mates were developed for the extremes of 
conditions evaluated. 

Test results show, as expected, that the 
kinetics and stoichiometry of the scrubbing 
reactions are complex: the rates and extent 
of the primary and secondary reactions are 
functions of scrubber operating temperature 
(pressure), scrub solution pH and copper 
content, and solids residence time. Rela- 
tive to The Geysers' average conditions, 
operation at higher pressures leads to 
increased H ~ S  and decreased NH3 removal 
efficiencies. At lower pressures, higher 
pH's and/or copper contents or longer vapor- 
liquid contact times are required to obtain 
comparable H2S removal efficiencies, while 
NH3 removal efficiencies are improved at 
comparable pH's. 

The solids obtained from each scrubbing run 
were produced under a range of conditions 
since scrub solution compositions were 
varied, as was solids residence time 
throughout. 
tested, the trend is toward improved 
liquid-solid separation behavior for solids 
produced at higher pressures. Even though 
the range of compression times varied by a 
factor of two, the solids produced at the 
lowest pressures still settled rapidly 
enough and with sufficient overflow clarity 

Within the range of variables 

to indicate that simple decantation would be 
the optimum approach f o r  this step. 

The results of regeneration tests on these 
solids were much more variable, however, 
showing a definite correlation between 
scrubbing conditions and regeneration kinet- 
ics: solids produced at lower pressures 
were more readily regenerated than those 
produced at higher pressures. While com- 
plete regeneration was obtained in all 
cases, the times required varied by a factor 
of five at equal reaction temperatures and 
oxygen partial pressures. We believe that 
both liquid-solid separation and regenera- 
tion kinetics are determined by the nature 
of the solids formed in the scrubber, 
particularly the specific surface or average 
particle size, as well as their chemical 
composition. 

These data were used as the bases for 
determining system configurations as well as 
capital and operating costs for geothermal 
steams differing from The Geysers conditions. 
For purposes of this evaluation all compo- 
nents of the process were grouped according 
to their sensitivity to either total steam 
flow rate or to the total amount of H2S 
which is removed. Process configurations 
were similar for all cases evaluated, 
except that regeneration by oxidation using 
compressed air is preferred for steams 
containing lower H2S concentrations. 

The capital costs of the scrubber and its 
auxiliaries increase as steam pressure de- 
creases since larger amounts of steam must 
be treated per unit of generating capacity. 
The capital costs of all other plant sec- 
tions increase with the amount of H2S 
removed and with decreasing steam pressure. 
Direct operating costs also increase with 
the amount of H2S removed and with decreasing 
steam pressure. 
the amount of "3 present in the steam, 
particularly where the H2S content of the 
steam exceeds about 500 ppm. 

They are also sensitive to 

6 
3 - 2 8  



For steam of The Geysers' average composi- 
tions, direct operating costs are approxi- 
mately l.Omill/kWh for a system capable of 
reducing emissions to 50 gm/mWh, correspond- 
ing to 97% H2S abatement. Capital charges 
increase total operating costs to 3.5 mill/ 
kWh. Capital charges dominate total opera- 
ting costs for all cases evaluated, but 
direct operating costs were generally lower 
than the cost of peroxide alone required for 
supplemental abatement of condensate from 
downstream treatment systems. Direct 
operating costs for systems containing 
2500 ppm HzS,  which range from approximately 
4-6 mill/kWh, could be halved by modifying 
the process configuration to recover ammonia 
for reuse. 
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Table  1 

SUMMARY OF RESULTS, SCRUBBING TESTS 

W 
I 

W 
Ln 

Run No, 

P r e s s u r e ,  B a r a  

Steam Flow, kg/hra 

I n l e t  H2S Content ,  ppm 

I n l e t  NH3 Content ,  ppm 

Scrub S o l u t i o n :  

g/R c u  

PH 
Contac t  Time, sec b 

Percent  H S Removal 2 
Percent  So Formation 

S o l i d s  Composition, (n)  

O u t l e t  NH3 Content ,  ppm 

314 

11.3 

64 

245a 

0 

1.9-3 

0.9-1.4 

0.5-1.2 

92.3-97.5 

1.6-39 

1.21-1.71 

8-149 

328 404 

6.8 4.2 

53 49 

22ga 206a 

0 0 

1.8-3.1 3.0-4.0 

0.9-1.3 0.8-1.3 

0.25-0.9 0.1-0.7 

84-94.6 46-90 

1.2-2.6 3.1-8.1 

1.87-1.96 1.42-1.56 

1.5-13 1.2-14 

411 

8 . 6  

75 

375,100, 
45e 

0,45e 

1.8-4.3 

0.8-1.2 

0.1-0.4 

66-87 

5.1-19 

1.87-1.94 

2.0-33 

a A t  average c o n d i t i o n s .  

bFroth h e i g h t ,  o r  four t imes  t r a y  D P ,  d i v i d e d  by steam v e l o c i t y .  

'In s o l i d s  of composition Cu S. 

dFor 5 MW demonstrat ion plan:. 

eVaried throughout  t h e  run.  

416 

8 . 6  

64 

59,370, 
540e 

71, Oe 

2.3-3.5 

1 .8-2 .2  

0.15-0.7 

88-93.5 

4.6-18 

1.74-1.87 

21-88 

524 

9.0 

55 

634a 

0 

0.6-3.7 

1 .0 -1 .2  

0.5-1.7 

25-98.1 

0.1-1.1 

1.70-1.80 

3.8-14 

d 
The Geysers  

9.2 

45,500 

230 

170 

2.0 

1 .2  

1.8 

99 

10 

1 .9  

17  



Table 2 

SUMMARY OF RESULTS - REGENERATION RATE T E S T S ~  

Solids Produced 
from Rund 314 

Time, mins , t o  ob ta in  : 

50% Regeneration 120  
(90) = 

90% Regeneration 340 
(160) 

99% Regeneration 500 
(200)C 

328 404 416 

38 15  40 

aAll regeneration tests ca r r i ed  ou t  a t  130"C, Po2 = 3.4 bars.  

bFrom smoothed da ta ;  log (l-(i-x) ' l3) vs. log (t ime).  

CExtrapolated from i n i t i a l  rate data .  

dSee Table 5-1 f o r  average conditions during scrubbing run. 

524 

51 

97 

125  
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Table 3 

CASES CONSIDERED IN THE ECONOMIC EWALUATION 

Case Name 

High pressurc, 
high H2S 

High pressure. 
intennediate H S 

High pressure, 
1- H2S 

Intermediate pressure, 
high HIS 

Intermediate pressure, 
intermediate H S 

Intermediate pressure, 

LOW pressure, 
high H2S 

LOW pressure. 
intermediate H S 

La* pressure, 

l o u  H2S 

l o w  H S 

S t e m  Pressuru 
8*r 

11 

11 

11 

9 

9 

9 

4 

4 

4 

stcam Canp051t10”, p,m 
112s NII3 - - 

2500 25-250 

230 170 

10 10 

2500 25-250 

230 170 

10 10 

2500 25-250 

230 170 

10  10 

stem Flu* 
k g h r “  

430,000 

430,000 

430,000 

500,000 

500.000 

500.000 

615,000 

615.000 

615,000 

I 

99.7 

97.2 

36 

99.8 

97.5 

45 

99.8 

98.0 

55 

%or the generation of 55 m. 
bTo achzeve emissions less  than 50 gm/hr/m. 

cRuns from which supporting data were used to f u  process conditions 

Ldb RunC - 
314 

314 

314 

411,416,524 

411,416,524 

411,416,524 

404 

404 

404 

comments 

baWe5t H S flow. 

Geysers Average Conditmn. 

Highest H 5 flow. 
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Introduction The geopressured zones presently 
under serious study in the U.S. are tertiary 
sediments in the Gulf Coastal basin which are 
water saturated and exhibit pressures siyni- 
ficantly greater than hydrostatic. These sed- 
iments are primarily shale, interbedded with 
sandstone. The top of the geopressured zone 
is frequently near 10,000 ft. or so, and 
extends to indeterminate depths. The water 
contained in these zones is at a moderately 
elevated temperature and, more significantly, 
appears to contain dissolved methane at near- 
saturation values. Conceptually, wells 
drilled into the geopressured zone might be 
expected to produce water without pumping, 
due to the high pressures. The dissolved 
methane could then be separated at the surface 
and used conventionally as natural gas. The 
water may contain sufficient heat to provide 
a useful source of geothermal energy, and the 
hydraulic energy might also provide useful 
work. 

Development of the geopressured/geothermal 
resource is largely dependent upon production 
characteristics of geopressured reservoirs. 
These in turn are intimately related to prop- 
erties of the formations, and can be defined 
within reasonable limits. 

Characteristics of Gulf Coast Sediments The 
Gulf Coast basin, from tertiary times to the 
present, has represented conditions which are 
generally similar to those existing along the 
Coast today. The land is in a continual 
state of subsidence and sediments brought into 
the Gulf of Mexico by the major river systems 
are worked and reworked by long-shore currents 
into a series of coastal sandbars and barrier 
islands in an environment of which the present 
Texas Coast is thought to be a model. This 
normal pattern of subsidence has been accom- 
panied by periods of high deposition similar 
to that occurring in the Mississippi Delta 
today. The bars and islands were covered by 
new layers of clastic sediments while the edge 
of the basin further subsided under the enor- 
mous weight, and large growth fault systems 

formed near the down-dip edge of thesedeposits. 
The subsurface sandstones which became the 
basis for the deep aquifer systems are the rem- 
nants of the ancient sandbars and the stream 
channels of the deltaic environment. 

When sections of these sandstone deposits are 
isolated within a shale envelope, geopressures 
are believed to result. Brucetl], for instance, 
has provided an excellent description of this 
depositional environment and of the role of 
growth faults in the formation of geopressured 
sediments. The depositional style of the ter- 
tiary strata along the Texas Gulf Coast as 
described by Bruce is shown in Figure 1. 

Energy Contained in the Geopressured Zones 
Speculation about the geopressured sediments 
has resulted in a number of estimates of the 
energy they might contain. The most compre- 
hensive of these estimates is the result of 
work performed by the U.S. Geological Survey. 
The most recent of the USGS reports, byWallace 
et al. [21, has defined the resource base sum- 
marized in Table I. The total estimated con- 
tained methane, 59,700 trillion cu.ft. (TCF), 
is a value nearly thirty times higher than the 
total known natural gas reserves in the United 
States. The estimate of 101,400 quads of 
thermal energy would make the geopressured zone 
the largest single known geothermal resource 
in the United States. 

_ _  

However, it is important to understand the 
assumptions Wallace made in arriving at these 
estimates, and to place the numbers in perspec- 
tive. 

Generalized Gulf-Coast Model Gulf Coast sedi- 
ments may be considered to be completely satu- 
rated with water; that is, the water table is 
near the surface everywhere along the coast, 
and extends to indeterminate depth within the 
pore space of individual rock formations. 
Wallace first made estimates of the total 
water contained in the rocks of interest based 
on assumed values of porosity. This total con- 
tained-water then became the basis for the 
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Table I. Energy-in-Place E s t i m a t e s ,  USGS C i r c .  790 (Wallace e t  a l ,  1978) 

Locat ion A r e a  m i 2  
T o t a l ,  onshore & o f f s h o r e  120,000 
Onshore only  70,000 

es t imated  r e s o u r c e  base .  

Contained Methane Hydrocarbons are s l i g h t l y  
s o l u b l e  i n  water, and methane i s  t h e  most 
s o l u b l e  of  a l l .  S t u d i e s  have i n d i c a t e d  t h a t  
o i l - f i e l d  t y p e  b r i n e s  i n  t h e  Gulf Coast  gene- 
r a l l y  c o n t a i n  d i s s o l v e d  methane. The a c t u a l  
degree  o f  s o l u b i l i t y  i s  dependent  upon temper- 
a t u r e  and p r e s s u r e  and,  consequent ly ,  t h e  
water  i n  t h e  geopressured  zones should c o n t a i n  
an abnormally l a r g e  amount o f  d i s s o l v e d  
methane. Wallace e s t i m a t e d  t h e  temperature  
and p r e s s u r e  throughout  t h e  geopressured re- 
gime, and assumed t h e  w a t e r  w a s  s a t u r a t e d  wi th  
methane under these c o n d i t i o n s .  Although t h e  
d a t a  base  on which t h i s  assumption w a s  made i s  
very  l i m i t e d ,  t h e  d a t a  are c o n s i s t e n t ,  a n d t e n d  
to  be  v e r i f i e d  by r e c e n t  work. The s a t u r a t i o n  
v a l u e s  of  methane i n  geopressured  b r i n e s a p p e a r  
t o  be  i n  t h e  range  of 20 t o  40 SCF p e r  b a r r e l  
o f  w a t e r .  

Thermal Energy The estimate o f  t h e  conta ined  
thermal  energy w a s  based on t h e  t o t a l  h e a t  
c o n t e n t  o f  t h e  w a t e r  above 15OC, a l though t h i s  
i s  a t empera ture  much lower t h a n  any p r a c t i c a l  
u t i l i z a t i o n  tempera ture  f o r  t h e  b r i n e .  Tem- 
p e r a t u r e s  i n  t h e  geopressured  zone range from 
less than  100°C t o  more t h a n  2 O O 0 C ,  b u t  reser- 
v o i r  q u a l i t y  sands seldom e x h i b i t  t empera tures  
as h i g h  as 150°C. 

Sand and Shale  On t h e  b a s i s  of  a r e g i o n a l  
s tudy  of over  3,000 w e l l  l o g s ,  Wallace es t i -  
mated t h a t  of  t h e  t o t a l  r e s o u r c e  b a s e ,  about  
10% w a s  conta ined  i n  sands tones ,  t h e  remain- 
d e r  i n  s h a l e .  S ince  there i s  no f o r e s e e a b l e  
p r o s p e c t  of  r e c o v e r i n g  any u s e f u l  energy from 
Gulf Coast  s h a l e s ,  a much more meaningful view 
of  t h e  r e s o u r c e  i s  t h e  estimate of  t h e  energy 
i n  t h e  sands ,  a l s o  g iven  i n  Table  I. This 
e s t i m a t e  c u t s  t h e  u s e f u l  r e s o u r c e  by about  one 
o r d e r  o f  magnitude. 

Recoverable Energy The amount of  energy re- 
coverable  from t h e  r e s o u r c e  base  (wi thout  
r e g a r d  t o  c o s t )  i s  dependent upon t h e  t o t a l  
volume of  f l u i d  which can be produced from 
product ion  w e l l s .  S ince  t h e  o n l y  p r a c t i c a l  
p roduct ion  technique  c o n s i s t s  o f  f lowing t h e  
w e l l s  and d e p l e t i n g  t h e  reservoir p r e s s u r e ,  
recoverable  energy i s  p r e d i c t a b l e  from reser- 
v o i r  parameters .  Randolph [31 h a s  shown t h a t  
product ion  from a geopressured w e l l  u t i l i z i n g  
a range of  r ea l i s t i c  Gulf Coast r e s e r v o i r  
parameters  w i l l  r ange  from less t h a n  1% t o  a 
maximum o f  about  4% o f  t h e  t o t a l  conta ined  
energy ( m o s t  o f  t h e  f l u i d ,  as w e l l  as t h e  

Methane SCF) Thermal BTU) 

Sand Shale  T o t a l  Sand Shale  T o t a l  
5 ,700 54,000 59,700 10,430 91,000 101,400 
_ _ _ _ _ _ _  _ _ _ ~ _ _ _  

3,052 35,100 38,152 5,490 57,000 62,490 

d i s s o l v e d  g a s ,  w i l l  remain i n  the formation 
a f t e r  t h e  p r e s s u r e  is d e p l e t e d ) .  Using t h e  
more o p t i m i s t i c  o f  t h e s e  numbers, t h e  recover-  
a b l e  energy from Wallace's r e s o u r c e  b a s e  would 
amount t o  a maximum o f  a b o u t  2 2 8  TCF methane 
and 420 quads thermal ,  of  which roughly 40% 
would l i e  o f f s h o r e .  

These a r e  s t i l l  s i z e a b l e  numbers, i f  even a 
moderate f r a c t i o n  o f  t h e  l a t t e r  v a l u e s  can  
u l t i m a t e l y  be recovered .  

B a s i s  f o r  E x p l o i t a t i o n  o f  Geopressure 
Geopressured product ion  w e l l s  must be capable  
of c e r t a i n  minimum performance t o  produce 
energy a t  a c o s t  compet i t ive  w i t h  o t h e r  energy 
s o u r c e s ,  even i n  t h e  r e l a t i v e l y  d i s t a n t  f u t u r e .  
F i r s t ,  t h e  w e l l s  would have t o  be d r i l l e d  and 
completed i n  a product ive  sands tone  a t  reason-  
a b l e  c o s t .  Next, t h e  f low o f  h o t  water  would 
have t o  be  s u b s t a n t i a l ,  and t o  l a s t  f o r  an 
extended p e r i o d  of t i m e  t o  amor t ize  t h e  i n v e s t -  
ment. F i n a l l y ,  t h e  energy s e p a r a t e d  from t h e  
w a t e r  would be  r e q u i r e d  t o  provide  s u f f i c i e n t  
revenue t o  pay t h e  o p e r a t i n g  expense i n c l u d i n g  
s p e n t  b r i n e  d i s p o s a l ,  a m o r t i z a t i o n  o f  t h e  i n -  
vestment ,  and an adequate  r a t e  of r e t u r n  t o  
j u s t i f y  t h e  r i s k .  The r e s e r v o i r  c h a r a c t e r -  
i s t i c s  which would be r e q u i r e d  t o  provide  such 
performance have been t h e  subject o f  a number 
of r e c e n t  i n v e s t i g a t i o n s . [ 3 - 6 1  I n  g e n e r a l ,  
t h e  conclus ions  o f  t h e s e  s t u d i e s  i n d i c a t e  t h a t  
f low rates  i n  t h e  range of  a t  l eas t  40,000 bbl /  
day o r  more cont inuous ly  f o r  20 y e a r s  o r  so 
would be  r e q u i r e d  t o  compete wi th  t h e  c u r r e n t  
c o s t  of  f u e l  ($2-$3/106BTU). Flow r a t e s  aver -  
ag ing  o n l y  10,000 bbl/day f o r  20 y e a r s  or so 
might y i e l d  energy a t  costs i n  t h e  range of  
$8/106BTU, a c o s t  which conceivably could  be 
o f  importance i n  t h e  f u t u r e .  Energy c o s t s  
above $lO/mil l ion BTU ( i n  1980 d o l l a r s )  are 
probably beyond t h e  realm o f  c u r r e n t  i n t e r e s t .  

Reservoi r  Parameters  The c a p a b i l i t y  of  a geo- 
p r e s s u r e d  r e s e r v o i r  t o  produce f l u i d  depends 
upon a combination of  format ion  parameters ,  
p r i n c i p a l  among which are  p o r o s i t y ,  permea- 
b i l i t y ,  format ion  t h i c k n e s s ,  c o m p r e s s i b i l i t y  
and d r a i n a g e  volume. I n  g e n e r a l ,  q u a s i  s teady-  
s ta te  r e s e r v o i r  equat ions  are adequate  t o  pre-  
d i c t  t h e  performance o f  geopressured water 
r e s e r v o i r s . [ 7 , 8 ]  Samuels [9]  g i v e s  an exce l -  
l e n t  d i s c u s s i o n  o f  t h e  r e s e r v o i r  a s p e c t s  of 
geopressured f l u i d  product ion  and, summarj.zing 
previous  work, shows t h a t  t h e  performance of a 
geopressured  w e l l  c a n  be  d e s c r i b e d  by an 
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equation of the form 

where 
Q -  
k -  
h -  
t -  
$ -  
! J -  

Ce - 
rw - 
'r - 
ps - 
ph - 
Pf - 

Flow in bbl/day 
Permeability in Darcies 
Thickness in feet 
Time in days 
Porosity, fraction 
Viscosity centipoise 
Compressibility 
Radius of the well in feet 
Initial pressure in reservoir 
Pressure at the surface 
Pressure due to the hydrostatic head 
Friction loss due to flow up the pipe 

Examination of this equation reveals that the 
flow rate, Q, is largely dependent upon the 
pressure and the permeability-thickness pro- 
duct, kh, while the pressure behavior with 
time (duration of flow) is mainly a functionof 
the volume of fluid present, nr$h$, and the 
formation compressibility. 

Samuels has given a graphic summary of reser- 
voir behavior as a function of reservoir size 
and permeability. His representation is re- 
produced in Figure 2. Here it can be noted 
that for a sand 200 ft. thick, the minimum 
reservoir permeability that will yield an ex- 
tended flow rate of 40,000 bbl/day is 10 mD. 
For a well to flow for as long as 20 years at 
this 40,000 bbl/day rate would require a mini- 
mum reservoir radius of about 8 miles (200 sq. 
mi. area) regardless of the permeability. 

Probable Reservoir Characteristics Aconsider- 
able amount of study of the formation param- 
eters of potential geopressured reservoirs 
has been performed over the past several years, 
based on an enormous volume of data generated 
by more than 300,000 petroleum wells drilled 
in the Gulf Coast over the past 50 years. The 
results of these studies have produced a 
reasonably consistent picture of the range of 
values likely to be encountered in the pro- 
duction of geopressured water sands. 

Porosity The subsurface sandstone deposits 
represent the only useable reservoirs for 
either petroleum or geothermal reservoirs, 
since shale is virtually impermeable. The 
initial porosity of Gulf Coast sands is about 
40 to 45% and as subsidence and burial occur, 
this value is continuously reduced by compac- 
tion and cementafio3, Reduction in porosity 
with depth on the Gulf Coast as found by 
mucks et al. [lo] is summarized in Figure 3 .  
The reduction typically amounts to 1.25 poros- 
ity-percent or so per 1,000 ft. of depth. 

The range of porosity values found in "good" 

geopressured water sands is from 10% or so in 
the South Texas Vicksburg formation, to 30% or 
more in the best prospects in South Louisiana. 
An average value for many prospective areas is 
about 20%. Porosity of geopressured sands is 
important primarily because of its effect on 
permeability, a crucial production parameter. 

Permeabilitr 
sandstones, although not a direct function of 
porosity, is closely related. As porosity is 
reduced, permeability tends to suffer drasti- 
cally. In-situ permeability is known to exhi- 
bit a log-normal distribution over any parti- 
cular depth interval, and while there may be 
individual sandstone elements exhibiting high 
permeability even at depth, over an extended 
depth interval average permeability cannot be 
expected to departdrastically from the statis- 
tical mean. This fact is graphically portrayed 
by mucks in Figure 4. Permeability frequently 
is shown to decline about one order of magni- 
tude for each two to three thousand feet of 
depth. Swanson et al. 1111 have shown that of 
a large number of deep geopressured gas sands 
studied in South Texas, none exhibited in-situ 
permeability as great as 10 mD, while the 
average was only about 1 mD. In South Loui- 
siana, measured permeability values range over 
several orders of magnitude. Average values 
in good, potentially productive zones may vary 
from 100 mD at the top of geopressure near 
10,000 feet, to 10 mD at 13,000 feet, and 1 mD 
at 16,000 feet. 

The permeability of Gulf Coast 

Reservoir Volume Individual geopressured 
reservoirs are formed from sandstone deposits 
which have undergone considerable modification 
in the process of burial to great depth.Fault- 
ing is common, and individual sand bodies tend 
to be relatively small. Doscher et al. [121  
summarize previous work on the size of Gulf 
Coast petroleum reservoirs and conclude that 
the volume of potential geothermal reservoirs 
in the geopressured zone is likely to be no 
more than 0 . 3  to 1.5 cu. miles. Of the 103 
largest petroleum reservoirs known in the off- 
shore U. S. Gulf Coast, they report only three 
with an area as large as 8 sq. miles, and a 
maximum reservoir volume of only 0.05 cu.miles 
While the size and volume of petroleum reser- 
voirs may not be indicative of the size and 
volume of geopressured aquifers, it is consis- 
tent with the origin of the sandstone deposits 
and the complex faulting characteristic of the 
Gulf Coast. 

The single-well drainage volume is probably 
the most serious unknown in accurate assess- 
ment of the geopressure/geothermal resource. 

Probable Performance of Geopressured Reservoirs 
Based on the reservoir equations discussed pre- 
viously, it is possible to make a probability 
analysis and predict the performance of geo- 
thermal wells under a range of conditions. 
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Such a probability analysis, utilizing a Monte 
Carlo routine, has been applied to a number of 
known geopressured prospects in the Gulf Coast; 
the locations of which are shown in Figure 5. 
In such a procedure, minimum, maximum and most 
likely values are assigned to the 9 stochastic 
reservoir parameters. Then by an iterative 
process, calculations of flow rate are madeand 
a probability distribution plotted. There- 
sults of such an analysis for the S.E. Pecan 
Island prospect in Louisianaareshown in 
Figure 6. This prospect, one of several de- 
scribed by Bernard 1131 in an assessment study 
of Louisiana geopressured zones, is particu- 
larly interesting because of its large sand 
volume and extensive overall area (67 square 
miles). Laminated shale and sand occur from 
13,500 feet to 17,500 feet, with a total esti- 
mated sand volume of 9 cubic miles. Geologi- 
cally, it represents a destructive delta of 
unusually large size, although the individual 
reservoirs are undoubtedly segmented by 
faulting and other depositional features. A 
considerable amount of conventional gas pro- 
duction in this vicinity also makes it pos- 
sible to estimate reservoir parameters with 
reasonable assurance. The principal unknown 
in S.E. Pecan Island is the single-well drain- 
age area. 

The probability analysis shows that wells 
drilled in this prospect have a 60%probability 
of flowing at 14,000 bbl/day for twenty years, 
and a 10% probability of flowing at 50,00Obbl/' 
day. The average of all values is 22,172 bbl/ 
day. 

Selecting parameters representative of the 
best part of the reservoir (net sand thick- 
ness of 980 feet), and assuming an optimistic 
single well drainage area of 13 sq. miles, the 
"best" well in the prospect should perform as 
shown in Figure 7. The parameters used in 
this analysis are given in Table 11. This 
well should flow at a rate of 50,000 bbl/day 
for  11-1/2 years, at which time surface pres- 
sure should be depleted to 300 psi. After 
that time, the production rate willcontinually 
decline as shown in the figure. At the end of 
twenty years the well will still be flowing 
at a rate of nearly 20,000 bbl/day. After 
20 years, the well will have produced more 
than 30 million barrels of water and 10 bil- 
lion cubic feet of natural gas. 

It must be pointed out that this performance 
represents a highly optimistic case, in one 
of the most promising geopressured prospects 
known. The assumed dissolved methane, 35SCF/ 
bbl, is higher than any actually produced by 
test results to date. The assumed permeabil- 
ity-thickness product, 9800 mD-ft., is very 

high. One can be relatively assured that of 
all the resource base estimated by Wallace, 
only a small fraction can be contained in 
reservoirs with this quality. 

Table 11. Reservoir and Well Parameters, 
Single Well Development, S.E. Pecan Island, LA 
Prospect, Optimistic Drainage Area 

Well Depth 17,500 feet 
Average Production Depth 15,800 feet 
Average Reservoir Pressure 13,500 psi 
Average Hydrostatic Pressure 7,350 psi 
Surface Pressure (minimum) 300 psi 
Average Fluid Temperature 290'F 

Well (production tubing) 0.46 feet (5-1/2"OD) 

Drainage Area 13 mi2 (8400 acres) 

at Surface 

Diameter 

porosity 23% 
permeability 10 mD 
Compression Drive 5 ~ 1 0 - ~  psi-l 
Coefficient 
effective sand thickness 980 feet 
dissolved methane 35 SCF/bbl 
Initial Production Rate 50,000 bbl/day 

Economics Assuming a production well with the 
characteristics of the optimistic S.E. Pecan 
Island well just described, the economics of 
production can be established based on the 
cost of the installation, the operating costs, 
and value of the energy produced. In preparing 
the economic analysis, the methodology of by- 
product costing was used as described by 
Bloomster and Knutson.[141 Natural gas is 
considered the primary product. Electric ener- 
gy and thermal energy for direct use applica- 
tions are regarded as saleable byproducts. The 
production cost of natural gas includes the 
capital and operating costs of production and 
injection wells, their interconnecting piping, 
other well field equipment, and the equipment 
necessary to separate natural gas from brine 
and process the gas to pipeline standards. 

Under the byproduct methodology, the value of 
the thermal and hydraulic energy in the brine 
used for electric energy production is based 
only on the incremental equipment required to 
generate the electric energy. For cases where 
the electric energy production cost estimates 
are less than that typical for new conventional 
generating units in the Texas and Louisiana 
region, the difference is credited to the 
natural gas, thus reducing its cost. 

Capital cost estimates for a S.E. Pecan Island 
well and production facilities are shown in 
Table 111. (The well cost is consistent with 
natural gas practice in the area, and conse- 
quently is optimistic.) 

Capital costs for the natural gas processing 
facilities in conjunction with a binary cycle 
geothermal power plant are shown in Table IV 
(power plant cost not included). Utilizing an 
operating and maintenance expense of 2% of the 
capital cost, the estimated production cost of 
natural gas from this facility is $5.14/MCF. 
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Table 111. Capital Cost Estimate for Produc- 
tion Well and Injection Wellfield, S.E. Pecan 
Island, LA Prospect ($1,000) 

800 Land Lease and Development 
300 Geophysics and Geology 

Production Well 5,000 
20 Piping to Energy Recovery Processes 

Piping to Injection Wells 1,580 
230 Home Office Services 
250 Permits and Environmental 

Contingency 1,520 

Estimated Construction Cost 11,700 
AFDC and Other Owner's Costs 1,300 
Total Capital Cost 13,000 

Injection Wells 2,000 

Table IV. Capital Cost Estimates-Natural Gas 
Separation and Processing Facilities ($1,000) 

Location - S.E. Pecan Island 
Power Plant Binary 
Mechanical Equipment 969 
Electrical 100 
Civil/Structural 110 
Piping 290 
Instrumentation 160 

20 Yardwork & Miscellaneous 
Direct Field Cost 1,649 

254 Indirect Field Cost 
Total Field Cost 1,903 

267 Home Office Services 
Contingency 326 

Estimated Total Construction Cost 2,496 
369 AFDC and Other Owners' Costs 

Total Capital Cost 2,865 

Estimated Gas Production Cost $5.14/MCF 

Electric Power Generation 
be qenerated by means of a binary cycle or 

Electric power can 

flashed steam geothermal plant utilizing the 
by-product brine as a heat source. 
lic turbine-generator unit can also be instal- 
led at the wellhead to generate power, uti- 
lizing the excess pressure at the wellhead, 
although the output would continually decline 
as the pressure is depleted. 
estimates for a single well binary power plant 
show a total investment of $3.4 million for a 
1.6 Mw(e) (net) binary cycle plant and 
$680,000 for a 1.5 Mw(e) (net) installation of 
high and low pressure turbines. 
electric power from the thermal plant is esti- 
mated at 43 mills/kwh and for the twohydraulic 
turbine generators, 3.4 mills/kwh for the high 
pressure unit and 8 mills/kwh for the low 
pressure unit. These costs are based on an 
11.4% rate of return, which is typical for 
electric utility companies in the Texas and 
Louisiana region. 

A hydrau- 

Capital cost 

The cost of 

Conclusions 
for the Gulf Coast geopressured zones is ex- 
tremely high, most of the resource isapparently 
contained in shale, for which there is no pro- 
duction technology known. 
resource contained in sandstone, only a small 
percentage is likely to be encountered in 
reservoir-quality formations capable of high- 
volume flow for sustained periods of time. The 
minimum cost under the most optimistic condi- 
tions and in the most favorable known pros- 
pects is upwards of $5/mcf for natural gas, 
43 mills/kwh for thermal generated electric 
power and about 9C/kwh for power generated by 
hydraulic turbines. Under these very favor- 
able reservoir conditions, a small amount of 
marginally profitable energy may be produced. 
The number of such high-quality reservoirs 
depends primarily upon the size distribution of 
large, connected sand bodies in the geopres- 
sured zone. While this is presently indeter- 
minate, the probability is strong that such 
very large, permeable reservoirs will be few 
in number, difficult to locate and expensive 
to produce. The strongest factor in the eco- 
nomic success of a large high quality produc- 
tion reservoir, will be the amount of dissolved 
methane it contains. If the actual value of 
dissolved gas is substantially less than 
35 SCF/bbl, the cost of production in S.E. 
Pecan Island will increase almost directly. 
value of 20 SCF/bbl would raise the cost of 
the gas to about $~/McF. 

References 

While the resource base estimated 

Of the remaining 

A 

1. 

2. 

3. 

4. 

Bruce, C. H.(1973) Pressured shale and re- 
lated sediment deformation: mechanism for 
development of regional contemporaneous 
faults: Amer.Assoc.Petrol.Geo1ogists Bull. 
Vol. 57, pp.878-886. 

Wallace, R. H., Jr., T. F. Kraemer, R. E. 
Taylor and J. B. Wesselman, "Assessment of 
Geopressured-Geothermal Resources in the 
Northern Gulf of Mexico Basin" in Assess- 
ment of Geothermal Resources of the United 
States-1978 USGS Circ. 790, 1978. 

Randolph, P. L., Natural gas from geopres- 
sured aquifers?: Society of Petroleum En- 
gineers, American Institute of Mining En- 
gineers, preprint No. SPE 6826, 12 p.,1977. 

Kuuskraa, V. A., Brashear, J. P., Doscher, 
T. M., and Elkins, L. E., Enhanced recovery 
of unconventional gas, the program-volume 
I1 (of 3 volumes): HCP/T2705-02 U. S .  De- 
partment of Energy, Office of Fossil Energy 
Programs, Div. of Program Control and Sup- 
port, ch.6, p.6-1-6-64, 1978. 

/- 

3-42 



Doscher, T. M., R. H. Osborne, T. Wilson 
and S. W. Rhee, "The Economics of Produc- 
ing Methane from Geopressured Aquifers 
along the Gulf Coast", Final Rpt., DOE 
Contr. EY-76-5-03-0113, March, 1978. 

Swanson, R. K. and J. S. Osoba, "Produc- 
tion Behavior and Economic Assessment of 
Geopressured Reservoirs in the Texas and 
Louisiana Gulf Coast", Proc., Third Ann. 
Geoth. Conf., Elec. Power Res. Inst., 
Monterey, CA, June 1979. 

Parmigiano, J. M., "Geohydraulic Energy 
from Geopressured Aquifers", Thesis, Dept. 
of Petr. Engr., Louisiana State Univ.,1973 

Bernard, W. J., "Reservoir Mechanics of 
Geopressured Aquifers", pp. 157-69 in 
Proceedings, First Geopressured Geother- 
mal Energy Conference, M. H. Dorfman and 
R. W. Deller, eds., Center for Energy 
Studies, University of Texas, Austin, 
June 2-4, 1975. 

Samuels, G., "Geopressure Energy Resource 
Evaluation", Oak Ridge National Lab., 
ORNL/PPA-79/2, May 1979. 

10. Loucks, R. G., M. M. Dodge and W. E. 
Galloway, "Sandstone Consolidation Analy- 
sis to Delineate Areas of High Quality 
Reservoirs Suitable for Production of Geo- 
pressured Geothermal Energy along the 
Texas Gulf Coast", Final Report, DOE 
Contract EG-77-S-05-5554, Univ. of Texas, 
Austin, Bu. Eco. Geol., Jan. 1979. 

11. Swanson, R. K., P. Oetking, J. S. Osoba 
and R. C. Hagens, "Development of an 
Assessment Methodology for Geopressured 
Zones of the Upper Gulf Coast based on a 
Study of Abnormally Pressured Gas Fields 
in South Texas", ERDA, Washington, D.C., 
Aug. 1976. Contr. E(11-1)-2687. 

12. Doscher, T. M., "C02 Flooding Best Bet for 
Enhanced Recovery in Gulf of Mexico", Oil 
and Gas Jnl., May 2, 1977, 213. 

13. Bernard, W. J., "Evaluation of Five Po- 
tential Geopressure Geothermal Test Sites 
in Southern Louisiana", Final Report, US 
DOE Contr., EY-76-S-05-4889, Feb. 1979. 

14. Bloomster and Knutson, "An Analysis of 
Electricity Production Costs from the 
Geopressured Geothermal Resource," 
Battelle Pacific Northwest Laboratories, 
BNWL-2192, February 1977. 

3-43 



"1 
405 

2 0 , m  0 I- 10 20 30 
Porosity (percent1 

A' 
SLOPE ~ --t CONTINENTAL SHELF 

A 
COASTAL PLAIN 

40  

CORPUS 
CHRISTI  

0 50 100 
I M I L E S  w 

Figure I .  Depositional Style o f  Tertiary Strata Along the Texas Gulf Coast (Bruce, 1973). 

- INFINITE RADIUS 
____ RESERVOIR RADIUS 

20,000 bbl/day 40,000 bbl/doy 80,000 bbl/day 

C l O  

40 
l" 

0 tO 2 0  3 0  

RESERVOIR PERMEABILITY (md) 

Figure 2. Well L i fe  as a Function o f  Permeability, Flow Rate, and 
Reservoir Radius for  a Well Diameter o f  6 in., Reservoir 

Thickness o f  200 f t ,  and Pore Compressibility o f  
7 x  1@6psi-'. All Radii Are Given in Miles. (From Ref .  9) 

r 

----Sandslones with mol'rm 

-Sondslones wlthoul molrt i  

0171 dolo wlntil 

14393 dolo wants1 

3-44 



i 

AVERAGE: * BBL/DAY 
22172 BBL/DAY 

STD. DEV.: 

14283 BBL/DAY 

SKEWNESS: 

-0.278 

MIN IMUM SURFACE PRESSURE = 300 PSI  

d 

WhOle c a e  
Llthout mlr,. 
I3789 data P O I ~ I L I  

5030 

-6ooo 

, 1 ++ + * + +  j 

70000 

W 

2 56000 
[I 

5 
42000 

W 
17 

a 28000 

> 

a 

a 
14000 

0 1  I 1 

0 20 40 60 80 100 

PROBABIL ITY,  % 

Figure 6. Probable Average Flow Over a Twenty Year Period for 
a Well in S.E .  Pecan Island Prospect, Vermillion Parish, L A .  

0 2000 4000 6000 8000 10000 
TIME, DAYS 

Figure 7. Flow Rate Versus Time, Single Well Development, 
S.  E .  Pecan Island, L A . ,  Optimistic Reservoir Parameters, in 

Most Favorable Part o f  the Reservoir. 

Figure 5. General Areas o f  Geopressured Sand Development, and Known Geopressured 
Prospects Which Have Received Detailed Study. 

3 - 4 5  



PERFORMANCE ASSESSMENT OF FLASHED STEAM QXYTHERMAL POWER PLANT 

RPll9 5 - 1 

Theodore E. Alt, PE 
Arizona public Service Company 

P. 0. Box 21666 
Phoenix, Arizona, 85036, (602) 271-7900 

Intrcduction 
ence at the Comisi6n Federal de Electricidad 
Cerro Prieto flashed steam geothermal pwsr 
plant are evaluated from the perspective of 
U. S.  utility operations. We focus on the 
design and maintenance of the power plant that 
led to the achievement of high plant capacity 
factors for Units No. 1 and 2 since comnercial 
operation began in 1973. For this study, plant 
capacity factor is the ratio of the average 
load on the machines or equipment for the 
period of time considered to the capacity 
rating of the machines or equipnt. 

The plant capacity factor is the annual gross 
output in GWh compared to 657 GWh (2  x 37.5 MW 
x 8760 h). 
annual output and PCF for the years 1974-1978. 

Five years of operating experi- 

The following table shows the 

FACTOR 

1974 463 0.70 
1975 518 0.79 
1976 579 0.88 
1977 592 0.90 
1978 598 0.91 

The CFE operates Cerro Prieto at base load 
consistent with the system connected electrical 
demand of the Baja California Division. The 
plant output was curtailed during the winter 
mnths of 1973-1975 when the system electric 
d m d  was less than the combined output cap- 
ability of Cerro Prieto and the fossil fuel 
plant near Tijuana. 
tric demand has increased and the Cerro Prieto 
units  now operate at full load all the time. 

The CFE added. Units 3 and 4 to Cerro Prieto in 
1979 which increased the plant name plate ca- 
pacity to 150 m. 
capacity will supply p e r  to San Diego Gas 
and Electric Company through an inter- 
connection across the border. 

Each year the system elec- 

Part of this additional 

The achiev-t of a high capacity factor over 
an extensive operating period was influenced 
by operation, design, and maintenance of the 
geotheml flash steam power plant. 

Geoth-1 Power PlanKOperation The operation 
of a geothermal steam electric plant is 
relatively sinple c o w e d  to a fossil fuel 
steam electric plant. A flow diagram for the 
steam cycle of a geothermal plant is shown in 

Figure No. 1. The equipment for either plant 
is similar, e.g., steam piping, turbo- 
generator, circulating water system, cooling 
tower, air-ejectors, and condenser. The 
operation of this equipment is known to many 
electric utility plant personnel, but the 
fossil fuel steam plant problems involving 
fuel handling, ash handling, carbustion, and 
feedwater systems are absent in the geotheml 
facility. Multiple wells supplying steam to 
the geotheml plant are an advantage compared 
to a single boiler steam supply in the fossil 
fuel plant in many respects. 

The flash steam geothenml plant and thehydro- 
electric plant appear similar in their m e r  
of operation. Both types of plant conduct the 
working f luid through the prime mver turbine; 
both obtain an energy supply from a large 
reservoir; both base load the generating units 
consistent with system electrical demand and 
reservoir ability to supply input energy. The 
operation of the geothermal plant can be 
conpared to the hydro-electric plant for 
manning requir-ts and plant capacity factor 
goals. 

Geotheml Power Plant Design Figure No. 2 
shows the basic design for the Cerro Prieto 
geothenml units. 
arrangenwt is familiar to steam electric 
power plant personnel. 

The direct contact baromtric condenser is 
unique for igeothermal steam plants. 
the condenser is a closed surface type heat 
exchanger that returns condensate to the 
boiler plant. 
direct contact with the steam exhaust from the 
turbine. 

Most of the equipmnt 

Usually, 

Cooling water does not have 

In the direct contact banmetric Condenser, 
the turbine exhaust steam is condensed by 
direct mixture with the cooling water flow. 
Direct contact of the cooling water and 
exhaust steam gives optimum condenser heat 
transfer. 
cooling tower for heat rejection: a portion of 
the flow is discharged to evaporation p:4s to 
maintain the desired water quality in ths 
cooling tower basin. 

Three steam jet air ejectors are installed in 
each unit to r m v e  non-condensable gases 
from the condenser. Usually only tsm air 

The combined liquid flows to the 
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ejectors are required to handle the non- 
condensable gas flow. 
been helpful when it was necessary to r a v e  an 
ejector from service for maintenance while the 
generating unit continued in service. 

Materials of Construction, Design One thousand 
tests were conducted on a number of candidate 
materials prior to the selection of rmterials 
for the critical parts of the plant. Samples 
were exposed to the geotheml steam, both 
aerated and non-aerated and to condensate, for 
a period of 150 days. The steam was obtained 
from Cerro Prieto well M-8 and the condensate 
from steam from wells M-3 and M-5. 

The spare ejector has 

The material for equipment fabrication was 
selected on recmndations of the manufac- 
turers plus CFE candidate material tests. 
operating experience has confirm4 that mst 
of the rmterial selection was correct. 

There have been some corrosion problems with 
the metal alloys supplied by the manufacturers. 
Before discussing the material ncdifications 
that required outages or impaired the achieve- 
ment of high capacity factor, we will describe 
some of the p e r  plant equipment. 

Power Plant EQrLpment, Turbine Generator The 
turbine senerators were sumlied bv the Tovko 
Shibaura-Electric Company,-Ltd. (T&hiba) .- The 
steam turbines are of the single-cylinder, 
doubleflow type with six stages of inpulse- 
reaction blades in each flow path. 
ator is rated at 44,200 kVA, 13.8 kV, 60 hz, 
and a power factor of 0.85. 
rotation is 3600 FPM, and both the rotor and 
the stator are hydrogen cooled. 

The turbine rotor is machined from a 1 Cr-1 
W 1 / 4  V alloy steel forging, and forms a shaft, 
wheels, bearing journals and coupling flanges. 
Alloy steels containing Ni are not used because 
of their poor corrosion resistance. 
bine blades are machined from 12 Cr alloy 
steel bar stock; they are enclosed with a 
shroud which is hand-riveted in place. 
blades of the last row are fitted with 
stellite erosion shields and fastened together 
with lashing wire to minimize vibrations. The 
nozzle partitions are of 12 Cr-0.2 Al alloy 
steel, and the labyrinth strips are of 1 5  Cr- 
1.7 Mo alloy steel. 
inner casing are made of carbn steel according 
to ASTM specification ASTM-A285. 

Power Plant Equiwt, Barmsmetric Condenser 
The condenser is a direct-contact barmtric 
type located adjacent to the power house as 
shorn in Figure No. 2. The exhaust from the 
turbine is conveyed to the condenser by means 
of a duct which is 3.6 m (11.8 ft) in dimter 
and about 40 M (131 ft) in length, including 
three right-angle bends. Non-condensable gases 
are raved from the top of the condenser shell 
through a 0.7 m (2 .3 ft) dimter pipe. 

The gener- 

The speed of 

The tur- 

The 

The turbine outer and 

The shell of the condenser is carbon steel 
with an interior protective coating of epoxy 
resin. Circulating water is distributed 
across the exhaust vapor inlet by means of 
nozzles and trays made of Stainless Steel 
AIS1 304L. The condenser is 25.35 m (83.2 ft) 
high with a shell diameter of 6.7 m (22 ft) , 
shell height of 9.6 M (31.5 ft), and tail pipe 
2 m (6.6. ft) in diameter and 12 m (39.4 ft) 
in length. 
No. 3. 

Condensers are shown in Figure 

Powr Plant Equipment, Non-Condensable Gas 
Extraction The gas extraction system consists 
of a --stage steam ejector with an inter- 
and after-condenser. There are three first- 
stage steam ejector nozzles that operate in 
parallelleach is connected to a separate 
inter-condenser. There are three second-state 
steam ejectors, also in parallel, and three- 
after-condensers. The gas extraction system 
receives motive steam from the min steam line 
and cooling water from the circulating water 
system. 

The non-condensable gases rmved from the 
condenser by means of the steam ejector system 
are discharged to the atmosphere through475m 
(18 in) dimter fiberglass pipes (one for 
each unit) which extend to a height of 40 m 
(131 ft) above the ground. The prevailing 
winds blow these gases away from the plant. 
On windless days, the concentration of H2S m y  
reach dangerous levels in certain areas. 
additional vent line was constructed from the 
power house at the base of the gas extraction 
stacks to the evaporation pond. The resin- 
lined, steel vent duct is 584 mn (23 in) in 
diameter and is 1250 m (4100 ft) in length. 

H2S is also emitted from the cooling tower 
stacks so it is impossible to vent all the 
H2S away from the p w r  house. 
winds usually carry the cooling towr pluroes 
away from the pwer house. 
is 100 m (328 ft) from the plant and is 
aligned. with the direction of the prevailing 
winds. 

An 

The prevailing 

The cooling tower 

Power Plant Fqupment, Electrical Apparatus 
The electrical equiprent is susceptible to 
corrosive attack by hydrogen sulfide; special 
precautions are taken for the protection of 
this equipwnt. Most switch-boards, including 
the control room main switch-bard, are in- 
stalled in enclosures provided with air con- 
ditioning systems. 
fitted with activated carbon filters filled 
with activated alumina beads impregnated with 
potassium permanganate. The electrical con- 
tacts on the high-voltage side at the sub- 
station are plated with a noble netal alloy. 

Unit Outages Operating records at the plant 
were reviewed to accumulate the annual forced 
and programed outage hours. There were a 
total of 344 outage hours; from the t k  Units 

These a/c systems are 
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No. 1 and 2 began c m r c i a l  operation unt i l  
the end of 1978. The s r ~ l l  number of outage 
hours s h m  the good availability and reliabil- 
i t y  of the power plant @ p m t .  
mt p e r f o m c e  was a r e su l t  of carefuldesign, 
mterial selection and maintenance. 

The 

The following table Outage Hours shows forced 
and prograrnrwl outages for U n i t s  No. 1 and 2. 
Forced outages are defined by the CFE as non- 
scheduled shu tdms  init iated by electrical 
relay actions. Programed outages are con- 
trolled unit shutdowns t o  correct a mechanical 
problem. 

OUTAa HOURS 

Forced Programed Total 

1974 
1974 
1975 
1975 
1976 
1976 
1977 
1977 
1978 
1978 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

9 
8 

29 
18 
2 

14 
-0- 
-0- 
- 0- 
-0- 

1 2  
4 1  
20 
83 
35 
14  
22 

6 
7 

24 

2 1  
49 
49 

10 1 
37 
28 
22 

6 
7 

24 

The p r o g r m  outages were necessary t o  make 
repairs of associated mterial damaged by 
corrosion. O i l  coolers, hydrogen coolers and 
steam j e t  air ejectors w e r e  the items that 
experienced failures. 

Power Plant Maintenance 
cating o i l  coolers were furnished w i t h  alumi- 
num tubing. 
and the CFE changed the tube material t o  
titanium beginning i n  1974. 
generator hydrcgen coolers were  also furnished 
w i t h  aluninum tubing which had t o  be replaced 
with titanium. 

The turbine lubri- 

Corrosion of the tubing was severe 

The electric 

The cooling water suppll7 headers for the 
hydrogen coolers were furnished as stainless 
steel by the CFE. The supply and return 
piping, connecting the headers and coolers, was 
furnish by Toskiba as low c a r h n  steel. 
piping was replaced w i t h  stainless steel during 
prograrnned outages or annual maintenance. 

The discharge (diffuser) tubes of the air 
ejectors were furnished as c a r h n  steel. T h i s  
m t e r i a l  had t o  be replaced w i t h  stainless 
steel because of severe corrosion perforations 
caused by the non-condensable gases. The plant 
design had three sets of ejectors for each unit 
but the &fold shut-off valves for  the 
ejectors failed t o  close and the unit had to be 
shutdown to do repairs on the ejector set. 

Power Plant Maintenance Schedule Kajor main- 
tenance was  conducted on an annml basis per 
recormendations of the turbine mufacture ,  
Toskiba. During the turbine internal annual 

T h i s  

inspections the CFE found scaling in  the 
nozzles and on the blading of the turbine. 
The deposits w e r e  r m v e d  by mhan ica l  
cleaning and the turbine internals were exam 
ined with a dye penetrant test. 

N o  fissures were detected in the turbine 
internals but the scaling continued t o  form 
during the running period. The scaling was 
caused by carry-over in  the steam from vapor/ 
liquid separators a t  the w e l l  heads. 
scaling restricted steam flow and decreased 
the unit output about 10 percent during the 
course of one years operation. 

The vapr/liquid separator is s h m  i n  Figure 
No. 4. The length of the internal vapor 
outlet pipe was increased and the separation 
improved. 
evident during the annual overhauls. 
internal condition of the turbine showed less 
scaling relative to prior inspections. 
internal condition proqted the CFE to extend 
the the between overhauls. 
table shms the maintenance schedule for 
Units No. 1 and 2 since start-up in  1973. 

The 

The better quality of steam was 
The 

T h i s  

The f o l l m h g  

Y e a r  Unit 
1973 2 
1973 1 
1974 2 
1974 1 
1975 2 
1975 1 
1976 2 
1977 1 
1978 2 
1979 1 
1979 3 
1979 4 

- 

operatins 
Hours 

Between Maintenance 
overhaul Period 

S t a r t  Operation 4/1973 
S t a r t  Operation 9,4973 

832s 39 days 
9380 42 days 
7533 27 days 
7937 32 days 
7169 26 days 

12119 32 days 
15596 36 days 
16943 36 days 

Star t  Operation 3/1979 
S t a r t  Operation 4/1979 

U n i t  No.  2 i s  scheduled for major maintenance 
i n  Februxy 
tion, but rmintenance is delayed until  April 
1980 to permit kn tenance  of U n i t  4 earlier 

1980 after 16,000 hours of opera- 

than planned. 

Surnrary The CFE geo theml  flash steam power 
plant has achieved a high capacity factor 
during five years of comnercial service. 
Plant operation, design and maintenance have 
contributed t o  tkis geothermal energy electric 
production accomplishnent. 

Cerro Pr ie to  operation as a base load geother- 
m 1  plant has been stable and relatively 
simple campared to running a fossi l  fuel f ired 
steam plant. Base load operation eliminates 
the thermal cycling stress problems that are 
encountered in peaking or load following steam 
plants. 
t ha t  the plant capacity factor will remain a t  
its high level for  the next five year period. 

The plant personnel are confident 

6 
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Careful selection of mterial compatible to 
the geothermal steam is a major design con- 
sideration. 
with redundant systems when there is evidence 
that corrosive elements in the geothermal 
steam may cause problems that require mainte- 
nance outages. 
should insure uninterrupted operation of 
generating unit with emphasis on the capabil- 
ity to isolate the redundant system should it 
require maintenance. 

Maintenance by plant personnel should be 
prompt, cost effective, and done with the goal 
that the repair problem will not occur again. 

Plant equipment can be designed 

Design of the redundant system 

This report was prepared by Arizona Public 
Service Company as an account of work 
sponsored by the Electric Power Research 
Institute, Inc. (EPRI). Neither EPRI, remkrs 
of EPRI, Arizona Public Service Company, nor 
any person acting on behalf of either: (a) 
M e s  any warranty or representation, express 
or mplied, with respect to the accuracy, 
completeness, or usefulness of the information 
contained in this report, or that the use of 
any information, apparatus, metholi, or process 
disclosed in this report may not infringe 
privately owned rights; or (b) assumes any 
liabilities with respect to the use of, or 
for damages resulting from the use of, any 
information, apparatus, methd, or process 
disclosed in this report. 

Steam Header 
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Generator 
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Figure No. 1 
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POWER PRODUCTION FROM GEOTHERMAL BRINE WITH THE ROTARY SEPARATOR TURBINE 

Contract RP1196 

Donald J. Cerini and Lance G. Hays 
Biphase Energy Sys tems 
2800 Airport Avenue 
Santa Monica, CA 90405 

Abstract The rotary separator turbine is a 
new turbine device that operates with gas- 
liquid mixtures. This device achieves com- 
plete gas-liquid separation, generates power 
from the liquid and repressurizes the liquid. 

The use of the rotary separator turbine for 
geothermal power generation was investigated 
on this program. A pilot scale unit was 
designed and tested. Tests were conducted 
with a clean water/steam mixture and with 
geothbrmal brine/steam flows at East Mesa, 
California; Raft River, Idaho; and Roosevelt 
Hot Springs, Utah. 

The test results were used to calculate the 
performance advantage of a rotary separator 
turbine power system compared to a flash 
steam power system and a binary power system. 
The calculated performance advantages were 
then used to estimate market potential for 
wellhead and central station Biphase units. 

The measured performance in the laboratory 
and in the field agreed to within f10% of 
the predicted values. The design goal of 
20 kWe was generated both in the laboratory 
and from brine. 
measured to be greater than 99.96% at all 
three geothexmal resources and in the labora- 
tory. Brine pressure leaving the test unit 
was greater than reinjection pressure re- 
quirements. (Maximum brine outlet pressure 
of 90 psig was demonstrated.) 

The measured performance values would result 
in a 34% increase in electric power production 
above a single stage flash steam system. In- 
creasing the size from the pilot size unit 
(2OkWe) to a wellhead unit (2000 kWe) gave a 
calculated performance advantage of 40%. 
Based on these favorable results, design, 
construction and testing of a full-size well- 
head unit was initiated. 

separated steam quality was 

1. Introduction Generation of electricity 
from the hydrothermal geothermal resource is 
an important part of our country's future 
energy sources. (1,2) This is especially true 
in the western USA where the amount of avail- 
able energy is sufficient to provide a signi- 
ficant fraction of the power for major metro- 
politan areas. 

However, development of this resource has not 
progressed as rapidly as early predictions. (3) 
Some of the barriers to development have been 
institutional in nature--financing, legal, 
risk acceptance, environmental, regulatory. 
Other problems have a technological basis-- 
scale deposition, corrosion, efficiency of 
energy conversion, cost. Rapidly escalating 
fuel costs make it imperative to solve these 
problems in the near future. 

The rotary separator turbine is a new 
device(l) which has the potential of solving 
many of the aforementioned problem areas. The 
rotary separator turbine produces clean steam 
for steam turbines or heat exchangers directly 
from brine. Scaling and corrosion are less 
severe than in conventional separators. Addi- 
tional power is generated from the brine 
itself. As much as 50% can be added to the 
energy of the steam flashed from the brine. (5) 
Finally, the separated brine is internally 
pressurized to the pressure required for re- 
injection. 

The performance advantages, the compact size 
and the low cost of the rotary separator tur- 
bine should enable the development of smaller 
geothermal power systems (<20 MW) producing 
power at a cost which is competitive with 
larger conventional systems. The availability 
of a low cost skid mounted power system with 
standardized components should solve many of 
the institutional barriers mentioned. The 
lower capital investment (e.g., $10 million 
versus $80 million) will alleviate financing 
and reduce the risk. The risk of resource 
depletion is reduced because the power system 
can be readily relocated. The smaller power 
levels have many regulatory and environmental 
benefits under the present law.(6) The abil- 
ity to produce power in 1-2 years from fewer 
wells enables a more immediate return on well 
completion investments. 

The technology proven in smaller systems can 
also be applied to larger systems to achieve 
the same performance advantages. Wellhead 
rotary separator turbines or larger central 
units can be used. In either case more power 
per pound of brine than a two stage or single 
stage flash steam system has been calculated 
for measured rotary separator turbine perform- 
ance levels. 
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I n  o r d e r  t o  demonstrate  t h e s e  g a i n s  a p i l o t  
scale r o t a r y  s e p a r a t o r  t u r b i n e  w a s  c o n s t r u c t e d  
and t e s t e d .  A p o r t a b l e  t e s t  system w a s  used 
t o  t e s t  t h e  u n i t  i n  t h e  l a b o r a t o r y  and a t  sev- 
e ra l  f i e l d  s i t e s .  The t e s t  r e s u l t s  w e r e  used 
t o  c a l c u l a t e  t h e  performance advantage of  a 
r o t a r y  s e p a r a t o r  t u r b i n e  power system compared 
t o  a f l a s h  steam power system and a b i n a r y  
power system. 
vantages  w e r e  t h e n  used t o  estimate market 
p o t e n t i a l  f o r  wel lhead and c e n t r a l  s t a t i o n  
r o t a r y  separator t u r b i n e  units. 

Subsequent ly ,  a wel lhead Biphase r o t a r y  sepa- 
r a t o r  t u r b i n e  w a s  des igned  and i s  be ing  manu- 
f a c t u r e d .  This  u n i t  w i l l  be  t e s t e d  on a 
geothermal w e l l  t o  demonstrate  performance of 
a f u l l  s i z e  u n i t .  These r e s u l t s  w i l l  v e r i f y  
t h e  c a l c u l a t e d  performance g a i n s .  

This  p:per w i l l  summarize r e s u l t s  of  t e s t i n g  
t h e  p i l o t  scale u n i t ,  t h e  c a l c u l a t e d  perform- 
ance advantages and t h e  des ign  of t h e  w e l l -  
head u n i t .  I n  a d d i t i o n ,  a t e n  megawatt power 
system i n c o r p o r a t i n g  t h e  wel lhead u n i t  w i l l  
be d e s c r i b e d .  

The c a l c u l a t e d  performance ad- 

2 .  P r i n c i p l e s  of Operat ion The p r i n c i p l e s  of  
o p e r a t i o n  of t h e  r o t a r y  s e p a r a t o r  t u r b i n e  can 
b e s t  be  understood by c o n s i d e r i n g  i t s  t h r e e  
major components: t h e  two-phase nozz le ,  t h e  
r o t a r y  s e p a r a t o r  and t h e  l i q u i d  t u r b i n e .  In  
t h i s  s e c t i o n  each w i l l  be  expla ined .  An ex- 
ample of each i s  g iven  u s i n g  t y p i c a l  f low con- 
d i t i o n s  from a geothermal  w e l l .  

Two-Phase Nozzle The purpose of  t h e  two-phase 
n o z z l e  i s  t o  use t h e  a v a i l a b l e  thermal  energy 
of  b r i n e  and steam t o  impar t  k i n e t i c  energy t o  
t h e  b r i n e  d r o p l e t s .  This i s  i l l u s t r a t e d  i n  
F igure  1 which shows t h e  d i f f e r e n c e  between a 
convent iona l  f l a s h  p r o c e s s  and a two-phase 
n o z z l e  expansion.  

F i g u r e  1. Comparison of Two-Phase Nozzle 
Expansion w i t h  F l a s h  Expansion 

In  t h e  f l a s h  p r o c e s s  t h e  high p r e s s u r e  b r i n e /  
steam mixture  flows through an o r i f i c e  o r  
v a l v e ,  lowering t h e  p r e s s u r e  and caus ing  more 
steam t o  f l a s h .  Since it i s  an i s e n t h a l p i c  
p r o c e s s  a l l  t h e  k i n e t i c  energy a t  t h e  o r i f i c e  
i s  d i s s i p a t e d  as h e a t .  
u s a b l e  energy i s  t h e  thermal  energy of  t h e  
steam. For t h e  example shown t h e  t o t a l  avail-  
a b l e  energy i s  5043 kw i f  t h e  steam i s  ex- 
panded i n  a s t e a m  t u r b i n e  wi th  an e f f i c i e n c y  
of 70%. This  process  corresponds t o  p a t h  0-1 
i n  F igure  2 .  

A s  a r e s u l t  t h e  o n l y  

ICONSTANT ENTHALPY I 

tc 3 

s T2 

I M 
INE 
NSlON 

T ENTROPY 

F i g u r e  2 .  Temperature Entropy Diagram f o r  
Rotary S e p a r a t o r  Turbine System 

In  t h e  two-phase nozz le ,  t h e  p r e s s u r e  i s  low-  
e r e d  gradually by changing t h e  c r o s s  s e c t i o n .  
The steam which i s  formed pushes on t h e  b r i n e  
d r o p l e t s  as it flows t o  t h e  nozz le  e x i t .  Thus, 
t h e  steam does work on t h e  b r i n e  d r o p l e t s  
(much i n  t h e  s a m e  manner as it would on t u r -  
b i n e  b l a d e s )  impar t ing  k i n e t i c  energy.  A t  t h e  
e x i t  of  t h e  nozz le  t h e r e  are t h r e e  forms o f  
u s a b l e  energy:  t h e  steam k i n e t i c  energy,  t h e  
b r i n e  k i n e t i c  energy,  and t h e  steam thermal  
energy.  A s  shown i n  t h e  example of F igure  1, 
t h e s e  t h r e e  energy sources  are 582 kw, 2024 
kW and 4506 kW g i v i n g  a t o t a l a v a i l a b l e e n e r g y  
of  7112 kW. 

R e f e r r i n g  t o  F igure  2 ,  t h e  flow through t h e  
two-phase nozzle  fo l lows  t h e  p a t h  0-2.  The 
e x i t  p o i n t  i s  a t  a lower e n t h a l p y  than  t h e  
i s e n t r o p i c ,  p a t h  0-2;. The d i f f e r e n c e  i n  
e n t h a l p y ,  Hl-H2, i s  conver ted  t o  steam and 
b r i n e  k i n e t i c  energy.  The amount o f  steam 
f l a s h e d  i s  somewhat less i n  p a t h  0-2 than  
p a t h  0-1. I n  t h e  example of  F igure  1 t h i s  
accounts  f o r  t h e  l a r g e r  steam thermal  energy 
(5043 kW v e r s u s  4506 kW). 

Refer r ing  t o  F igure  1, t h e  t o t a l  a v a i l a b l e  
energy a t  t h e  nozz le  e x i t  i s  7112 kw compared 
t o  a t o t a l  o f  5043 kw f o r  t h e  f l a s h  o r i f i c e .  
The d i f f e r e n c e ,  2069 kW, i s  4 1 %  g r e a t e r  t h a n  
t h e  energy a v a i l a b l e  from t h e  f l a s h  p r o c e s s .  
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Rotary S e p a r a t o r  The a d d i t i o n a l  k i n e t i c  
energy i n  t h e  b r i n e  can  be conver ted  t o  s h a f t  
power by impinging the two-phase j e t  d i r e c t l y  
on t u r b i n e  b lad ing .  ( 7 )  However, l a r g e  losses 
of l i q u i d  energy may be encountered as t h e  
b r i n e  f lows a t  h igh  v e l o c i t y  a c r o s s  extended 
b lade  s u r f a c e s .  Because of  t h i s  and o t h e r  
d i sadvantages  r e l a t i n g  t o  c o r r o s i o n / e r o s i o n  
and br ine /s team management, a d i f f e r e n t  ap- 
proach t o  e x t r a c t i n g  t h e  b r i n e  energy i s  used.  

The approach used  i s  t o  s e p a r a t e  t h e  b r i n e  
from t h e  steam before c o n v e r t i n g  t h e  k i n e t i c  
energy t o  a u s e f u l  form. F igure  3 i l l u s t r a t e s  
t h e  r o t a r y  s e p a r a t o r  used f o r  t h i s  purpose 
and c o n t r a s t s  i t s  performance t o  a cyclone 
s e p a r a t o r .  

.ID WALL, 

VW 

CYCLONE 
SEPARATOR 

NOZZLE VELOCITY, V,. ttlr 995 

WALL VELOCITY, Vw. f i l s  0 

LIQUID VELOCITY, fth 

LIQUID ENERGY. KW 

TOTAL PRESSURE. p i a  99 

LIQUID CARRYOVER, % 1-2 

FREE 
WHEELING 

ROTARY 
SEPARATOR 

995 

888 

888 

1612 

5203 

0 

ROTARY SEPARATOR 
WITH EXTERNAL 

DRAG 

995 

755 

755 

1165 

3787 

0 

F i g u r e  3 .  Comparison of Rotary S e p a r a t o r  wi th  
Cyclone S e p a r a t o r  

I n  both  s e p a r a t o r s  t h e  two-phase j e t  impinges 
t a n g e n t i a l l y  t o  a w a l l .  In  a cyclone sepa- 
rator t h e  w a l l  i s  s t a t i o n a r y  whi le  i n  a rotary 
s e p a r a t o r  it i s  al lowed t o  f r e e l y  r o t a t e  i n  
t h e  s a m e  d i r e c t i o n  as t h e  e n t e r i n g  je t .  

I n  a cyclone s e p a r a t o r  t h e  k i n e t i c  energy o f  
t h e  b r i n e  i s  d i s s i p a t e d  as f r i c t i o n  on t h e  
w a l l .  The r e s u l t a n t  b r i n e  f i l m  h a s  no energy 
a v d i l a b l e  f o r  recovery .  Furthermore t h i s  s l o w  
moving b r i n e  l a y e r  i s  s u s c e p t i b l e t o r e e n t r a i n -  
ment by t h e  high v e l o c i t y  steam c o r e .  This  
secondary en t ra inment  i s  r e s p o n s i b l e  f o r  t h e  
l i q u i d  c a r r y o v e r  i n  t h i s  t y p e  of  s e p a r a t o r .  (9) 

In  t h e  r o t a r y  s e p a r a t o r  t h e  moving w a l l  means 
t h e r e  i s  a very  low r e l a t i v e  impact  v e l o c i t y ,  
minimizing e r o s i o n .  The s e p a r a t e d b r i n e l a y e r  
t ravels  a t  t h e  same v e l o c i t y  as t h e  w a l l  so  
t h e r e  i s  o n l y  a s m a l l  f r i c t i o n a l  energy lo s s .  
For  t h e  example of  F igure  3 i f  t h e  w a l l  i s  
al lowed t o  f r e e l y  r o t a t e  w i t h  t h e  j e t  t h e  
b r i n e  energy (ava i lab le  i s  1612 kW. The t o t a l  
p r e s s u r e  i s  5200 psia ( m o r e  t h a n  10 t i m e s  t h e  
i n l e t  nozz le  p r e s s u r e ) .  I f  an e x t e r n a l  l o a d  
w e r e  a p p l i e d  to t h e  s e p a r a t o r  s h a f t  t o  slow 
it down t o  15'5 f t / s  t h e  k i n e t i c  energy of t h e  
r o t a t i n g  b r i n e  l a y e r  would be 1165 kW and a 
t o t a l  p r e s s u r e  of  3787 psia.  

The k i n e t i c  energy could  be recovered  by 
s imply i n s e r t h g  a p i t o t  t y p e  d i f f u s e r  i n t o  
t h e  flow. For a d i f f u s e r  e f f i c i e n c y  of 0.85 
t h e  o u t l e t  b r i n e  would be a t  3218 p s i a  i n  t h e  
l a t t e r  case .  

In  t h i s  examp:te, t h e  s e p a r a t e d  steam flows 
r a d i a l l y  inward and e x i t s  t o  a steam t u r b i n e .  
N o  a t t e m p t  i s  made t o  recover t h e  steam 
k i n e t i c  energy.  However, r a d i a l  i n f l o w  o r  
impulse vapor  b l a d i n g  can be mounted on t h e  
s e p a r a t o r  drum t o  r e c o v e r  t h e  s t e a m  k i n e t i c  
energy.  A p r o t o t y p e  of  t h i s  t y p e  of  r o t a r y  
s e p a r a t o r  i s  c u r r e n t l y  i n  c o n s t r u c t i o n .  The 
k i n e t i c  energy may also b e  conver ted  t o  
superhea t  t o  provide  b e t t e r  steam c o n d i t i o n s  
f o r  t h e  steam t u r b i n e .  I f  t h e  steam k i n e t i c  
energy i s  d i s s i p a t e d  i n  t h e  r o t a r y  s e p a r a t o r  
t h e  r e s u l t a n t  h e a t  w i l l  produce an added 
amount of  s t e a m .  

The r o t a r y  s e p a r a t o r  a l lows  s e p a r a t i o n  of  t h e  
b r i n e  from t h e  steam w i t h  minimum energy 
loss.  
energy t h a t  ci.n be  conver ted  t o  p r e s s u r e  i n  a 
d i f f u s e r  or t c ~  s h a f t  energy w i t h  a l i q u i d  
t u r b i n e .  

The r e s u l t i n g  b r i n e  f low h a s  k i n e t i c  

Liquid  Turbin,? 
k i n e t i c  energy t o  s h a f t  energy can be accom- 
p l i s h e d  w i t h  .a simple l i q u i d  impulse t u r b i n e .  
In  F igure  4 t n e  b r i n e  and drum w a l l  are t r a v -  
e l l i n g  a t  a v e l o c i t y ,  Vs. 
immersed i n  t h i s  flow and c o n s t r a i n e d  by a 
l o a d  t o  t ravel  a t  a v e l o c i t y  V t  = 5,Vs , t h e  
a b s o l u t e  v e l o c i t y  (and energy of  t h e  b r i n e )  
l e a v i n g  t h e  scoop a t  180° is  Ve  = 5, V, - %V, = 0 .  
T h e m l i q u i d  t u r b i n e  power t r a n s f e r r e d  t o  t h e  
s h a f t  for t h i s  c a s e  (wi th  no losses) i s  
1165 kw. 
ogous t o  a g a s  impulse t u r b i n e  b u t  o n l y  a 
s i n g l e  scoop or tube i s  r e q u i r e d  t o  t u r n  t h e  
f low through ].SO0. 

I f  p r e s s u r e  i s  t o  be recovered  i n  t h e  l e a v i n g  
b r i n e  s o m e  k i n e t i c  energy must be l e f t .  I n  
t h e  second example o f  F igure  4 t h e  l i q u i d  
t u r b i n e  t i p  speed V t  i s  438 f t / s .  The l e a v i n g  
b r i n e  v e l o c i t y  (wi th  l o s s e s )  i s  168 ft/s. 
This  v e l o c i t y  corresponds t o  a t o t a l  p r e s s u r e  
of  282 psia which may be recovered  i n  a d i f -  
f u s e r .  

Conversion of t h e  b r i n e  

If a scoop i s  

T h i s  l i q u i d  impulse t u r b i n e  i s  ana l -  
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TOTAL LICIUID PARTIAL LIQUID 
POWER EXTRACTION POWER EXTRACTION 

LIQUID VELOCITY, V,. Wr 755 

LIQUID TURBINE TIP SPEED, Vt, fth 378 

0 LIQUID VELOCITY AT EXIT, V,, Ws 

755 

438 

168 

LIQUID TURBINE POWER. P,. kW 1165 1051 
IN0 LOSS1 

ENERGY REMAINING IN LIOUID. kW 0 

REMAINING TOTAL PRESSURE. p i  99 

58 

282 

Figure 4. Comparison of Liquid Turbine 
Operating Modes 

Assembly 
into a complete rotary separator turbine is 
shown in Figure 5. The brine/steam mixture 
flows through a two-phase nozzle and is di- 
rected tangentially on the freely rotating 
drum. The steam is separated by centrifugal 
forces and flows radially inward and out the 
port to a steam turbine. The brine layer on 
the primary rotary separator flows through 
holes to the other side of the support disc. 

The assembly of these components 

Figure 5. Rotary Separator Turbine Assembly 
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The brine layer drives a liquid impulse tur- 
bine immersed in the flow. The liquid turbine 
shaft is connected to a generator or other 
load. The brine leaving the scoop of the 
liquid turbine is collected on a second free- 
wheeling separator drum. A stationary dif- 
fuser, immersed in the flow collects and 
repressurizes the brine for reinjection. 

C 

The net power available after consideration of 
all losses is summarized in Table I. The 
rotary separator turbine used with a steam 
turbine generates 6308kW versus 5043 kW for a 
flash steam turbine. Addition of 70% effi- 
cient steam impulse blading would increase the 
rotary separator turbine system output to 
6715 kW. Thus the brine rate can be 67 Zb/khk 
for this example compared to 89 Zb/kWh for the 
flash steam turbine. 

Table I 

COMPARISON OF TOTAL USEFUL ENERGY 
FOR A ROTARY SEPARATOR TURBINE 
SYSTEM AND FLASH STEAM SYSTEM 

Rotary 
Flash Separator 
Steam Turbine 

Steam Turbine kW 504 3 4684 
Liquid Drag Turbine kW 0 410 
Liquid Impulse Turbine kW 0 1165 
Energy for Pumping kW 0 -  49 

Total Useful Energy 5043 6308 

Brine Utilization Ratio = 6308 = 1.25 5043 

The operating principles and component parts 
of a rotary separator turbine are very simple. 
Calculation of the performance for a high tem- 
perature geothermal well shows a 25-30% gain 
is possible. 
lower temperature resources give even larger 
gains. 

The same relations applied to 

3. Experimental Results The main purpose of 
the experimental program was to establish the 
validity of the performance relations used to 
design rotary separator turbines. 
to accomplish this purpose a unitwasdesigned 
and tested both in the laboratory and in the 
field. 

In order 

Experimental Turbine The experimental turbine 
is shown schematically in Figure 5. The unit 
was designed to operate with a brine/steam 
mixture for test periods up to 500 hours. The 
rotor and case were constructed from aluminum 



with a p ro tec t ive  coating. Bearing, s e a l s  
and o the r  a n c i l l a r y  components were off-the- 
s h e l f .  The r e s u l t i n g  u n i t  w a s  s u i t a b l e  f o r  
performance t e s t i n g  and eva lua t ion  of s c a l e  
depos i t ion .  
u n i t  during opera t ion  i n  t h e  f i e l d .  
geometric parameters a r e  summarized i n  
Table 11. 

Figure 6 i s  a photograph of t h e  
The key 

Figure 6. P i l o t  Sca le  Rotary Separator 
Turbine Operating i n  F ie ld  

The ca l cu la t ed  power output  w a s  20.8 kW f o r  a 
b r ine  p re s su re  of 80 psia and a vapor q u a l i t y  
of 4.4% a t  t h e  i n l e t  t o  t h e  nozzle.  This cor- 
responds t o  a b r ine  flow r a t e  of 4.7 lb / s .  
Since t h e  nozzle has a f i x e d  t h r o a t ,  opera t ion  
a t  condi t ions  o the r  than t h e  above r e s u l t s  i n  
the  nozzle being off-design. Depending on t h e  
na ture  of t h e  dev ia t ion  t h e  pred ic ted  tu rb ine  
power can e i t h e r  i nc rease  o r  decrease.  Figure 
7 g ives  t h e  pred ic ted  power output  versus  
nozzle i n l e t  pressure  for d i f f e r e n t  i n l e t  
vapor q u a l i t y .  Decreasing t h e  vapor q u a l i t y  
from .05 t o  .01 a t  80 psia inc reases the  power 
from 20 kW t o  about 24 kW. Decreasing t h e  
i n l e t  b r ine  p re s su re  from 80 p s i a  t o  60 p s i a  
a t  a vapor q u a l i t y  of .05 reducesthepower 
from 20 kW t o  about 14 kW. The performance 
a t  t h e  design p o i n t  i s  summarized i n  T a b l e I I I .  

30 

0 20 40 

NOZZLE INLET PRESSURE. PIW 

Figure  7. Power Output Var ia t ion  wi th  Nozzle 
I n l e t  Pressure  

Test System 
i n s t a l l e d  i n  a flow system which had been fab- 
r i c a t e d  i n  a &[)/.foot t r a i l e r .  
and instrumentation f o r  t h e  flow system were 
contained i n  t h e  t r a i l e r  t o  f a c i l i t a t e  t e s t i n g  
a t  f i e l d  s i t e s .  Figure 8 i s  a schemat i co f the  
test  system. :Cn t h e  labora tory  t h e  geothermal 

The r o t a r y  sepa ra to r  t u rb ine  w a s  

A l l  con t ro l s  

wel l  w a s  replaced by a b o i l e r .  TO 

:P&L- 
PONO 

BRINE SUPP1.Y VALVE 

TRAILER WALL 

--1 
I 
I STIAM - 
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Figure  8.  Rotary Separator Turbine F i e l d  
Tes t  System 



The b r i n e  and steam flows w e r e  manually con- 
t r o l l e d  and measured w i t h  o r i d i c e  f low meters. 
The p r e s s u r e  of  t h e  b r i n e  d i s c h a r g e  from t h e  
r o t a r y  s e p a r a t o r  t u r b i n e  w a s  c o n t r o l l e d  w i t h  
a manual t h r o t t l i n g  va lve .  The stream flow 
from t h e  t e s t  u n i t  w a s  sampled w i t h  a t h r o t -  
t l i n g  c a l o r i m e t e r  b e f o r e  be ing  d ischarged  t o  
atmosphere. F igure  9 i s  a photograph of  t h e  
t e s t  t r a i l e r  and t u r b i n e  dur ing  o p e r a t i o n  a t  
Roosevel t  Hot Springs.  

F i g u r e  9 .  T e s t  System During-Operation at 
Roosevel t  Hot Spr ings  

T e s t  Parameters  The r o t a r y  s e p a r a t o r - t u r b i n e  
w a s  t e s t e d  a t  t h e  l a b o r a t o r y  o f  Biphase Energy 
Systems i n  Santa  Monica, C a l i f o r n i a  and a t  
t h r e e  geothermal r e s o u r c e s .  The geothermal  
r e s o u r c e s  w e r e  W E  w e l l s  a t  E a s t  Mesa, 
C a l i f o r n i a  and R a f t  S v e r ,  Idaho a n d a  P h i l l i p s  
Petroleum w e l l  a t  Roosevelt H o t  S p r i n g s ,  Utah. 
The range  of  parameters  t e s t e d  i s  summarized 
i n  Table  I V .  Design v a l u e s  of  b r i n e  p r e s s u r e  
and i n l e t  vapor  q u a l i t y  w e r e  a t t a i n a b l e  o n l y  
a t  Roosevelt Hot Spr ings .  

T e s t  Experience 
o p e r a t e d  smoothly producing e l e c t r i c i t y  and 
c l e a n  steam a t  a l l  f o u r  t e s t  s i tes .  C a l c i t e  
s c a l i n g  a t  E a s t  Mesa and Roosevel t  H o t  Spr ings  
w a s  e l i m i n a t e d  comple te ly  by i n j e c t i n g  2-10 
ppm of  an o r g a n i c  phosphate .  N o  b r i n e  pre-  

t r e a t m e n t  w a s  used a t  Raft  River .  A t o t a l  of  
1 9 1  performance tests a t  E a s t  Mesa, 68 a t  Raf t  
River and 101 a t  Roosevelt H o t  Spr ings  w e r e  
conducted. The t o t a l  o p e r a t i n g  t i m e  logged by 
t h e  t e s t  t u r b i n e  w a s  230 hours .  

The r o t a r y  s e p a r a t o r  t u r b i n e  

Performance The r o t a r y  s e p a r a t o r  t u r b i n e  
genera ted  e lec t r ic  power from t h e  b r i n e ,  pro- 
duced c l e a n  steam and r e p r e s s u r i z e d  t h e  sepa- 
r a t e d  b r i n e .  Table  V summarizes t h e  measured 
r e s u l t s .  Output power ranging  from 0-22 kW 
w a s  measured. s e p a r a t e d  steam q u a l i t y  of  
g r e a t e r  t h a n  99.9% w a s  o b t a i n e d  a t  a l l  t h r e e  
t e s t  l o c a t i o n s .  Brine/water o u t l e t  p r e s s u r e  
as high as 90 p s i a  w a s  provided by t h e  
s e p a r a t o r .  

G 

The d a t a  o b t a i n e d  a t  Roosevelt Hot Spr ings  
w a s  w i t h  s a t u r a t e d  steam-brine a t  t h e  nozz le  
i n l e t  flow. The o t h e r  two t e s t  s i t e s  had 
subcooled b r i n e .  Therefore  t h e  measured per -  
formance a t  Roosevelt Hot Spr ings  provides  
t h e  b e s t  b a s i s  f o r  comparison w i t h  theory .  
F igure  10 i s  a p l o t  of  measured v e r s u s  pre-  
d i c t e d  power o u t p u t  f o r  a l l  t e s t  c o n d i t i o n s .  
A s  can  be  s e e n ,  agreement i s  e x c e l l e n t .  The 
d e v i a t i o n  from theory  i s  about  ?lo%, w e l l  
w i t h i n  t h e  accuracy of  t h e  i n s t r u m e n t a t i o n .  
These t e s t  data val idate  the calculated model, 
which w a s  used t o  des ign  t h e  p i l o t  scale t u r -  
b i n e  and t o  p r e d i c t  performance of t h e  Biphase 
t u r b i n e .  The d a t a  also v a l i d a t e  t h e  u s e  of 
t h e  model t o  p r e d i c t  o f f - d e s i g n  behavior  f o r  
a f i x e d  geometry r o t a r y  s e p a r a t o r  t u r b i n e .  

ROOSEVELT HOT SPRINGS 
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F i g u r e  10 .  Comparison of  Measured and 
C a l c u l a t e d  Power Output f o r  
Rotary S e p a r a t o r  Turbine 

The measured o u t p u t  power r e p r e s e n t s  an 
a d d i t i o n  t o  t h e  power which could  be g e n e r a t e d  
i f  t h e  same b r i n e  f low w a s  f l a s h e d  and t h e  
r e s u l t i n g  steam used t o  d r i v e  a steam t u r b i n e .  
The r a t i o  of  t h e  t o t a l  of  power o u t p u t  t o  t h e  
a v a i l a b l e  b r i n e  energy i s  d e f i n e d  as t h e  re- 
source  u t i l i z a t i o n  e f f i c i e n c y ,  vu. 
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Figure 11 shows the  t h e o r e t i c a l  value of nu 
p l o t t e d  versus f l a s h  temperature f o r  t h e  i n l e t  
b r ine  condi t ions  a t  Roosevelt Hot Springs f o r  
a Biphase expander e f f i c i e n c y  of 38% and f o r  a 
f l a s h  steam system. The measured performance 
a t  t h e  design condi t ion  i s  shownforcomparison. 
A s  can be seen, t h e  measured performance rep- 
r e s e n t s  a value of nu which i s  a 34% increase  
i n  power output  above a s i n g l e  s t age  f l a s h  
steam system. 

TI  * 350°F 

FLASH TEMPERATURE, F 

Figure 11. Resource U t i l i z a t i o n  Eff ic iency  
Versus F lash  Temperature f o r  
Rotary Separator Turbine and 
Flash Steam Turbine Systems 
wi th  a 350 F Resource Tempera- 
t u r e  

0 

The f i e l d  t e s t  r e s u l t s  a r e  s i g n i f i c a n t n o t ~ o n l y  
because the  Biphase r o t a r y  sepa ra to r  t u rb ine  
operated a s  p red ic t ed ,  bu t  a l s o  because a 34% 
performance advantage over a f l a s h  steam 
system was demonstrated. 

4. Wellhead Rotary Separator Turbine The suc- 
c e s s f u l  t e s t s  of t h e  p i l o t  s c a l e  tu rb ine  and 
es t imates  of i t s  impact on generation of com- 
mercial  power from geothermal l e d  t o  t h e  design 
of a wellhead tu rb ine .  This demonstration u n i t  
was designed t o  handle t h e  brine-steam mixture 
from a geothermal w e l l .  
head r o t a r y  sepa ra to r  t u rb ine  w i l l  be c lean  
steam t o  d r ive  a steam tu rb ine ,  e l e c t r i c  power 
from t h e  b r ine  and high pressure  separa ted  
b r ine  f o r  r e i n j e c t i o n .  

Outputs of t h e  well-  

The wellhead r o t a r y  sepa ra to r  t u rb ine  i s  shown 
i n  Figure 1 2 .  The two-phase nozzles (notshowr\) 
generate a high energy brine/steam mixture t h a t  
impinges on t h e  primary sepa ra to r .  The separ- 
a t ed  steam flows t o  a steam tu rb ine .  Thebrine 
r o t a t i n g  with t h e  primary sepa ra to r  i s  used t o  
d r ive  an open U-tube l i q u i d  tu rb ine .  Thebr ine  

leav ing  the  l i q u i d  tu rb ine  i s  co l l ec t ed  on t h e  
secondary sepa ra to r  and repressur ized  by the  
d i f f u s e r  f o r  r e i n j e c t i o n .  A key design f ea tu re  
of t h i s  u n i t  i s  t h a t  r e i n j e c t i o n  pressures  a r e  
provided with no s e a l s  o r  bearings exposed t o  
t h e  br ine .  

I 

Figure  1 2 .  Wellhead Rotary Separator Turbine 

The diameter of t h e  sepa ra to r  i s  4% f e e t .  The 
ma te r i a l  of cons t ruc t ion  is  HY80 carbon s t e e l  
f o r  low t o  moderate temperature resources .  For 
high temperature resources ,  a plasma deposited 
inconel coa t ing  i s  planned. The cas ing  i s  de- 
signed t o  conta in  any fragments i n  the  unlike- 
l y  event of a r o t o r  f a i l u r e .  

The r o t o r  was designed with a f i n i t e  element 
s t r e s s  ana lys i s  t o  provide t h e  g r e a t e s t  margin 
of s a f e t y .  The r e s u l t i n g  geometry h a s a s t r e s s  
l e v e l  which is only 55% of t h e  f r e e  hoop s t r e s s .  

T i l t i n g  pad bearings a r e  used f o r  t h e  primary 
sepa ra to r  and l i q u i d  tu rb ine  s h a f t s .  The 
secondary sepa ra to r  uses conventional journa l  
bear ings .  A conventional lube o i l  system i s  
u t i l i z e d  f o r  l u b r i c a t i o n  and hea t  removal from 
the  bearings.  

The wellhead r o t a r y  sepa ra to r  t u rb ine  was de- 
signed t o  process a b r ine  flow of 200,OO t o  
800,000 Ib/h. A t  t h e  nominal design po in t  of 
450,000 l b / h  a t  475 p s i a  (464OF), t he  l i q u i d  
tu rb ine  power is 1575 kW without t h e  steam 
blad ing  and 2000 kw with  steam blading. In- 
c reas ing  t h e  flow r a t e  t o  the  f u l l  800,000 
l b / h  capac i ty  a t  Brawley, Ca l i fo rn ia  with t h e  
a t t endan t  increase  i n  p re s su re  would produce 
about 4000 kW from t h e  wellhead u n i t  wi th  an 
added 9000 kW a v a i l a b l e  from t h e  separa ted  
steam. 

The r a t i o  of power output  from t h e  wellhead 
u n i t  p l u s  a s i n g l e  steam tu rb ine  t o  t h a t  from 
s i n g l e  s t age  f l a s h  steam system and two s t age  
f l a s h  steam system i s  shown i n  Figure 13. A s  
can be seen, a maximum advantage of 50-60% 
can be r e a l i z e d  compared t o  a s i n g l e  s t age  
f l a s h  steam sy.atem and 10-20% compared t o  t h e  
dual f l a s h  steam system. The performance 
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advantage was ca l cu la t ed  using t h e  performance 
r e l a t i o n s  which were v e r i f i e d  by t h e  f i e l d  
tests (c f  Figure 10). Thus, f o r  example, a 
s i n g l e  s t age  f l a s h  steam p l a n t  designed t o  
opera te  a t  460°F could have i t s  powerincreased 
from 50 MW t o  70 MW by t h e  add i t ion  of s eve ra l  
ro t a ry  sepa ra to r  u n i t s .  The b r ine  leav ing  t h e  
sepa ra to r s  would be a t  f u l l  r e i n j e c t i o n  pres- 
su re  ( e ,g . ,  300 p s i a )  without r e i n j e c t i o n  
pumps - 

Figure 13.  Wellhead Rotary Separator 
Turbine System 

5. Geothermal Power System The r e s u l t s  of 
t h e  f i e l d  t e s t s  were used t o  design a complete 
geothermal power system. This system would 
use the  flow from 2-4 w e l l s  (depending on 
p res su re  and temperature) t o  produce 1 0  MW n e t  
e l e c t r i c a l  power. Rein jec t ion  would be accom- 
p l i shed  by t h e  r o t a r y  sepa ra to r  t u rb ine .  Heat 
r e j e c t i o n  would be by cool ing  towers with 
makeup w a t e r  from t h e  condensate. 

Figure 1 4  i s  a schematic of t h e  10 MW power 
system. This s p e c i f i c  u n i t  was designed t o  
accept t h e  flow from 4 we l l s  wi th  wellhead 
condi t ions  of 341°F b r ine  w i t h a  steam q u a l i t y  
of 8.1%. For these  condi t ions  t h e  n e t  power 
i s  6.2 MW. The flow r a t e  i s  1,800,000 lb/h 
t o t a l  g iv ing  a b r ine  r a t e  of 146.1 lb/kWh. 

The 10 MW system a c t u a l l y  c o n s i s t s  of t w o  
i d e n t i c a l  sk id  mounted 5 MW u n i t s  which can 
be phys ica l ly  separa ted .  
p a r t s  of t h e  10 MW power system a r e  summarized 
i n  Table V I .  Most are off-the-shelf  o r  of 
s tandard  design. The inc rease  i n  power output  
r e s u l t i n g  from t h e  r o t a r y  sepa ra to r  t u rb ine  
and use of s tandard ized  components r e s u l t  i n  
a cost range of about 800 t o  1000 S/kWe. This 
l o w  c a p i t a l  c o s t ,  t h e  s h o r t  cons t ruc t ion  t i m e  
(15 months), and t h e  requirement of on ly  a few 

w e l l s  should combine t o  produce power a t  a 
c o s t  lower than a l a r g e r  system u s i n g t h e  f l a s h  
steam cyc le  o r  b inary  cyc le .  

The major component 

6 .  Conclusions A geothermal r o t a r y  sepa ra to r  
t u rb ine  w a s  designed and t e s t e d  i n  t h e  labora- 
t o r y  and a t  t h r e e  geothermal resources .  The 
experimental r e s u l t s  were i n  s u b s t a n t i a l  

agreement wi th  theory.  The t e s t  t u rb ine  dem- 
ons t r a t ed  34% power add i t ion  t o  t h e  output  
of a s i n g l e  s t age  f l a s h  steam system. In  
add i t ion  t h e  test  u n i t  provided c lean  steam 
f o r  a steam tu rb ine  and high p res su re  b r ine  
f o r  r e i n j e c t i o n .  

These favorable  r e s u l t s  and even g r e a t e r  
performance advantages ca l cu la t ed  f o r  a w e l l -  
head u n i t  l e d  t o  the  design of a 10 MW power 
system incorpora t ing  the  r o t a r y  sepa ra to r  
tu rb ine .  The low c o s t  of t h i s  system ind i -  
c a t e s  a s u b s t a n t i a l m a r k e t  may e x i s t  f o r  
r o t a r y  sepa ra to r  t u rb ines  and t h a t  t h i s  tech- 
nology may acce le ra t e  commercialization of 
t h e  geothermal resource.  
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T a b l e  11. G e o m e t r i c  P a r a m e t e r s  for  T e s t  T u r b i n e  

SEPARATOR LIP, 

W 
I 

(5’1 
h) 

-- 

STAT ION ARY 
DIFFUSE 

SEPARATOR DISC --L 

U TUBE TURBINF 
I 

SEPARATOR SHAFT 

SECONDARY SEPARATOR - 
RADIUSOF PRIMARY SEPARATOR, in.  R, 15 NOZZLE TO SEPARATOR CLEARANCE, in,  C 0.5 

SEPARATOR RIM WIDTH, i n .  W, 3.9 
RADIUS OF SECONDARY SEPARATOR, i n .  R,, 15 
RADIUS OF NOZZLE EXIT, in,  Rn 1.0 SEPARATOR RIM WIDTH, U TUBE SIDE, in,  W,, 1.5 

DIAMETER OF NOZZLE THROAT, i n ,  Dne 1.133 SECONDARY SEPARATOR RIM WIDTH, in.  W,, 0.86 

RADIAL LOCATION OF NOZZLE, i n ,  R n f  13 U TUBE INLET HEIGHT x WIDTH, 

NOZZLE INCLINATION, deg. 0 16 DIFFUSER INLET HEIGHT x WIDTH, in.  

SEPARATOR RIM HEIGHT, 

in, 0.4 x 0.6 
0.4 x 0.5 

in.  Ld 0.5 



w 
I 
a 
W 

COMPONENT 
EFFICIENCY 

POWER 

NET OUTPUT 

Table 111. Design Performance of T e s t  Turbiile 

ril,n 0 0 0 0 14026 2335 786 0 

X 100 100 100 67 0 55 91 81 82 

KW 64 64 64 4 3 1  4 6  2 3 6  - 1 7  1 1  0 9  0 7  

1 = 2 1 5 -  0 0 0 2 0 8  2 0 8  0 7  0 0 7  

65 

DESIGN CONDITIONS 

LABORATORY TESTS 

EAST MESA 

LABORATORY TESTS 

RAFT RIVER 
(WITH EDUCTOR) 

RAFT RIVER 

ROOSEVELT HOT SPRINGS 

LABORATORY TESTS 

Table  I V .  Range of T e s t  Parameters  

SYSTEM INLET (WELLHEAD EOUIVALENT) 

BRINE FLOWRATE. lbm1i 
BRINE PRESSURE, p ~ i a  
BRINE TEMPERATURE. O F  

RST 

POWER OUTPUT. LlOUlD TURBINE, KW 
SEPARATOR SPEED, rpm 
TURBINE SPEED, rpm 
SECODARY SEPARATOR SPEED, rpm 
HOUSING PRESSURE, psia 

SYSTEM OUTLET 

STEAM FLOWRATE. Ibm1r 
STEAM QUALITY. percent 
BRINE PRESSURE, usia 

Table V .  Rotary S e p a r a t o r  Turbine Performance Comparison 

WELLHEAD CONDITIONS 

MINIMUM 

0 7  
12 

254 

0 
900 
600 
309 

1 5  

0 08 
20 55 
17 

MAXIMUM 

13.8 
161 
349 

21 1 
4004 
2074 
993 

159 

1 56 
99 95 

100 

FLOWRATE TEMP PRESS 
LBM/S OF PSlA 

4 7  355 153 
(4 7 312 80 

(NOZZLE INLET CONDITIONS! EFFICIENCY L lOUlD  OUTPUT OUTPUT 
RESOURCE TURBINE SPECIFIC STEAM BRINE CIRCUMSTANCES 

QUAL NOZZ SEP U RST UTIL IZATION POWER POWER OUALITY PRESSURE OFMEASUREMENT 
PERCENT PERCENT FACTOR kW kW/LBM/S PERCENT PSlA MODSIDATEISCAN ~ - ~ - _ _  

5.1 348 133 
15.1 331 105 

6.25 319 150.7 
16.25 313 84 5 

3.28 348 130 
( 3 2 8  312 80 

4 3 8  273 63 2 
14 58 271 44.7 

4.9 273 62 
(4 9 272 45 

4 1  352 138 
14 1 314 83.8 

3 6  348 137 
(361 307 73 

0 
5! 

- l! 
41 

-40 
- 4  

- 3  
4.61 

-23 
- 51 

-22 
- 31 

0 
4 21 

0 
(4.91 
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58 

55 

57 

50 

34 

61 

56 

71 85 40 1.347 28.4 

61 85 30 1.22 20.1 

51 89 30 1.19 14 9 

58 87 29 1.25 1 4 4  

67 87 29 0.76 7 2  

64 88 19 108 3 3  

68 87 36 1.305 20 9 

58 88 29 1 2 5  13.4 

5 4 8  9 9 9  129 

~ 3 94 56 

2 3 8  9 9 9  41 

4 39 - 

~ 1 57 31 

25 0 6 7  97 1 

5 1  99 4 70 

3 7  99 94 

1/12/79 

2/26/79 - 133 
TURBINE 
ALIGNMENT 

5/7/79 4 
NOZZLE 
EXTENSION 

5130179 6 8  

3130179 56 

1019179 99 
DIFFUSER 
REPLACEMENT 
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Table VI. Components of 10 MW Power System 

- 
1 
2 
3 
4 
5 

6 
7 
8 

9 
10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 

COMPONENTS 

ROTARY SEPARATOR TURBINE 
ELECTRICAL GENERATOR 
GEAR TYPE SPEED REDUCER 
STEAM TURBINE 
COMBINED BRINE CASE DRAIN 

AND STEAM DROPOUTTANK 
BRINE HOLDING T A N K  
MAIN BRINE PUMP 
CASE-DRAIN BRINE PUMP 

VACUUM PUMP 
CONDENSER 
CONDENSATE PUMP 
O I L  SUPPLY TANK 
RESERVE O I L  T A N K  
PUMPS I21 
COOLER 
P U R I F I E R  
FLOW CONTROL 
ELECTRICAL 
SYSTEM INSTRUMENTATION 

T A N K  

a1 FIELD 
b)  REMOTE MONITORING 

CODLING TOWER MODULE 16 REQUIRED1 
COOLING WATER CIRCULATION PUMP 
COOLING TOWER LEVEL CONTROL PUMP 22 

MANUFACTURER - M O D E L  NO 

TRANSAMER ICA D E L A V A L  - RST 54 3 
GENERAL ELECTRIC-002-8912 
TRANSAMER ICA-DELAVAL - HG-SPECIAL 
TRANSAMERICA D E L A V A L  - LG-5 
TRANSAMERICA D E L A V A L  

TRANSAMERICA DELAVAL 
WORTHINGTON - GLR18 
WORTHINGTON - D 1011 

NACH 

TRANSAMER ICA-DELAVAL 
TRANSAMERICA-DELAVAL 
TRANSAMERICA D E L A V A L  
F O X  BORO 
FOX BORO -SPEC ZOOIFOX 3 
FOX BORO - SPEC ZOOIFOX 3 

MARLEY - 452 301 
WORTHINGTON - 14LN17A 
WORTHINGTON - D 811 
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COMPUTER SIMULATION OF SCALE FORMATION 

-653-3 

D. L. Lessor and D. K. Kreid 
Battelle-Northwest 
Battelle Boulevard 

Richland, WA 99336 

INTRODUCTION This paper summarizes results of 
recent analyses performed by Battelle-Northwest 
in EPRI project RP 653-3: Computer Simulation 
of Scaling in Geothermal Systems. The results 
reported here are drawn primarily from case 
evaluations performed over the 12 months since 
the preceding EPRI Geothermal Symposium held in 
Monterey in June 1979. 

The present project is a continuation of a pre- 
vious project designated RP 653-1. The ulti- 
mate objective of research performed in this 
project is to develop analytical tools (com- 
puter codes) and the supporting thermophysical 
and chemical data base that can be used to pre- 
dict scaling and corrosion in geothermal power 
generating systems. The primary codes 
developed in the project and the functions of 
each are as follows: 

EQUILIB--provides chemical equilibrium 
computations for a brine as a function of 
thermodynamic state 

FLOSCAL--provides kinetics of deposition 
and corrosion processes for specified 
flow geometry and conditions 

PLANT--provides a steady-state geothermal 
power plant model with provision for 
sca l e  spec i f i ca t ions  a t  key po in t s  

GEOSCALE--an executive routine that calls 
the other codes to generate a time- 
dependent geothermal power plant model 

In addition to the above, a new code entitled 
WELL has been developed for modeling flow in a 
flashing well. WELL was developed by adapting 
and merging well routines developed independ- 
ently in FLOSCAL and PLANT. 

Most of the essential elements of the codes 
developed in the previous project were func- 
tioning satisfactorily at the end of that work. 
However, the codes were at that time essen- 
tially untested and were known to be deficient 
in a,number of ways. It was thus apparent that 
the codes were not yet ready to be released for 
general use by industry. The present project 
was initiated to provide a period of applica- 
tions, testing, and refinement. 

(509) 375-2152 

In addition to the code applications task, 
there have been a number of other activities 
that will ultimately facilitate the use of the 
codes. One of the first tasks undertaken in 
the present work was to prepare a standardized 
Input/Output document (1). The principal 
function of this document is to provide a com- 
plete and organized specification of the data 
required for input by the code operator. In 
addition, the 1/0 document provides a summary 
explanation of the type of output provided. 
This document has been completed and is now 
available for general use in preparation of 
cases for analysis. 

Another aspect of the current work also 
relates to code dissemination. Preliminary 
steps in this direction were taken with the 
presentation of a workshop in November 1979 
held at BNW in Richland. A proceedings of the 
workshop has been prepared ( 2 )  that will be 
published and distributed by EPRI in the near 
future. 

One of the primary tasks that remainsin com- 
pletion of the present project is the com- 
pletion of user manuals for the codes. A 
WELL code manual has been written and is 
being edited and revised. The original 
manuals prepared for EQUILIB and FLOSCAL in 
Rp 653-1 w i l l  be revised and updated to re- 
flect improvements developed in the present 
work and to provide up-dated test cases and 
examples. The completed manuals should be 
available by late 1980 or early 1981. 

RESULTS OF CASE EVALUATIONS The work in the 
present project has been primarily directed at 
application, testing, and refinement of the 
codes by applying them to prediction of scal- 
ing in actual geothermal systems. The work 
has been organized by cases where each case 
represents a specific facility or class of 
test data to be simulated. The cases com- 
pleted, in progress, and planned for comple- 
tion in CY 80 are summarized in Table 1. 
Summaries of the results of the first four 
cases were presented at the 1979 Symposium (3). 
Cases 5-8 are summarized in the present paper. 
The other case analyses were still in progress 
at the time this paper was written. 
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0 
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0 

0 

0 

0 

0 

0 

0 

Heber 2000 hr Heat Exchanger Tests 

Cerro Prieto Flashing Wells 

Kizildere Flashing Flow Tests 

RGI East Mesa Flash Tests 

Power System Equipment Module Tests 

SCE Flash Plant at Heber 

Flashing Flow in Porous Media 

Coury H S Removal System 

BACA Flash Plant, New Mexico 

GLEF Experiments 

2 

Table 1 Summary of Cases Evaluated 

completed, o in progress 

In the process of performing the case evalu- 
ations, the codes and, particularly, the 
data base have evolved somewhat from one case 
to the next, due to improvements made along the 
way. The biggest changes have been in the data 
base. The simulations of the PSEMT and SCE 
plant were done with data derived primarily 
f r o m  the Helqeson-69 data ( 4  ) ,  with a f e w  ad- 
ditions and improvements. The Porous Medium 
Flash and Coury Heat Exchanger simulations were 
performed with a hybrid data base that used 
elements of the Helgeson-69 data and new data 
denoted Helgeson-78 ( 5  ) ,  plus several other 
improvements derived from various sources. It 
is thought that this latter data base is more 
nearly correct; however, there are still some 
apparent anomalies that have not been entirely 
removed. Improvement of the data base is a 
task that will probably never be completely 
finished. 

1. Power System Equipment Module Tests (PSEMT) 
The Power System Equipment Module Test (PSEMT) 
program was a study of heat exchanger perform- 
ance under conditions representative of geo- 
thermal power plant operation. The project was 
sponsored by EPRI. The prime contractor and 
operator of the facility was Colley Enqineers 
and Constructors. The PSEMT facility was lo- 
cated on the site of the 10 MW geothermal power 
plant operated by the Imperial Magma Company at 
the East Mesa geothermal field near Holtville, 
CA . 

Description of the Test Facility 
schematic of the PSEMT facility is given in 
Figure 1. Hot brine was provided from one or 
more of the Magma wells, and the cooled brine 
was returned to the Magma system for reinjec- 
tion. The brine was maintained in liquid phase 
at a13 times. Energy extracted from the brine 
heated the isobutane coolant to above its crit- 
ical point, from which it was subsequently ex- 
panded, condensed, and recycled. The entire 
heat load was rejected to the surroundings in 
a cooling tower. 

A simplified 

During the testing phase the performance of 
the heat exchanger was monitored as a function 
of time. Performance parameters monitored in- 
cluded 

overall and surface heat transfer coef- 
ficients for both brine and hydrocarbon 
sides and 

rates and distribution of scale deposi- 
tion and corrosion. 

Results of the experiments were not available 
for comparison with the computations at the 
time this paper was prepared. 

Brine Characterization Brine property data 
and compositions for the Magma wells were 
established from the results of several sample 
analyses. These included brine samples taken 
by the PSEMT staff and analyzed for aqueous 
concentrations by GHT Laboratories. Samples 
were also taken and analyzed by Battelle. 
These data were combined with that obtained 
by the PSEMT staff to characterize the brine. 
These results are given in the first column of 
Table 2. 

Concentration (moles/kg brine) 

Material 

K+ 

Na.' 
++ 

Ca 

Mg++ 
++ Fe 
+3 Fe 

Si 
+3 

+5 
As 

As 
_- s 

-_ 
s04 

c03 

c1- 

H+ 

"3 

-_ 

H2 ( a )  

- 
B a 0 3  

++ 
Sr 

Table 2 

Sample 

.6691 x 

.1277 

.8882 x 

.2962 

.6924 x 
-- 

.4175 x 

. 5 3 ~  

-- 

.4695 I O - ~  

.8557 x 

.3849 x 10-1 

.1217 

(pH = 5.72) 

-- 
-8560 x 

.8196 x 

.7943 

After Mineral 
Equilibration 

.6691 x 

.1242 

.4636 x 

.2962 

.4166 

.8638 x 

.3482 x 

-5311 

.1558 x 

.4695 x 

.8557 x 

.3807 x 10-1 

.1217 

.7815 x 

.6836 x 

.8559 x 

.8196 x 

Brine Composition Used as Input for 
FLOSCAL Simulations 
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This average brine specification should nor- 
mallybe a suitable starting point for FLOSCAL 
simulation of scale deposition. Unfortunately, 
inaccuracies in the data base frequently result 
in predictions of lower levels of selected 
materials in the brine at saturation than are 
observed experimentally. Hence, using the 
"average" brine would start the flowstream with 
excessive supersaturations that would result in 
excessive precipitations. The following 
EQUILIB sequence was, therefore, run to gen- 
erate a brine compatible with the data base. 

1. Aqueous equilibration of the measured 
brine composition at 37Oc 

2. Raising the sample to reservoir temperature 
(182.2OC) under closed conditions for 
gases, but sulfide/sulfate ratio held 
constant 

3. Mineral equilibration at reservoir 
temperature 

This procedure resulted in precipitation of 
small amounts of calcite and quartz, and a 
large amount of Minnesotaite Fe SI 0 (OH)2 
at 182.2OC. 
possibly at equilibrium with these materials 
at reservoir conditions. The iron concentra- 
tion in solution was reduced by three orders of 
magnitude, indicatkng a probable data base 
input data anomaly. The brine specifications 
that resulted from this procedure and were sub- 
sequently used as input for the FLOSCAL compu- 
tations are summarized in the second column of 
Table 3. 

This indicates thaz t3elgrine was 

Results of the FLOSCAL Simulation A FLOSCAL 
simulation was set up to follow the brine flow 
through the series of six heat exchangers. A 
summary of the important input parameters used 
in the simulations is given in Table 3. The 
assumed brine temperature profile and pressures 
were specified in the input. The pressures 
were arbitrarily specified at values sufficient 
to keep the brine subcooled. 

Assumed Operating Conditions 

Brine Supply Temperature 182.2OC 
Brine Supply Pressure 24.8 Bar 
Brine Flowrate 10.87 kg/sec 
Brine Outlet Temperature 73.9OC 

Assumed Geometry 

No. of H.X. Modules 6 
No. of Tubes/Bundle 62 
Total Tube Length 45.15 m 
Tube Hydraulic Diameter .01575 m 
Flow X. S. Area/Bundle .01276 m2 
Material Carbon Steel 

Table 3 Summary of FLOSCAL Input Parameters 
and Geometry Specifications 

The primary results of the FLOSCAL simulations 
of the PSEMT facility are summarized in Fig- 
ures 2 and 3. Salient results and observa- 
tions drawn from these simulations are as 
follows: 

1. 

2. 

3 .  

4. 

5. 

6. 

Figure 2 shows the minerals predicted to 
exceed saturation as a function of tem- 
perature and location in the heat ex- 
changer. The number of predicted pre- 
cipitates is relatively small. 

In Figure 3 it is shown that corrosion 
as FeS2 was predicted to occur at a cor- 
rosion product formation rate ranging from 
0.1 mm per year at entry to 0.014 mm per 
year at exit. 

The predictions showed that the FeS2 solu- 
bility limits were exceeded in the three 
lower temperature (brine side) heat ex- 
changers. However, the small quantity of 
iron present (due to excessive depletion 
of iron in the EQUILIB initialization 
sequence) and currently used rate con- 
stants resulted in predictions of infini- 
tesimal amounts of FeS2 precipitate. 

The net rate of mineral precipitation was 
negligible compared with the predicted 
accumulation rate of corrosion products. 
The brine quickly dropped below saturation 
with respect to Witherite BaC03, after 
heat exchanger entry. Quartz solubility 
was exceeded, but the amorphous silica 
solubility was not. Slow deposition 
kinetics prevented significant quartz 
deposition. 

The brine was saturated with respect to 
Minnesotaite Fe Si4010(OH) at the inlet 
but rapidly fel? below saturation in the 
heat exchanger. This was probably due at 
least in part to the apparently excessive 
depletion of iron as Fe Si 0 10(OH)2 in the 
EQUILIB sequence. 

Brine pH dropped from 6.1 at the hot end 
to about 5.7 at the low temperature end. 

2 

Conclusions Drawn from the PSEMT Simulation 
A suspected inaccuracy of the data base caused 
anomalous iron l o s s  in equilibration at reser- 
voir conditions. It seems to be important to 
improve on iron equilibrium constants. It is 
of interest whether Minnesotaite is a plaus- 
ible candidate for removal of some of the iron 
in flashing situations. 

The FeS2 precipitation may have been under- 
predicted by the code, due to an excessive 
activation energy and to the small amount of 
iron left in the brine after reservoir equili- 
bration. 
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No evidence was found of precipitation problems 
of any significance from the Magma East Mesa 
brine in binary plants. Corrosion is far more 
important. 

BRIM 
SUPPLY 

k - WRRHUE R k - WRRHUE R 

- 
CWLlNG WAER LOOP 

FIGURF, 1 Schematic of the PSEMT Facility 

MINERALS EXCEEDING SATURATION 
IN THE PSEMT SIMULATION 

NODE 
LOCATION 

A N 0  CONDITIONS 

, 2 , . 6 6 7 8 9 IO 11  12 13 1. 15 18 17 18 19 
NODE NUMBER 

0 IO 20 30 *O 
FLOW DISTANCE (ml 

( 8 0  160 140 120 1w 80 
ERINf TEMPERATURE llcl 

FIGURE 2 Map of Minerals Precipitated by 
PSEMT 

I I I 1 I I 
0 im m m bll 

FLOWSTREAM DISTANCE Iml 

2. SCE Heber Flash Plant Simulations were per- 
formed of a 50 MWe flashed steam geothermal 
power plant that has been proposed by the 
Southern California-Edison Company (SCE) for 
construction at a site near Heber, CA. A sim- 
plified schematic of the facility modeled is 
given in Figure 4. The simulations were per- 
formed using the EQUILIB, WELL and FLOSCAL 
computer codes. 

C 

Two computational sequences were performed to 
simulate potential design and operational 
alternatives to illustrate the effect of vary- 
ing brine quality on scaling in the plant. 
Although the analysis was primarily concerned 
with scale that may be expected in the plant, 
consideration was also given to scaling that 
would occur in the wells and transmission 
lines for the two simulated operating condi- 
tions. 

Description of the Proposed Plant 
geothermal power plant would be a two-stage 
flashed steam design with a net electrical 
output of 50 MW. Brine will be provided by 
Chevron from a number of wells with a nominal 
reservoir temperature of about 182OC. Two- 
phase brine will be provided to the plant with 
a quality of less than 8% at a pressure of 
about 4.1 bar (60 psia). 

The proposed 

The first flash/separator vessel will function 
primarily as a separator with only slight ad- 
ditional pressure drop and flashing. The 
brine extracted from the separator will be 
flashed again to 16 psia in the second flash 
vessel. The steam from the two flash vessels 
will be expanded in two stages in a "conven- 
tional" low pressure turbine generator, con- 
densed, combined with the spent brine from the 
second flash vessel and reinjected. 

Brine Specifications Brine data were not 
available for the specific wells that will be 
used to supply the plant. It was, therefore, 
necessary to hypothesize a model brine which 
could be assumed to be representative of an 
actual Heber brine. For this purpose the 
Nowlin #1 (6) well was selected as being 
"typical" of wells that might be used. Essen- 
tially the same data were used in establishing 
a model brine used in prior simulations of the 
2000 hr heat exchanger tests at Heber. ( 6 )  

The resulting model brine specifications at 
the sample temperature of 25 C are summarized 
in the first column of Table 4. These data 
constitute the starting point for back- 
calculation of the brine to the simulated res- 
ervoir conditions. The significant changes 
that occurred due to mineral equilibration at 
well bottom conditions are summarized in the 
second column of Table 4. The other species 
concentrations were essentially unaltered. 

0 

FIGURE 3 Predicted Corrosion in PSEMT 
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a. Aqueous Species in Solution (Moles/kg Brine) 

Element 

A1 

K 

Na 

Ca 

M9 

Fe 

Mn 

Pb 

Zn 

cu 

Si 

As 

s04 

c03 
c1 

H 

"3 

B03 

F 

Ba 

Sr 

Sb 

(pH) 

Sample 

.259 

.831 x 

.187 

.229 x 10-1 

.E23 x 

.895 x 

.728 

.NO 

.780 

.422 x 10-2 

.280 

.629 x 

.614 x 

.409 x 

.227 

,316 x 

-587 

.lo5 

.313 

-434 

.287 

.740 x 

(5.50) 

b. Brine Gas Analyses 

After Mineral 
Equilibration 

-841 x 

.126 

.436 x 

.lo5 

.253 x 

.345 x 

(5.38) 

Partial Pressure 
- Gas (Bars) 

H2 .0039 

HC1 0 

c02 .579  

s2 0 

O2 0 

H2° .0317 

H2 .0154 
NH 0 3 

Table 4 Heber Brine and Gas Analyses Used 
in Simulation of the SCE Plant 

Computational Sequence 
ical dimensions and other data used in the sim- 
ulations is provided in Table 5 and in Figure 4. 
Flow rates, pipe diameters, and flash vessel 
dimensions were provided by SCE. 
in the plant were not generally specified so 

A summary of the phys- 

Pipe lengths 

Design or Operating 
Parameter Description Metric Units 

Geothermal Wells: 

Reservoir Temperature 182OC 

Number of Wells 

Well Diameter 

Calc. Depth of Flash 

Total Brine Flowrate 

Wellhead Pressure 

Wellhead Quality 

Brine Transmission Pipe: 

Diameter 

Total Length 

Plant Brine Lines 
(2 Parallel Systems): 

Diameter 

Length 

Inlet Pressure 

Inlet Quality 

.46 m 

280 m 
6 3.66 x 10 kq/ 
hr 

5.5 bar 

1.22 m 

164 m 

.91 m 

48 m 

4.1 bar 

First Flash/Separator Vessel: 

Outside Shell Diameter 30.5 m 

Inside Pipe Diameter .81 m 

Overall Length 6 m  

Inlet Pressure 3.86 bar 

Internal Pressure 3.79 bar 

Second Flash Vessel: 

Inlet Pipe Diameter 

Inlet Pipe Length 

Outside Shell Diameter 
Inside Pipe Diameter 

Overall Length 

Inlet Pressure 

Exit Pressure 

.61 m 

32 m 

3.66 m 

1.07 m 

6 m  

3.51 bar 

1.10 bar 

TABLE 5 Summary of Primary Design and 
Operating Specifications for the 
SCE-Heber Geothermal Plant 

that the values chosen were somewhat arbitrary. 

Establishing the brine chemistry at the inlet 
to the plant involved the following steps: 

1) After inserting all species at concentra- 
tions determined from the sample data, 
Table 4, EQUILIB was used to perform a 
charge balance for the brine at 25OC using 
Na' as the charge variable. 
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An equilibrium reservoir chemistry was then 
generated using EQUILIB by requesting min- 
eral equilibrium at reservoir conditions. 

The WELL code was used to establish tem- 
perature, pressure, and quality profiles in 
the well, determining the location of the 
onset of flashing. 

These profiles and reservoir chemistry from 
EQUILIB were used as input to a FLOSCAL 
simulation of the well. This established 
wellhead chemistry and quality for an im- 
posed 80 psia wellhead pressure. 

The pressure was then dropped from 5.5 bar 
(80 psia) to 4.1 bar (60 psia) over 164 m 
(500 ft) of brine collection pipe (48" diam). 
The pressure, temperature, quality, and 
scaling rates were computed in the pipe up 
to the plant inlet. 

The brine chemistry predicted by FLOSCAL 
at the end of the 164 m (500 ft) pipe was 
used as input for simulating fluid con- 
ditions and scaling rates in the actual 
SCE plant piping and flash vessels. 

Flowstream simulations were run using FLOSCAL 
to predict thermal and fluid mechanical con- 
ditions and the rates of mineral scaling and 
corrosion throughout the entire brine flow path 
from the reservoir to the outlet of the second 
flash vessel. 

A simulation was run first of the nominal 
design with flashing wells. The results of 
this simulation indicated very little scale 
would form in the plant. A second simulation 
was then run where it was assumed that the 
wells were pumped to a pressure sufficient to 
deliver the brine to the plant in a compressed 
liquid state. In this case the initial flash- 
ing occurred at the inlet to the first flash/ 
separator vessel where the vessel pressure and 
subsequent conditions were assumed to be the 
same as in the initial simulation. This simu- 
lation was essentially a "worst case" calcula- 
tion of the potential effect of reducing the 
quality of the brine received by the plant by 
reducing the degree of upstream flashing. 

Summary of Results The primary results of the 
simulations are presented in Figures 5 and 6. 
Some observations drawn from these and other 
results of the simulations may be summarized 
as follows. 

For the nominal design conditions 
(Figure 5) flashing was predicted to occur 
in the well with the maximum rate of cal- 
cite deposition (about l mm/wk). 

Additional calcite scaling was predicted 
to occur at a diminishing rate throughout 
the remainder of the well and transmission 

lines, in the first flash vessel (.011 mm/ 
wk) and in the pipe connecting the first 
and second flash vessels (.017 mm/wk). 

No additional calcite scale was predicted 
to occur in the second flash vessel for 
the proposed operating conditions. 

For the second computational sequence 
(Figure 6) the brine was delivered to 
the plant in a compressed state with no 
flashing and, therefore, no calcite scal- 
ing predicted in the wells or transmission 
lines. However, the rate of calcite 
scaling was increased to .18 mm/wk in the 
first flash vessel. 

The scaling rate in the .6 m (24 inch) 
pipe increased to about - 3 2  mm/wk. A s  in 
the first case, calcite scaling was not 
predicted to occur in the second flash 
vessel. 

The predicted rate of scale deposition 
due to the precipitation of other min- 
erals (primarily metal sulfides and 
quartz) was insignificant compared to the 
rate of deposition of calcite. 

Scale formation due to corrosion was pre- 
dicted to occur at low to moderate rates 
throughout the system for both simula- 
tions. At locations preceding the flash, 
the predicted corrosion species was 
pyrite FeS2 whereas, following the onset 
of flashing, the predicted corrosion 
species was magnetite Fe304. The maximum 
predicted rate of corrosion (about .3 mm/ 
yr of steel) occurred in the well immedi- 
ately downstream of the flash. 

Conclusions Drawn from the Heber Plant Simula- 
tion The principal conclusions that can be 
drawn from these simulations may be summarized 
as follows: 

- 

The most serious calcite scaling and cor- 
rosion problems can be expected to occur 
immediately downstream of the initial 
flash, wherever that might be. 

In the first case calcite scaling in the 
first flash vessel was predicted to be 
moderate but probably sufficient to re- 
quire some level of scale mitigation or 
maintenance measures. 

For the second case where initial flash- 
ing occurred in the first vessel, sub- 
stantial scaling can be expected in the 
flashing orifice or valve, in the in- 
terior of the first flash vessel, and in 
the pipe connecting the first to the 
second flash vessel. Substantial scale 
mitigation or maintenance measures would 
probably be required. 
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Based on the predictions, scaling is not 
expected to be a problem in the second 
flash vessel for either operation simu- 
lated. 

Although corrosion was predicted to occur 
throughout the system, the rates were suf- 
ficiently low that no major problems re- 
lated to corrosion should be anticipated. 
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5 . 5 %  VAP 

4 

c) 
GEOTHERMIL COLD URINE CCNMNSAIE CIRCULAIINC 

RESERVOIR RElNJKIlCN PUMPS PUMPS WATER PUMPS 

FIGURE 4 Schematic of the Heber Plant 
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3. Simulation of Scaling Due to Flashing Flow 
in a Porous Medium A simulation was performed 
of an experiment conducted by Republic Geo- 
thermal Inc. (RGI) (7) in which flowing brine 
was flashed in a porous medium due to fric- 
tional pressure drop. The WELL and FLOSCAL 
codes were first used to generate profiles of 
velocity, quality, temperature, and pressure 
through 3.3 cm of sand, through which the 
brine flowed because of a 7 bar pressure drop 
to atmospheric pressure. FLOSCAL then pre- 
dicted calcium carbonate deposition to occur 
in the sand formation, in good agreement with 
experiment. 

Description of the Test Facility The experi- 
mental configuration is shown in Figure 7. 
The porous medium consisted of granular mate- 
rial in a test cartridge with a perforated 
bottom. The pressure in the subcooled liquid 
above the gragular material was maintained at 
8 to 10 kg/cm ( %lo atm) during runs whose 
duration was on the order of 2 to 5 hours. 

The mass deposited was determined from weigh- 
ings of the cartridges before and after the 
runs, and also from the upstream and down- 
stream brine calcium analyses. The distribu- 
tions of CaCO were determined by infusing 
epoxy into the granular media, sectioning, and 
examining under a microscope. 

A number of runs were performed in which size 
of granular material, permeability, roundness, 
composition, uniformity, and run duration were 
varied. The present study simulated a single 
run designated Sand No. 3 Cartridge 13 (3-13). 
This run used sand as the porous medium, with 
a median grain size 0.28 mm and a distribution 
of sizes from 0.14 mm to 0.59 mm. Run dura- 
tion was 3.73 hours, during which 620 kg of 
fluid was transmitted. The granular medium 
was of 3.3 cm extent in the flow direction and 
47.7 cm3 volume, so the avera e cross-sectional 
area was 47.7/3.3 or 14.45 a n 9  and the average 
cup diameter about 4.29 cm. As shown in Fig- 
ure 7, the cup cross-section tapered slightly 
toward its perforated bottom. Stated bed 
porosity was 0.35. 

3 

Brine Characterization Chemical analysis re- 
ports ( 7 )  were supplied by RGI on samples 
cooled without flash from well 56-30. The 
analysis was performed by Vetter Research with 
supplementary measurements of calcium and bi- 
carbonate ion concentrations made by RGI. 

The analyses were also supplemented by analyses 
from J. C. Watson and 0. J. Vetter performed 
under a U . S .  Department of Energy, Division of 
Geothermal Energy Study (8). 

A brine description for input to the EQUILIB 
or FLOSCAL codes was obtained by averaging the 
values reported on the RGI data sheets for 
most variables. The input values are 
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summarized in the first column of Table 6. 

a. Sample and Equilibrated Species Concentra- 
tion (moles/kg Brine) 

Changes 
after Mineral 

Species Sample Equilibration 

K+ .1189 x 

Na .2588 x 10-1 

Ca .1472 x 

Fe 

+ 

.1656 +2 

Si 

S 
-2 

St6 

C 

c1 

Hf 

"3 
F 

B 

Sr 

.132 x 

.215 x loW2 .2385 x 

,1560 

.1874 x 

.1723 x 10-1 

-1509 x 10-1 

.6125 x lov6 

~ 1 3 6  

. ~ Z U  

.4622 .756 

.3839 x 

b. Minerals Precipitated at Reservoir Con- 
ditions (moles/kg Brine) 

, -  

Minerals Amount Rejected 

0.237 x Quartz Si0 

strontianite SrC03 0.207 x 

Goethite HFe02 or 0.1655 x 
FeO (OH) 

2 

Table 6 Brine Description for East Mesa 
Well 56-30 

An EQUILIB run was performed with brine infor- 
mation from Table 6 to generate an equilibrium 
brine at 158.3OC reservoir temperature. Min- 
eral equilibration was requested, with brine 
pH held fixed at 6.48 and redox state calcu- 
lated to be consistent with the input sulfide/ 
sulfate ratio. 

The resulting concentrations of species pre- 
cipitated are given in the second column of 
Table 6. Minerals precipitated in coming to a 
complete equilibrium at reservoir temperature 
were quartz, strontianite, and goethite. The 
strontianite SrCO precipitation reduced the 
strontium content 45% from the input value, 
though the change in the total aqueous carbon 
was negligible. This probably indicates that 
the brine was in equilibrium with strontianite 
in the reservoir. 

3 

In this simulation, as in several others, the 
iron content of the brine at reservoir 

conditions was reduced dramatically by precip- 
itation (in this case, of goethite FeO(0H)). 
This may indicate inaccurate or missing data 
in the data base and/or input data. Although 
these iron concentration considerations are 
important in systems in which iron sulfides, 
silicates, and corrosion are the dominant sur- 
face degradation effects, they are not impor- 
tant for the effects calculated in the present 
porous medium flash simulation. 

The quantity of silica removed due to deposi- 
tion of quartz was insignificant. All other 
species concentrations were essentially un- 
changed. 

Fluid Dynamics and Scaling Simulations To Set 
appropriate boundary conditions for the fluid 
dynamics solution it was reasoned that the 
brine pressure at exit from the granular 
medium cup bottom was either very near atmos- 
pheric, or was at some higher value determined 
by a choked flow condition. The solution pro- 
cedure consisted of iteratively determining an 
"effective" hydraulic diameter that satisfied 
the specified boundary conditions and resulted 
in one or the other of these conditions. 

A two-stage approach was employed in the 
FLOSCAL simulation: 

1. Iteratively determine brine transmission 
characteristics of the porous medium to 
match specified boundary conditions. 

2. Simulate full chemistry deposition kinetics 
in the two-phase region of the flow, using 
the calculated flow distribution from 
Step 1. 

The first stage employed an NaCl brine of total 
molality equivalent to the actual brine. The 
second stage used the "best estimate" repre- 
sentation of the well 56-30 brine and a twenty 
node flowstream representation. A summary of 
the input variables used in the flowstream 
simulation is given in Table 7. 

pH at start 

Pressure at start 

Temperature at start 

Mass flow rate 

Quality at start 

Hydraulic diameter 

Cross sectional flow area 

Roughness parameter 

6.48 

5.953 bars 

158.02OC 

0.04617 kg/sec 

0 

7.6031 x m 
-4 2 5.059 x 10 m 

0 

/-- 

Table 7 FLOSCAL Input for Simulation of Scale 
Deposition Kinetics in the Last l.lcm 
of Granular Medium in RGI Experiment 
Sand #3 Cartridge 13 
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d Figure 8 shows plots of the computed pressure, 
temperature, quality and velocity as a function 
of distance from the entry face for the run 
whose input hydraulic diameter gave the exit 
pressure closest to atmospheric. The onset of 
flash occurred at approximately 2.2 cm into the 
granular medium from the front face or 1.1 cm 
from the rear face. The quality rose to about 
11% at brine exit. The linear velocity rose 
rapidly as the brine quality increased. An 
exit interstitial velocity of about 17 meters/ 
sec is shown, but changing the hydraulic 
diameter slightly can alter this value 
dramatically. 

The sensitivity of calculated exit pressure 
and velocity to hydraulic diameter is shown 
by the following list of cases and results 
with the NaCl brine and the same mass flow 
rate. 

Exit Exit 

(meters ) (bars) (m/sec) 
Hydraullc Diam Pressure Velocity 

7.6031 x 1.0095 17.0 

7.6008 x 0.9397 18.9 

7.5938 x 0.7116 27.0 

A somewhat lower hydraulic diameter will lead 
to sonic exit velocity (%EO m/sec), but an 
exit pressure below atmospheric makes this un- 
physical for this particular experiment. 

The effective hydraulic diameter determined 
in this simulation seems rather small, being 
only 1/30 of the mean particle diameter, 
0.28 mm. It should be noted, however, that 
the stated end points of the size distribu- 
tion of the sand were 0.14 mm and 0.59 nun. 
The smaller particles should wedge between 
larger ones, creating limiting constrictions 
much smaller than the mean particle size. 

The most important scale prediction is that 
of calcium carbonate (labeled calcite), shown 
in Figure 9. The deposition rate is plotted 
in grams of CaCo3 per unit of geometrical 
(rather than pore or particle) volume. The 
peak deposition rate was predicted at about 
0.8 cm ahead of the granular medium exit face, 
compared with 0.3 cm observed. The calculated 
deposition shut off in the last millimeter 
from the exit, as did also the observed de- 
posit. Predicted and observed deposition 
onset were both at about 1.1 cm from the exit 
face. 

A peak deposition rate of 11.7 gm/cm per day 
can be read from Figure 9. Using a density 

3 

of 2.71 qm/cm3 for calcium carbonate, one cal- 
culates that this rate would fill the spaces 
in a 35% porosity medium in 1.95 hours. The 
actual experiment ran 3.73 hours, during which 
the transmissibility of the cartridge dropped 
from 49.3 qm/sec per kg/cm2 pressure difference 
to 16.3 qm/sec per kg/cm2. 
of the pore space had probably filled at the 
plane of peak deposition. 

The total mass deposition predicted by FLOSCAL 
was 7.958 grams of CaCO deposit during the 3 .  3.73 hour run. The experimentally determined 
weight gain of the cartridge was 2.3 grams, while 
the deposit deduced on a chemical basis was 
3.44 grams. 

Thus, a major part 

One additional qualitative aspect of the pre- 
dicted scale deposition phenomena is of interest. 
The calculated calcite and aragonite saturation 
indices predicted that the brine would become 
calcite-supersaturated first, with aragonite 
supersaturation occurring about 0.6 nun later. 
The first deposit observed in the cartridges was 
calcite, followed by a region of predominantly 
aragonite deposition nearer the exit face. The 
physical system shows no return to calcite depo- 
sition as the deposition rate slacks off, con- 
trary to what the calculation predicted. It 
would thus appear that FLOSCAL does not always 
correctly distinguish between aragonite and 
calcite as the CaC03 deposition mineral. 

Conclusions Drawn from the Porous Media Flashing 
Simulation This simulation supports optimism 
for the development of a satisfactory calcium 
carbonate deposition model and predictive capa- 
bility for geothermal brines. The existing 
model was applied in a new Reynolds number 
region, and it functioned tolerably well. In- 
sights for model improvement are accumulating 
from the diverse brine flash cases that have 
been modeled. Three areas for potential im- 
provement on the calcium carbonate deposition 
model are emerging: 

1. 

2. 

3. 

C02 dissolution and vaporization should be 
incorporated into the fluid dynamics calcu- 
lation. This should be done to model forma- 
tion of a C02-rich vapor phase at higher 
pressures than the water saturation pressure 

The molecular and ion transport sub-models 
should be improved in a) Reynolds number 
dependence, and b) representation of entry 
length and other localized flow phenomena. 

The effects of slow conversion between unhy- 
drated CO2 and H2C03 should be taken into 
account. EQUILIB currently treats both 
forms as H2CO3. 
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Figure 7 Schematic of Porous Plug 
Experiment 

4. Upstream H,S Removal System Simulations were 
performed of the upstream H S removal process 
that is being investigated 2y Coury and Associates, 
Inc. for EPRI. Input steam conditions and var- 
iable quantities of H2S, NH3, and CO were used 
in the simulations that are represengative of The 
Geysers field. The effects of redox state and pH 
were also investigated. 
the calculations was the H2S removal efficiency 
as a function of input steam gas content and the 
final condenser quality. 

C 

The primary output of 

Experimental Facility and Tests 
removal process is shown schematically in Fiq- 

The upstream H2S 

ure10. The inlet geothermal steam is mostly con- 
densed on the shell side of a heat exchanger. A 
small fraction of the inlet steam flow, referred 
to as the vent fraction, is withdrawn and sent to 
an auxiliary waste gas treatment facility. The 
condensate is revaporized upon passing through the 
tube side of the heat exchanger, as shown in Fig- 
ure10. The steam contained in the vent gas is, of 
course, lost for useful purposes. 

Experiments are being performed on a prototype 
system at The Geysers geothermal field. However, 
experimental results were not yet available for 
comparison with results of the current simulation. 

Input Description and Model 
performed using EQUILIB in successive equilibra- 
tions with varying quality. To simplify this 
process, a fictitious flowstream comprising six 
flowstream segments was described in FLOSCAL input. 
Temperature and quality were specified at each 
segment. 
fied to be zero, and quantities of H2S, C02 and 
NH present in solution were specified there. At 
the other five nodes, temperature was specified 
at a constant value (35O0F) typical of the entry 
side of the heat exchanger for The Geyser’s field. 
The quality was specified at2, 5, 10, 75 and 98%, 
respectively, at subsequent nodes. The resulting 
equilibrium partitions of H S, NH3, ?nd CO 2 between 
liquid and vapor phases at ghese qualities were then 
calculated by the code. If the condensation/gas 
absorption process may be assumed to approach a true 
equilibrium process and if the resulting vapor can 
be efficiently separated from the condensate, then 
the computed fraction of total sulfur as H2S in the 
vapor phase is the fraction that should be removed. 

The computations were 

The quality at the first node was speci- 

3 0 I 2 
FIWISTREAM OISlANCt l t m l  

Figure 8 Predicted Conditions in 
Flashing Porous Plug 

The reported calculations were made with what is be- 
lieved to be the best available equilibrium data for 
H S solubilities (9 ) .  However, additional calcula- 
tions were also made with data derived from NBS cir- 
cular 500, original source of H S data used in EQUILIB. 

2 

2 

The main series of calculations featured all combina- 
tions of the H S, NH3, and C02 concentrations shown 
in Table 8. T6e assumed temperature for condensation 
was 350°F (177OC). 

0 0 2  0 4  O b  0 8  I O  I ?  
FLOWSTREAM D l S l A N C E  I cml  

Figure 9 Predicted Scale Distribution 
in Porous Plug 

Results of the Simulation Values of the calculated 
fraction of the total sulfur present as vapor phase 
H S (i.e., in the vent gas) are presented in 
Table 9 and in Fiqures 11 and 12 .  From these re- 
sults, it can be seen that the parameter that most 

2 
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Species Concentrations, ppm by mass 

115 230 460 

50 170 300 
H2 

“3 

c02 3000 8000 

Table 8 Concentrations in Total Flow Used in 
the H S Removal System Simulation 2 

affects the H S removal efficiency in this process 
is the condenser quality (or gas vent fraction). 
However, the effect of ammonia on H S removal was 
also found to be significant. 

For condensation of 98% of the incoming gas flow 
(2% vent), the fraction of the total sulfur re- 
maining as vapor phase H S is shown in Table 9 to 2 vary from 68 to 78%. Condensation of 90% of the 
incoming mass flow left 86 to 93% of the total 
sulfur in the vapor phase for rejection to the H S 
treatment plant. The assumed fraction of total 
flow rejected as gas to the cleanup plant was 
thus found to be critical to the H S removal ef- 
ficiency. This is also evident in Figurell. The 
fraction of total flow vented is also crucial to 
the energy penalty inherent in this process. An 
attempt to minimize the energy penalty by mini- 
mizing the amount of rejected gas would result in 
lower H S removal efficiency. Thus, compromise 
operating conditions would have to be found. 

The trends in the H S removal performance with 
NH concentration are shown in Figure 12. Am- 3. monia present tends to reduce H S removal effi- 
ciency. 
depend very strongly on the amount of H S present. 
The presence of CO was found to have relatively 
little effect on tie H ~ S  removal efficiency. 

Some additional observations relevant to the 
findings of this study may be summarized as 
follows: 

2 

2 

2 

2 .  

2 

2 

However, the removal elf iciency does not 

2 

The predicted H S removal fraction was rela- 
tively insensitive to H S concentration in 
the inlet steam. However, the H S removal 
efficiency was found to be sensi?ive to the 
thermodynamic equilibrium relations employed 
for H S liquid/H S gas and H S liquid/HS- 2. 2 liquii. 
present study predict significantly less 
effective H S removal than do values from 
NBS Circular 500. However, calculations 
based on the Circular 500 data were in good 
agreement with those reported by Coury. 

Predicted H S removal efficiency decreased 
with increasing pH of the condensate. This 
occurred largely because increasing the pH 
increased the fraction of HS- in the liquid. 
Ammonia in the liquid increased pH and thus 
reduced H S removal fraction. CO present 
improved A2S  removal very slightly, primarily 
by slightly lowering the pH. The improvement 
in H S removal performance from reducing the 
pH became negligible after the pH dropped 
below about 5. 

2 
2 

Equilibrium relations used in the 

2 

2. 

2 

2 

Conclusions Drawn from the H S Removal System 
Simulation 
H S removal technique were not generally very en- 
couraging. The calculations indicate that 
achievement of an acceptable level of H S removal 
may require excessive vent gas rates an2 the 
accompanying reduction in cycle thermal effi- 
ciency. However, the predicted H S removal effi- 
ciency was shown to be very sensigive to the equi- 
librium data used for H S. In addition, kinetic 
effects that might be relevant to the process were 
not considered. Thus, these results should prob- 
ably be treated as tentative, pending experimental 
verification. 

The results of tze simulation of the 

2 

2 

Vapor Composition Fraction of Total Sulfur in Vapor Phase H2S 
Case ppm by weight 15% 10% 5% 2% 
- co Quality Quality Quality Quality H S  -2- NH -3 No. -2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

50 
170 
300 
50 
170 
300 
50 
170 
300 
50 
170 
300 
50 
170 
300 
50 
170 
300 

115 
115 
115 
230 
230 
230 
460 
460 
460 
115 
115 
115 
230 
230 
230 
460 
460 
460 

300 
300 
300 
3000 
3000 
3000 
3000 
3000 
3000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 
8000 

0.931 
0.906 
0.890 
0.943 
0.924 
0.910 
0.951 
0.936 
0.925 
0.930 
0.911 
0.899 
0.941 
0.925 
0.915 
0.947 
0.934 
0.925 

0.914 
0.885 
0.864 
0.925 
0.900 
0.883 
0.933 
0.912 
0.898 
0.916 
0.893 
0.878 
0.924 
0.905 
0.892 
0.930 
0.914 
0.902 

0.866 
0.826 
0.798 
0.876 
0.840 
0.815 
0.884 
0.854 
0.833 
0.874 
0.845 
0.824 
0.880 
0.853 
0.834 
0.885 
0.861 
0.844 

0.755 
0.702 
0.667 
0.764 
0.716 
0.683 
0.773 
0.732 
0.703 
0.770 
0.732 
0.706 
0.774 
0.739 
0.714 
0.779 
0.746 
0.723 

Table 9 Summary of Results for the H S Removal System Simulation 2 
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Figure 12 Predicted H2S Removal Efficiency 
as a Function of Concentration 
NR3 and H2S 

SUMMARY The results presented in this paper C 
illustrate applications of the EPRI geothermal 
scaling codes to simulation of scaling in 
systems varying widely in physical scale, 
governing phenomena and function. The appli- 
cations and primary findings were as follows: 

1. PSEMT Simulation of a single-phase brine/ 
hydrocarbon heat exchanger. Major scale was 
iron sulfide corrosion with minor amounts of 
other metal sulfides. 

2. Heber Plant Simulation of brine path 
components including wells, collection/trans- 
mission lines, steam separator and flash 
vessel. Major scale was calcite primarily in 
wells and lines. Very little scale was pre- 
dicted to form in the plant for normal oper- 
ating condition. 

3 .  Porous Media Simulation of laboratory 
scale experiments of flashing flow of brine 
in a porous plug made of sand. Predictions of 
calcite scale quantity and location were in 
good agreement with experimental results. 

4. H S Removal System Simulation of a con- 
dense:/reboiler used to extract gases from 
geothermal steam. Predictions showed H S 

removal efficiency to be most dependent on 
vent gas removal rate and to a lesser degree 
on NH content. 

Although very few experimental results were 
available for comparison with the simulations, 
the results were generally plausible and in- 
formative. For the porous media case, agree- 
ment with experiment was considered good. The 
results of the cases evaluated to date give 
confidence that the codes function as intended 
in a wide range of applications, and that the 
results are, in general, qualitatively cor- 
rect. The best quantitative accuracy has 
been obtained for predictions that result 
primarily in calcite scaling. The prediction 
of sulfide scale has been less successful. It 
is suspected that the accuracy of the pre- 
dictions is currently limited by inaccuracies 
or omissions of data in the chemical data base 
A s  the codes are more widely used, the com- 
pleteness and accuracy of the data base will 
doubtless be improved. 
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EPRI NOBILE GEOTHZRMAL CHEMICAL ANALYSIS TRAILER 

CONTRACT NO. RP741-1 

W. S. Eaton, C. L. Nealy and S. Sudar 

Energy Systems Group 
Canoga Park, CA 91304 (213) 341-1000 

Roc kwe 1 1 Inter na t iona 1 

The EPRI Mobile Geothermal Chemical 
Analysis Trailer, fabricated by the 
Energy Systems Group of Rockwell Inter- 
national, is a modern well-equipped 
chemical analysis laboratory. This 
mobile laboratory, sketched in Figure 1, 
has complete capability for sampling of I,L 
geothermal fluids and analysis of brine, :w- 
steam, and noncondensible gases. The 
objective of the laboratory is to pro- 
vide accurate onsite chemical analyses 
in a timely manner that results in pres- 
ervation of the sample integrity and 
the efficient implementation of a test 
program. 

The laboratory is built on a standard 77-JU1-52-6 

40-ft truck trailer bed. The trailer 
chassis has been modified to carry req- Figure 1 Chemical Analysis Trailer - 
uisite gas cylinders, compressor, and EPRI Mobile Geothermal Laboratory 
vacuum pump equipment in undercarriage 
bins, and has been equipped with air- 
ride .shock absorbers to minimize road shown in Figure 2. A list of analyti- 
vibrations. A schematic of the instru- cal instruments and ancillary equip- 
ment and equipment installation layoutis ment is shown in Tables 1 and 2. The 

GLASSWARE RACK 

DEMINERALIZER I 
ATOMIC ABSORPTION 
SPECTROPHOTOMETER 

\ 

AIR COMPRESS0 ACETYLENE 
ACETYLENE REF 

77 JY21 52-230 

Figure 2 EPRI Mobile Geothermal Laboratory - Side View 
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d 
TABLE 1 

MAJOR ANALYTICAL CHENISTRY EQUIPMENT FOR CHEMICAL ATTALYSIS 

Equipment 

Atomic Absorption Spectrophotometer 

Uv-Visible Spectrophotometer 

Coulometric Chloride Meter 
Automatic Titrating System 

Dissolved Oxygen Meter 
Gas Chromatographic System 

pH, Specific Ion Meter 

Fluid Sampling System 

Test Capability 

Analysis of the Cation Species: AI, AS, 
Ag, Ba, B, Ca, Co, Cr, Cu, Fe, Hg, K, Li, 
Mg, Mn, Mol Na, Nil Pb, Si, Ti, VI Zn 
Colorimetric Analysis : 
I-, s= 
Chloride Ion Measurement 
Analysis of Total Alkalinity, Carbonate- 
Bicarbonate 
Measurement of Dissolved Oxygen 
Analysis of Noncondensible Gases: C02, 
02, H2, HzS, N2, S02, CH4, Hydrocarbons 
Measurement of pH and Redox Potentials; 
Specific Ion F-, N H ~  
Sampling Noncondensible Gases, Steam and 
Geothermal Brine 

NH: , Br , F- , 

TABLE 2 
MAJOR ANALYTICAL CHEMISTRY EQUIPMENT REQUIRED FOR 

PHYSICAL PROPERTY MEASUREMENT 

Equipment 

Balances 
Analytical - 200 g * 0.2 mg 

Top Loading Electronic - 
-3000 9 f 0.1 g 

Turbidimeter 
Conductance Meter 

Drying Oven 

Stereomicroscope 

cation, anion, and gaseous spec5es that 
can be analyzed are shown in Table 3. 

Figures 3a through 3d are photographs 
of the completed laboratory. 

After completion of fabrication, all 
systems, electrical, plumbing, fire 
alarm, etc., were inspected and opera- 
tionally checked. In addition, the in- 
strumentation and the analytical meth- 
ods were checked and calibrated. The 
final test of the trailer was a field 
demonstration test. This field test 
was necessary to demonstrate that the 

Test Capability 

Weighing for Chemical Analysis and 
corrosion samples requiring accurate 
results on small samples 
Weighing of large samples and quick 
rough weighings 
Determination of turbidity 
Conductance measurements on liquid 
samples for correlation to total dis- 
solved solids content 
For moisture content, total dissolved 
solids 
Microscopic examination of samples 

TABLE 3 
GEOTHERMAL FLUID CHEMICAL SPECIES 

ANALYTICAL CAPABILITIES 

A. Analysis of the Cation Species: 
All As, Ag, Ba, B, Ca, Co, Cr, Cu, 
Fe, Hg, K, Li, Mg, Mn, Mol Na, Nil 
Pb, Si, Sn, Ti, V I  Zn, NHi 

B. Analysis of Anion Species: 
Br, C1, HC03, C03, F ,  I, S I  SO4 

C. Analysis of Noncondensible Gases: 
CO2, 02, H2, H2S, N2, SO2, CH4, 
NH,, HC's 
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a. Exterior b. Auxiliary Equipment - Gas 
Cylinder Storage Area 

c. Interior - Lab and 
Office Areas 

/-- 

d. AAS Unit and Other 
Instruments 

Figure 3 EPRI Chemical Analysis Trailer 
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mobile laboratory could be packed up, 
transported, set up, and placed back 
into operation. It provided a test o f  
the instruments' shock mounting, the 
trailer's air-ride suspension, glassware 
and reagent packing, etc., i.e., a test 
of the general transportability of the 
entire system. Although the Fluid Sam- 
pling System (FSS) had been flow and 
leak checked, it was important to test 
the unit under the temperature, pres- 
sure, and scaling conditions of an 
actual geothermal well. More khan a 
capabilities demonstration, the field 
test allowed otherwise hidden or un- 
foreseen problems to be detected and 
corrected. 

The field demonstration test was con- 
ducted at the U.S. Department o f  Energy 
Geothermal Test Facility at East Mesa, 
California which is located ~ 2 5 0  miles 
from the fabrication site. None of the 
equipment was damaged in transit. The 
only major problem encountered was a 
clogged valve in the gas chromatograph 
which prevented analysis of the noncon- 
densible gas. This problem was found 
by the supplier to be a manufacturing 
defect. 

Samples were taken from Well 8-1 using 
the fluid sampling system provided with 
the trailer. The Fluid Sampling System 
(FSS) shown schematically in Figure 4 
is a lightweight portable system which 
does not require electric power or run- 
ning water. It may be used to collect 
samples by reducing pressure and tem- 
perature in either order. 

Figure 5 is a photograph of the FSS con- 
nected to the well. The properties of 
the well obtained with the FSS are given 
in Table 4. Chemical analyses results 
of the flashed brine are given in 
Table 5. 

BOILING WATER 
CONDENSER OR 

FLASHED ICE-WATER NC GAS 
STEAM 7 COOLING BATH AIR  SAMPLE 

\ CONDENSER 
FLASH 
SEPARATOR 

GEOTHE 
FLUID 

/ tc;m Y E P A R A T O R  STABILIZE ' CO? 
4 STABILIZE H2; 

. 
ICE-WATER 4 \ 
D~LUTED ICE-WATER B R I N E  LIQUID 

BRINE COOLING SAMPLE 
SAMPLE BATH BO-JU4-12-3A 

Figure 4 Fluid Sampling System 

Figure 5 Photograph of Fluid 
Sampling System 

TABLE 4 
EAST MESA WELL 8-1 BRINE PROPERTIES 

Temperature (OF) 
Initial 
After throttling 

Initial 
After throttling 

Flow (lb/h) 
Brine 
Condensate (steam 

Pressure (psia) 

NCG (Mole 70) 
Steam Fraction 

T.D.S. t 
Enthalpy (Btu/lb) 
Brine at wellhead 
conditions 
Calculated from 
flashed brine and 
condensate 
enthalpies 

*Unstable flows. 

Date 
-25-80* 

320 
226 

323 
20 

46.9 
3.58 
0. 04 

7 . 1 %  
3884 

290 

2 6 3  

4-27-80 

319 
235 

323 
24 

39.7 
3.05 
0. 04 

7 . 1 %  
3846 

2 9 0  

2 70 

+Calculated from TDS values of flashed 
brine and condensate. 

A comparison of results on the brine 
with that obtained by the site operator 
(h'estec Services, Inc.) is given in 
Table 6 .  

The two brine samples were collected in 
a similar manner by reduction of the 
temperature to ambient followed by re- 
duction of the pressure to atmospheric. 
A comparison of the results shows that 

3-81 



TABLE 5 

WELL 8 - 1 ,  COMPOSITION OF FLASHED BRINE 

Analyte 

PH 
Conductivity 
(umho/cm) 

NH3 (mg/liter) 
Eh (mV) 
TDS (mg/liter) 
C02 (mg/liter) 
C1- (mg/ 1 iter 
SO, (mg/liter) 
B (mg/liter) 
Ba (mg/liter) 
Ca (mg/liter) 
F- (mg/liter) 
Fe (mg/liter) 
K (mg/liter) 

Li (mg/liter) 
Mg (mg/liter) 
Na (mg/liter) 
s= (mg/ 1 iter 
si (mg/liter) 
Sr (mg/liter) 

- 

AS 
Collected 

8 . 9 1  

6 7 5 0  

2 . 0  

2 8 4  

4 1 8 2  

2 6 1  

1 9 9 0  

2 . 1  

5 

0 . 0 2 5  

4 . 2 4  

3 . 9 5  

0 . 0 2 5  

104 

4 .0  

0 . 6 5 5  

1 4 3 9  

0 . 0 3 7  

1 0 5  

0 .9  

Corrected for 
Steam Loss 

6 2 3 7  

1 . 8  

3 8 6 4  

1 8 3 8  

1 . 9  

4 . 6  

0 . 0 2  

3 . 9  

3 . 6  

0 . 0 2  

97 
3 . 7  

0 . 6 1  

1 3 3 0  

0 . 0 3 4  

9 7  

0 .8  

the agreement is quite good. On an 
individual basis, noticeable differ- 
ences were observed in: (1) pH which 
is probably due to C 0 2  solubility and 
sample variation, ( 2 )  boron and iron 
which are probably due to sample varia- 
tions and analytical uncertainty, and 
( 3 )  silicon and strontium which are 
probably due to sample variations and 
solubility variations. 

TABLE 6 

EAST MESA WELL 8 - 1  COMPARISON OF 
BRINE ANALYSES 

Date of Sampling 
Sample Temperature 
Sample Pressure 

PH/OC 
Conductivity 
(umho/cm) 
C1- (mg/liter) 
B (mg/liter) 
Ca (mg/liter) 
F- (mg/liter) 
Fe (mg/liter) 
K (mg/liter) 
Li (mg/liter) 
Na (mg/liter) 

Si (mg/liter) 
Sr (mg/liter) 

Roc kwe 11 

4 - 2 7 - 8 0  

2 5OC 

1 atm 
6 . 0 1 / 2 5  

6 4 0 0  

1 8 1 2  

6 

2 2 . 5  

3 . 6  

0 . 3 7  

9 5  

3 . 7  

1 3 1 4  

9 3  

2 . 0  

Site 
Operator 

4 - 3 0 - 8 0  

2 0% 

1 atm 
5 . 8 7 / 2 2 . 8  

6 4 7 0  

1 8 7 5  

4 . 1 0  

2 1  

3 . 9 3  

0 . 4 7  

9 5  

3 . 9 4  

1 3 2 0  

1 0 5  

2 . 8 8  

In general, considering sample varia- 
tions, the results are in very good 
agreement. 

In conclusion, the EPRI Mobile Geo- 
kherrilal Chemical Analysis Trailer has 
demonstrated that it can be moved to 
different sites without major problems 
and provide rapidlaccurate analyses on 
geothermal fluids. 

For information concerning use of the 
trailer, contact Mrs. Meredith Angwin, 
Project Manager, Electric Power 
Research Institute, 3 4 1 2  Hillview 
Avenue, Palo Alto, California 9 4 3 0 4 .  
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J .  R .  Rid9way, J r .  
Houston L i g h t i n g  & Power Co. 

Post  O f f i c e  Box 1700 
Houston, Texas 77001 (71 3)  481 -7597 

The Department o f  Energy i s  a c t i v e l y  e x p l o r -  
i n g  t h e  use o f  geopressured, geothermal r e -  
sources as an a l t e r n a t i v e  source o f  n a t u r a l  
gas and energy f o r  power genera t i on .  Bands 
o f  t h i s  resource  a r e  l o c a t e d  a long  t h e  
Texas-Louis iana g u l f  coas t .  

A resource  assessment o f  these " f a i r w a y s "  
has been made and r e v e a l s  t h a t  o n l y  some o f  
them show p o t e n t i a l  promise. The major  un- 
knowns a r e  t h e  number, s i z e  and p r o p e r t i e s  
of t h e  r e s e r v o i r s ,  and how they  a r e  
f a u l t e d  ( i  .e .  how much cont inuous medium 
t h e r e  i s  between f a u l t s  ) .  

T h i s  GP/GT resource  i s  l o c a t e d  a t  depths i n  
excess o f  12000 ft. under ex t reme ly  h i g h  
p ressu re .  The wa te r  may c o n t a i n  as much as 
50 s tandard  c u b i c  f e e t  o f  d i s s o l v e d  gas pe r  
b a r r e l  o f  f l u i d  and have a temperature o f  
300 - 3500 F .  

The proposed method t o  use t h i s  resource i s  
t o  reduce t h e  p ressu re  through a t u r b i n e  - 
g e n e r a t i n g  power, s t r i p  o f f  t h e  gas as i t  
comes o u t  o f  s o l u t i o n ,  and f l a s h  t h e  h o t  
water  i n t o  steam f o r  f u r t h e r  power genera- 
t i o n .  
pressure,  gas and h e a t  - a r e  about  equal i n  
energy con ten t .  I f  t h e  wa te r  were pure,  we 
c o u l d  then  use i t  f o r  i r r i g a t i o n .  
f o r t u n a t e l y  i t  i s  s a l t i e r  than sea wa te r .  
D isposal  becomes a problem. 

There a r e  two p o s s i b l e  methods o f  d i sposa l  - 
i n j e c t i o n  i n t o  a sha l l ow  r e s e r v o i r  and i n -  
j e c t i o n  i n t o  t h e  same r e s e r v o i r .  The f i r s t  
r e q u i r e s  1 ess energy, t h e  second he1 ps 
m a i n t a i n  r e s e r v o i r  p ressu re  and increases 
o v e r a l l  t o t a l  p roduc t .  

One w e l l ,  P leasan t  Bayou #2, has been 
d r i l l e d  and completed by t h e  Department o f  
Energy i n  coopera t i on  w i t h  t h e  Center f o r  
Energy S tud ies ,  U n i v e r s i t y  o f  Texas a t  
A u s t i n .  T h i s  w e l l ,  i n  A u s t i n  Bayou p ros -  

These t h r e e  sources o f  energy - 

Un- 

p e c t  o f  t h e  F r i o  f a i r w a y , i s  l o c a t e d  i n  
B r a z o r i a  County, Texas,and reaches a depth 
of some 16,50C f e e t .  P leasan t  Bayou #l 
was completed as a d i sposa l  b ie l l  a f t e r  
d r i l l i n g  d i f f i c u l t i e s  made i t s  use as a 
p r o d u c t i o n  w e l l  imposs ib le .  A l though t h e  
comprehensive t e s t i n g  program has o n l y  been 
s t a r t e d ,  p r e l i m i n a r y  t e s t s  have been d i s -  
couraging.  F l u i d  temperatures a r e  below 
300 F and s a l i n i t y  of t h e  b r i n e  i s  h i g h e r  
than  a n t i c i p a t e d .  The h i g h e r  s a l i n i t y  
(131,000 ppm TDS, i n s t e a d  o f  t h e  85,000 ppm 
expected)  has a l ower  s o l u b i l i t y  l e v e l  f o r  
t h e  d i s s o l v e d  methane and thus produced 
about  25 s c f  pe r  b a r r e l  o f  f l u i d .  F o r t y  t o  
50 s c f  p e r  b a r r e l  was expected.  Only about  
85% o f  t h e  d i s s o l v e d  gas was a c t u a l l y  
methane, t h e  balance be ing  C02 and o t h e r  
i n e r t s  . 

Based on these p r e l i m i n a r y  r e s u l t s ,  an eco- 
nomic a n a l y s i s  o f  t h e  investment ,  o p e r a t i n g  
and maintenance c o s t s  and t h e  revenue t o  be 
gained has been made. The r e s u l t s  i n d i c a t e  
t h a t  t h e  GP/GT resource i s  n o t  a p t  t o  be a 
v i a b l e  means o f  p roduc ing  power d i r e c t l y .  
T h i s  i s  f o r  two reasons. The d i spe rsed  
n a t u r e  o f  t h e  resource,  i . e .  c o l l e c t i n g  t h e  
o u t p u t  f rom seve ra l  w e l l s  t o  have s u f f i c i e n t  
f low,  l i m i t s  t h e  s i z e  o f  g e n e r a t i n g  p l a n t s  
t o  no more than  20 MU. The d i sposa l  prob-  
l e m  may r e q u i r e  a l l  t h e  temperature and 
p ressu re  energy o f  t h e  source. T h i s  r e s u l t s  
i n  t h e  source be ing  o n l y  a n e t  gas producer .  

Here t h e  economics a r e  n o t  good. The p r i c e  
o f  n a t u r a l  gas would have t o  r i s e  above t h e  
e q u i v a l e n t  w o r l d  p r i c e  o f  crude o i l  (about  
$5.00 p e r  HCF p r e s e n t l y )  b e f o r e  t h e  r e t u r n  
on i nves tmen t  becomes reasonable,  even 
w i t h  o p t i m i s t i c  assumptions. 

A l though i t  i s  t o o  e a r l y  t o  draw f i r m  con- 
c l u s i o n s ,  i t  does appear t h a t  t h i s  p o t e n t i a l  
resource  i s  s m a l l e r  t han  hoped f o r  and t h a t  
i t  w i l l  n o t  t e  a ma jo r  source o f  energy f o r  
t h e  G u l f  Coast. 
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GEOTHERMAL DEVELOPMENTS AT SAN DIEGO GAS & ELECTRIC 

Contract No. DE-AC03-76ET28443 

George Anastas and Gregory J. Hoaglin 
San Diego Gas & Electric 

P.O. Box 1831 
San Diego, CA 92112 (714) 235-7733 

History of SDG&E Geothermal Involvement Up to 
*Present In 1972, the first well flow tests 
were conducted by NARC0 and Magma Power to 
determine reservoir characteristics such as 
mass flow, temperature, stability, and mineral 
content of geothermal brine from the explora- 
tion wells. The results of these tests were 
encouraging. Brine temperatures were relativ- 
ely hot, and salinity was less than previously 
experienced. Results were sufficient to just- 
ify further testing of the process design to 
determine an appropriate energy conversion 
cycle for a power plant. Both the flash cycle 
and binary cycle were considered. In the bi- 
nary cycle, geothermal heat is transferred from 
hot brine to a secondary working fluid by means 
of heat exchangers. The heated secondary fluid 
expands to drive a turbine-generator. The 
flash cycle was rejected because the high 
measured noncondensible gas content of the 
brines seriously reduced the cycle efficiency. 
The reduced salinity was expected to result in 
reduced scaling characteristics. For these 
reasons the binary cycle was selected for ini- 
tial design and field testing. 

In 1973, a series of field tests was conducted 
to support the design of the binary conversion 
cycle. Unfortunately, a rapid decline in heat 
exchanger performance resulting from scaling 
demonstrated a need to reevaluate the cycle 
design. A flash/binary process was chosen as 
the basis for facility design modifications and 
additional field testing. Design modifications 
were to use as much of the original design as 
possible in order to minimize cost. 

In March of 1974, SDG&E resumed field testing 
at Niland using reduced size models of the new 
flash/binary design. The 1974 test program 
confirmed the decision to modify the design, 
construction, and operation of the GLEF in a 
four-stage, flash/binary cycle configuration. 

In May of 1975, the design was completed and 
construction of the GLEF began. Startup oper- 
ations were initiated and in June 1976 the 
facility was dedicated. 

In,the fall of 1976 while debugging and initial 
operation was being accomplished, a test pro- 
gram was developed to provide additional basic 
information necessary for the design of a com- 
mercial flash/binary geothermal plant. The 

primary objective of the program was to develop 
binary heat exchanger heat design data under a 
variety of conditions. 

Several tests from the 1976-77 test program were 
attempted during this time period. Unexpected 
operational problems and data primarily related 
to heavy scaling in the brine system, process 
oscillations, supply problems with one of the 
wells (Woosley No. 11, low noncondensible gas 
content, led to many aborted tests. Testing 
and operational data, however, were collected 
and many problems resolved. Analysis and re- 
view indicated a major reevaluation of the 
project was required. 

By the fall of 1977, a major reexamination of 
the cycle and the test program was initiated. 
The Bechtel/Holt feasibility study was initiated 
to reconsider the energy conversion process and 
to recommend further activities, if required. 
The study was completed in early 1978, conclud- 
ing that a two-stage, flash cycle process as 
the most appropriate cycle for the commercial 
development at the Niland KGRA. Modification 
of only the brine system at the GLEF was rec- 
ommended in conjunction with further operation 
and testing. Consequently, in April 1978, the 
GLEF was shut down and the brine portion of the 
plant was converted to a double-flash system. 
The GLEF began operation in the two-stage flash 
cycle configuration in July 1978. During the 
spring of 1979, the GLEF was shut down again, 
this time to install a brine effluent treatment 
system. During the summer of 1979, installation 
was completed and the GLEF was shut down perman- 
ently. During this period of two-stage flash 
operation, a test plan was pursued which in- 
cluded the testing of an effluent brine treat- 
ment system (clarifier filter). The generally 
successful operation of the clarifier/filter 
was the last major testing program conducted at 
the GLEF site; however, side stream testing and 
other activities continued into 1980. 

/- 

The other activities known as “Commercial Risk 
Reduction Activities” were devised to quantify 
major uncertainties impeding construction and 
development of commercial-scale geothermal 
power plants. 

Within the broad classification of uncertainty 
are key subelements which have been identified 
as the major sources of geothermal commercial 
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risk. They include unscheduled power plant 
outages, unpredictable reservoir performance, 
and lack of water supply assurances. The Com- 
mercial Risk Reduction Activities address the 
technical, environmental, and institutional un- 
certainties associated with each of the follow- 
ing development concerns: 

e 

e Loss of cooling water supply 

e Seismic destruction 

e Uncontrolled subsidence 

e Prohibitive plant reliability and 

Major permit cancellation of disapproval 

availability 

e Unfavorable rate treatment from Public 
Utility Commission 

e Excessive and uncontrollable corrosion 
and scaling 

e Reservoir behavior 

The Commercial Risk Reduction Activities cur- 
rently consists of the following actions. The 
level of effort on each activity is a measure 
of its anticipated economic impact on a power 
plant project. 

Cooling Water Rights Acquisition and Source 
Evaluation - The principal purpose of this 
activity is to obtain long-term supplies of 
geothermal power plant consumptive water 
supplies. 

Salton Sea Injection Feasibility - A deci- 
sion has been made to defer this activity 
indefinitely. 

Component Development - This activity con- 
centrates on further development of com- 
ponent designs critical to plant operability 
and efficiency. 

Solid Waste Disposal - The goal of this 
activity is to expedite the development of 
a site in Imperial County to accommodate 
the wastes generated during geothermal 
operations. 

Airborne Effluents Assessment - A bio- 
environmental assessment program is being 
developed to study the potential impacts of 
cooling tower drift and noncondensible 
gases. 

Economic/Risk Assessment of Geothermal 
Development - This activity combines the 
above Commercial Risk Reduction Activities 
with other elements of uncertainty to form 
a quantitative assessment of geothermal 
development risks to SDG&E. 

Work is underway at SDG&E to determine the 
engineering risk and benefits from commercial- 
sized geothermal power plants at Imperial Valley 
reservoirs. The information obtained from 
these studies will complement earlier work 

directed to identifying the sensitivity of 
selective geothermal plant parameters on bus- 
bar costs. Capacity factor, a measure of total 
plant reliability, has been shown to have the 
greatest impact on busbar costs. 

SDG&E has also established a Geothermal Inter- 
divisional Program to bring all company entities 
involved in various capacities in geothermal to- 
gether in a team effort. It has identified goals 
and objectives for geothermal activities in 1980. 
These activities are supporting the goal of de- 
veloping at least one commercial sized plant at 
each major anomoly (Niland, East Mesa, and 
Heber), in order to obtain necessary cost and 
operating information to assess the risks of 
future development. 

In a measure to reach these goals SDG&E has 
stationed an engineer at the Magma East Mesa 
10 MW facility as an observor and for tech- 
nology exchange. This facility has been in 
the startup phase of operation since early 
this year. 
technology such as this (leaking heat exchanger 
tubes, general equipment debugging, and turbine 
damage from metal fragments from a broken 
strainer upstream) have hindered both full and 
continuous loading of the unit. 

However, problems typical of a new 

Summary and Future Plans The GLEF produced a 
copious amount of data. These data were not 
always what was expected, and required a flex- 
ible approach for reduction and interpretation. 
Process design began with a binary cycle which 
was modified into a flash/binary cycle and 
eventually converted into a dual-flash cycle 
with brine effluent treatment. Construction 
activities were required to quickly adapt 
available equipment, not specifically designed 
for geothermal applications, to site conditions. 
Operational plans changed from a simple long- 
term pilot plant approach into an optimistic 
test plant to develop additional detailed 
process design data from the facility, but was 
finally limited to obtaining data to reduce 
critical uncertainties and r i s k  areas. Each 
of the basic phases (design, construction, and 
operation) of the project for each process 
design (binary, four-stage flash/binary, two- 
stage flash, and the addition of a reactor 
clarifier media filter system) will be ad- 
dressed separately in this discussion. 

"Geothermal energy offers an interesting al- 
ternative to oil-fired electric generation. 
During the late 1 9 8 0 ' ~ ~  if the cost of oil con- 
tinues to rise as it has in recent years, there 
is a potential for geothermal energy to become 
more economical than oil. Geothermal energy 
constitutes a significant new resource option 
that could broaden the company's total gener- 
ation mix. "1 

1 "Geothermal Could Be An Alternative to Fuel 
Oil," 1979 Annual Report, SDG&E, p. 10. 
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Accordingly, SDG&E plans are focused upon energy to produce electricity. The analysis 
collecting, collating, and evaluating all data that will take place in the future will attempt 
from the pilot plant activities not only in 
the Imperial Valley, but throughout the world 
as well. AS discussed earlier in this paper, 
there are a number of perceived uncertainties 
with regard to the utilization of geothermal 

to quantify these uncertainties as well as 
develop programs to reduce them. 
we hope to be able to reduce a major impediment 
to the utilization of this resource. 

By doing so, 
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SMUDGEO #1 
SACRAMENTO MUNICIPAL UTILITY DISTRICT 

FIRST GEOTHERMAL UNIT 

r 

A. INTRODUCTION 

This description of the SMUDGEO #1 geothermal 
power plant of the Sacramento Municipal Util- 
ity District (SMUD) and its associated well 
field development has been prepared to acquaint 
persons with the project. 

1. 

2. 

By: 
Lee R. Keilman 

Sacramento Municipal Utility District 
6201 S Street 

Sacramento, CA 95813 

B. STEAM WELL FIELD 

Site Location 

The SMUDGEO #1 plant site is located nine 
miles northwest of Middletown, California, 
on the eastern edge of Sonoma County in the 
area known as the Geysers. Access to the 
plant site is via Highway 175 northwest out 
of Middletown to the Old Socrates Mine 
Road. Follow Socrates Mine Road then turn 
north on the fire road just west of Geysers 
Unit 13. Santa Rosa is the nearest major 
community, located about 24 miles south of 
the site. 

Aminoil Leasehold 

The steam field leasehold covers 396 acres 
of steep hills with elevations ranging from 
2700 to 3800 feet. This leasehold is in 
the southeastern part of the Known Geother- 
mal Resource Area (KGRA). Estimates of 
electrical resources from this area range 
from 2000 to 2600 megawatts. 

Both the surface and sub-surface (mineral) 
rights of the 396 acres are owned by the 
federal government. These rights are ad- 
ministered by the Bureau of Land Management 
(BLM), the surface manager, and the U. S. 
Geological Survey (USGS), the sub-surface 
manager. 

Geothermal resources like the Geysers are 
found in areas where the hot molten rock 
from the center of the earth has been 
thrust upward through recent volcanic ac- 
tions. Water contained in permeable rock 
formations near such heat sources becomes 
heated, rises up to the surface, and ap- 
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pears as hot springs, fumaroles (steam 
vents), or geysers. 

3. Steam Wells 

To utilize this underground source of geo- 
thermal heat energy, deep wells ranging 
from 7000 to 9000 feet deep must be 
drilled. These wells are drilled in the 
same manner and with the same drill rigs 
as oil and natural gas wells. 
steel well casings are installed to depths 
of 4000 to 5000 feet and sealed with con- 
crete. 

Carbon 

Drilling a well takes from 2 to 3 months 
and costs from 2 to 2.5 million dollars. 
Below the casing levels, well bores are 
allowed to drift along the natural frac- 
tures in the rock formations. Bottom hole 
positions can be several hundred feet from 
the well pad. 
150,000 pounds per hour.of steam at 115 
PSIA with 10°F of superheat. 
enough steam to produce 7 to 8 megawatts. 
There are two wells completed on the 
leasehold. Well CA 1862-3 is 7975 feet 
deep and produces 80,000 pounds per hour 
of steam. Well CA 1862-4, which was com- 
pleted this month to a depth of 8357 feet, 
has not yet been flow tested; however, 
early indications on this well are that it 
will only flow from 70,000 to 90,000 
pounds per hour. An additional well will 
be completed before the fall rainy season 
and hopefully be more productive. 

It is anticipated that it will take up to 
eight or nine production wells and one in- 
jection well to run the District's nominal 
55 MW plant. 

Geyser wells average about 

This is 

4. Steam Gathering System 

Each well is equipped with several shutoff 
and vent valves, a rock catcher, and dust 
separator.Aminoi1 proposes to use five well 
pad sites to develop the 396 acres. Typi- 
cal rule of thumb for Geysers development 

I 
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is to drill a well every 40 acres. 

Multiple wells will be headered together 
at the well pads and then routed in the 
most economical way with a minimum envi- 
ronmental impact. 
to the plant site fence line in a 36" di- 
ameter insulated carbon steel pipeline. 

Steam will be delivered 

5. Contract with Aminoil 

SMUD has a steam supply contract with 
Aminoil which requires them to deliver 
1,100,000 pounds per hour of steam at 115 
PSIA to the plant site fence line. The 
present 1980 cost of this steam is $1.00 
per thousand pounds, or at full load on 
the plant SMUD would be paying $1100 per 
hour. This is equivalent to an energy 
cost of about 7 million dollars per year. 

Along with the steam comes hydrogen sul- 
fide gas, which smells like rotten eggs 
and can have a harmful effect on humans. 
The Aminoil contract requires that the H2S 
in the steam be limited to 200 PPM. 

C. PLANT LAYOUT, COST, AND SCHEDULE 

1. Site Layout 

The power plant site is located in the 
northwest corner of the Aminoil 7 West 
Leasehold. This location is dictated by 
the steep and rugged nature of the terrain 
Approximately six acres will be leveled 
for the plant site proper. 

As indicated above, the primary access to 
the site will be via the existing fire 
trail from the Socrates Mine Road. This 
trail will be upgraded, to include paving. 
A secondary access road leads from the 
site to the southwest. 

Major structures or facilities on the site 
include the turbine building, the cooling 
towers, and the H2S abatement facility. 
An admin/warehouse/shops building is also 
shown on the site layout, although a final 
decision on construction of this building 
has not yet been made. 

The arrangement of the buildings on the 
site is keyed to the required orientation 
of the cooling towers, parallel to pre- 
vailing winds, and to the available area. 

2. Cost Estimate 
/- 

\ 

3 

The total project cost is currently esti- 
mated to be approximately $54 million in 
1984 dollars. This is an order-of-magni- 
tude estimate, prepared before the place- 
ment of major equipment and construction 
contracts. Of this cost, $29 million is 
attributable to capital costs, plus $4 
million of construction-related costs. 
Other major costs include approximately 
$4.6 million in indirect costs, $8.8 mil- 
lion as an allowance for inflation, and 
and $6.5 million as an allowance for funds 
used during construction. 

Total operating and maintenance costs are 
predicted to be 46 mills/KwHr when the 
plant commences operation. Of that, 27 
mills/KwHr will be for the steam supply. 
The plant is expected to generate approx- 
imately 385 million KwHr per year. 

Project Schedule 

The SMUDGE0 #1 project was initiated by a 
SMUD Board of Directors resolution to pro- 
ceed in February 1979. The Architect/En- 
qineer, Stone & Webster Engineering Corpo- 
ration, was placed under contract in late 
June 1979. 

Initial work on the project consisted 
largely of preparing the Application for 
Certification (AFC), the major licensing 
document for construction approval. The 
AFC, which has a one-year review cycle, 
was filed with the California Energy Com- 
mission on February 19, 1980. Current 
licensing activities include a series of 
workshops and preparation of responses to 
interrogatories from the CEC, prior to 
their issuing a Preliminary Report and a 
Joint Environmental Statement. 

Considerable effort is also being devoted 
to the preparation of specifications for 
the purchase of equipment. A contract was 
awarded on May 2, 1980, for the turbine- 
generator, key equipment for the plant. 
Other major equipment, such as the con- 
denser, cooling towers, and H2S abatement 
system, will be purchased in the summer of 
1980. 

Construction is scheduled to start in 
April 1981, after approval of the project 

-. 
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by the CEC and the Board. 
will take place in the spring and summer, 
with the civil/structural contractor com- 
mencing work in July. 
the first season's construction work is 
erection and enclosure of the turbine 
building by December, in order to allow 
construction of the turbine pedestal and 
erection of the turbine-generator to pro- 
ceed under cover. Erection of the turbine- 
generator, condenser, and cooling tower are 
scheduled for mid-to-late 1982. Startup 
activities will commence in early 1983, 
with commercial operation scheduled for 
December 1983. The schedule is shown on 
Fig. 1. 

Site grading 

A major objective of 

D. POWER CYCLE 

1. Typical Cycle 

Steam supplied by the well field developer 
is expanded through a turbine which drives 
the generator. The spent steam is ex- 
hausted into a surface condenser where it 
is condensed and collected. Circulating 
water is provided to the condenser for 
cooling. Circulating water is itself 
cooled in the cooling tower. The conden- 
sate is pumped as makeup to the circulating 
water system. Excess water is returned to 
the steam supplier for injection. This 
cycle is shown on Fig. 2. 

2. SMUDGEO #1 Cycle 

The cycle for SMUDGEO #1 has been optimized 
to provide the most power per pound of 
steam as can be justified economically. 

A larger turbine, condenser and cooling 
tower are provided. 70 MW is produced from 
the same amount of steam as it takes in the 
typical cycle for 55 MW. 

3. Heat Balance Comparison 

For the approximate same amount of steam 
(pounds per hour), SMUDGEO #1 will produce 
70 MW as PG&E and NCPA #2 do to produce 55 
MW. The physical sizes of SMUDGEO #1 
equipment compare to PG&E 16, a 110 MW unit 
(Fig. 3). 

E. PLANT SYSTEMS AND EQUIPMENT 

1. Mechanical 

a. Steam Systems 
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b. 

C. 

Steam is supplied to SMUDGEO #1 at 
100 PSIG and 348OF. 
turbine throttle flow, noncondensable 
gas removal (two stage steam jet 
ejectors) and process steam to the 
H2S abatement system. Since large 
volumes of noncondensable gases are 
handled, the plant may be designed 
with a third stage motor driven vac- 
uum pump. 

A turbine bypass is provided to allow 
complete bypass of the throttle flow 
on a turbine trip. This will mini- 
mize the occurrence of the main steam 
safety valves. 

Steam Turbine 

It is used for 

The steam turbine will be supplied by 
Mitsubishi Heavy Industries. It is a 
four flow machine with 25 in. last 
stage blades rotating at 3600 rpm. 
It will normally produce 70 MW. 

Steam Condenser 

The condenser will be as surface type. 
It will have from 150,000 to 200,000 
square feet of 3/4 inch diameter 
tubes. It will be two zone, single 
pass operating at 1.35/1.70 inches 
Hg ABS. 

2. Cooling Water Systems 

a. 

b. 

C. 

Circulating Water 

The circulating water system will be 
comprised of four 25% pumps and a 
twelve cell cooling tower. 
be divided into two independent loops, 
crosstied for flexibility and relia- 
bili ty . 
Service Water 

It will 

Service water will be provided by two 
100% pumps. The water source will be 
the cooling tower basin and the hot 
water will be returned to this tower. 

Injection 

Condensate will be used as makeup to 
the circulating water system. Losses 
are due to evaporation and drift. 
Makeup in excess of these losses is 
returned to the steam supplier for 
injection. 



d. Cooling Tower 

The cooling tower is a wet, mechanical 
induced draft type. It will have 12 
cells and will cool 119,000 G P M  of 
circulating water from 89OF to 74OF. 
Drift will be approximately 1.2 G P M .  

3 .  Station Arrangement 

The station has been laid out on the site 
to keep all major structures in cut area. 
The main power block has been laid out to 
minimize piping and to have the most effi- 
cient tower siting. 

4. Electrical 

a. Corrosion 

Hydrogen sulfide in the air in the 
Geysers area has a deleterious effect 
on copper and certain other metals 
often used in electrical equipment. 
For that reason, other metals will be 
used for electrical contacts and key 
electrical equipment will be located 
in a clean environment. 

Electrical Design of Clean Air Areas 

Clean air areas will be provided for 
the electrical switchgear, relay, com- 
munications, logic, and control rooms. 
Air with a minimum of hydrogen sulfide 
will be provided for these rooms by 
filtering the incoming air and main- 
taining a slight positive pressure. 

b. 

c. Backup Electrical Design Features 

Certain redundancy is designed into 
the electrical features of the plant. 
This redundancy is particularly impor- 
tant in regard to operation of the 
turbine bypass system. 

5. Instruments and Controls 

a. Philosophy of Operation 

SMUDGE0 #1 will operate initially as a 
continuously manned facility, but will 
have the capability of being converted 
to a remotely controlled, unattended 
facility should future operations dic- 
tate. Supervisory controls and in- 
strumentation for all major equipment 
and systems will be located on a main 
control panel, which is located in the 

plant control room. The plant control 
operating area will be designed to 
permit one operator to supervise the 
operation of all major equipment and 
systems. 

C 
b. Basic Cycle Control Loops 

The following are the basic steam- 
water cycle loops. 

(1) Turbine Electro-Hydraulic Control 
(EHC) 
(a) speed control during startup 
(b) load frequency control while 

on-line 

( 2 )  Turbine Bypass System 
(a) bypasses geothermal steam 

around turbine directly to 
condenser during low/no-load 
operation 

( 3 )  Condensate Flow Control 
(a) condensate recirculation 
(b) condenser hotwell level 
(c) booster pump flow 

(4) Circulating Water F l o w  
(a) cooling tower-condenser loop 

(5) H2S Abatement System 
(a) primary system treats non- 

(b) secondary system treats H2S 
condensable H2S gas 

in solution 

c. Recording, Annunciating and Printouts 

The primary monitoring devices, i.e., 
hardwired annunciators, indicators, 
and recorders will be grouped on the 
main control panel according to the 
plant system they are associated with 
(Fig. 4). In addition, there will be 
a vertical segregation of monitoring 
and control devices to indicate prior- 
ities to the operator. 

The printing data logger will supple- 
ment the hardwired instrumentation and 
will provide selected supplementary 
alarm displays, trend displays and 
other selected data for historical 
record and review. 

The printing data logger is a program- 
mable, microprocessor based alarm 
scanner and logger, the failure of 
which would result in the loss of 
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operator access to many parameter val- 
ues. Therefore, safe plant operation 
will not be dependent upon the contin- 
ued operation of this device. The 
plant will be operable and capable of 
being maintained in a safe condition 
with only the hardwired equipment 
functional. 

F. PROBLEMS/DESIGN CHALLENGES 

1. H2S Abatement 

a. Gas Treatment 

The steam furnished by Aminoil to op- 
erate the plant will contain non- 
condensable gases (approximately 0.3 
percent), to include hydrogen sulfide 
(H2S) gas (60k20 ppm). The non- 
condensable gases will largely be 
drawn off from the condenser. 

Hydrogen sulfide constitutes the most 
significant. potential pollutant from 
the plant. The District has committed 
to an emissions limit of 50 grams per 
gross megawatt hour, provided that air 
quality studies do not demonstrate 
that a higher limit is justified. In 
order to meet this limit it will be 
necessary-to treat both the off-gas 
and condensate. 
treated in a Stretford system (Fig. 5) .  
This system uses a wet chemical proc- 
ess to remove 99+ percent of the in- 
coming H2S. 

The off-gas will be 

b. Condensate Treatment 

As indicated, a portion of the H2S 
will remain in the condensate. Sev- 
eral possible methods are currently 
under study for removing all or a por- 
tion of the H2S from the condensate. 
These are: 

(1) Oxidation with hydrogen peroxide 
(2) Air oxidation 
( 3 )  Ozone oxidation 
(4) Condensate stripping 
( 5 )  Ammonia fixation 
(6) Iron catalyst/sulfate oxidation 

The first and last methods are being 
used (or have been used) by PG&E at 
the Geysers. 

Further engineering and laboratory 
work are necessary before a condensate 
treatment system is adopted. 

c. Steam Stacking 

Steam stacking occurs when a steam sup- 
plier releases steam to the atmosphere 
(other than minor venting). This is 
generally associated with power plant 
outages. Since a release of greater 
than about 30 percent of full steam 
flow would result in violating emis- 
sions limits, Aminoil is responsible 
for abating the emissions. 

The proposed method for controlling 
steam stacking is to install a bypass 
which will allow incoming steam to 
flow around the turbine directly to 
the condenser. This system has advan- 
tages for the District, as well, in 
that it will allow flexibility in oper- 
ation. 

2. Land Disturbance and Mitigation Plans 

Approximately 9.6 acres of terrain will be 
affected by construction of SMUDGE0 #1. 
The plant site within the fence will dis- 
turb 5.3 acres of land. The well pad ac- 
cess roads and the parking area will affect 
1.6 acres. The fill areas and sedimenta- 
tion pond will disturb 2.1 acres, and the 
site access road and associated fill will 
disrupt about 0.6 acres. Permanent loss 
of vegetation cover will occur in the 
areas mentioned above. Certain animal spe- 
cies in the disturbed areas will be lost 
(e.g., mice, rabbits, certain terrestrial 
invertebrates, etc.). However, certain 
animal species will benefit by the creaticn 
of open spaces and "edge" effects (e.g., 
deer) . 
The development and implementation of spe- 
cific measures to offset unavoidable losses 
associated with a particular land use al- 
ternative is termed "mitigation. " Mitiga- 
tion measures associated with SMUDGEO #1 
include the employment of revegetating 
disturbed land surfaces with appropriate 
native plant species (grasses, shrubs, and 
certain tree species such as oaks). Irri- 
gation systems, hydromulching with straw 
and seeds, and plastic netting will all 
help to insure better revegetation success. 
Distributing topsoil over the disturbed 
land will further enhance the revegetation 
efforts. The creation of browseways by 
stockpiling removed vegetation to create 
brush piles, and controlled burning will 
benefit wildlife and plant life alike. 
Leaving intact shrub root crowns and roof 
bushes along the perimeter of disturbed 

I 
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3 .  

lands will also aid the revegetation ef- 
forts. Exclosure fencing of plants used 
in revegetation might also help their sur- 
vival chances from adverse effects of mule 
deer browsing. Revegetation will be moni- 
tored periodically during the years fol- 
lowing initiation. 

No adverse impacts are anticipated on 
wildlife and fish species near the site - 
this includes any threatened, rare and en- 
dangered species and species of special 
concern. 

Compliance and Monitoring Plan 

The Energy Commission's regulations re- 
quire SMUD to prepare a "Compliance and 
Monitoring Plan." This document describes 
the manner in which SMUD will comply with 
applicable laws and regulations in the de- 
tailed design and construction of the 
plant. The monitoring portion of the plan 
describes the manner in which SMUD will 
ensure that the plant "as built" is in 
compliance. Examples are measurements for 
hydrogen sulfide emissions and the suc- 
cessfulness of the revegetation plan in 
m i n i m i z i n g  erosion. Since SMUDGE0 #l w i l l  
be sited on federal land, the Energy Com- 
mission does not have any direct control 
once the AFT is approved. Rather, the 
USGS and the Commission will jointly ap- 

prove the Plan, which will then be admin- 
istered by the USGS. A similar plan has 
been implemented for the NCPA No. 2 pro- 
ject, which is also on federal land. 

C 
4. Access Roads and Road Maintenance 

As indicated previously, the primary access 
road for construction and operation will 
be from the Socrates Mine Road through 
Birdsong Meadow along the existing fire 
trail to the site. The only new construc- 
tion will be a short segment around the 
original Aminoil well pad to the site gate. 
The District is committed to paving the 
access road across the Aminoil leasehold. 
Some minor realignment may be done, apart 
from the new segment, as a part of up- 
grading and paving the fire trail. 

A secondary access road leads from the 
southwest corner of the site to the paved 
road below. This road, currently in ex- 
istence, is steep and little more than a 
trail. It will be upgraded a certain ex- 
tent, but is intended only for emergency 
access. 

I n  t h a t  the p r i m a r y  access road w i l l  be 
paved, maintenance will be limited to en- 
suring that the drainage system along the 
road remains functional and that the road 
surface remains in good repair. 

6 
4-10 



Q 
I 

I- 
r 

& P I P I N G  I N S T A L L A T I O N  

START-UP & T E S T  

COMMERCIAL O P E R A T I O N  
DECEMBER 1983 

FlL E A PPLICA TION February IS, 1980 
ENERGY COMMISSION 
APPROVAL February, I98 1 

I 

A 

FIGURE-1 



d
 

c
 

Y
 

I 
I 

4
-
1
2
 



STEAM FLOW , LB/HR 

MEGAWATTS ,GROSS 

TURBINE 
TYPE 
LAST STAGE BLADE LENGTH,IN 

CONDENSER 
SURFACE AREA,SQ FT 
OPERATING PRESSURE, IN H G A  

COOLING TOWER 

NUMBER OF CELLS 

CIRCULATING WATER 
FLOW R A T E ,  GPM 

PG&E 

UNIT 15 

1 , 100,000 

55 

2 FLOW 
I 7  

92,000 

4.0 

5 

70,000 

PG&E 

UNIT 16 

1,940,000 

110 

4 FLOW 
23 

104,000 

3.0 

1 1  

140,000 

NCPA 
7%2 

903,000 

55 

2 FLOW 

23 

1 Q5.000 
3.0 

G 

67,000 

SMUD 

SMUDGEQ # I  
950,000 

70 

4 FLOW 

25 

250,000 

1.75 

12 

1 19,000 

FIGURE- 3 



P 
I 

I- 
P 

MAIN CONTROL PANEL 

A 

SMUDGE0 +l 

ANNUNCIATORS 
GRAPHIC PANEL 
RECORDERS-INDICATORS 
CONTROL MODULES 

HYDROGEN SULFIDE ABATEMENT 

SW ITCHGEAR 

TURBINE-GENER A T O R  

L. 
PLANT AUXILIARIES 

F I G U R E -  4 



FIGURE-5 



HAWAII'S G E O T H E R M A L  D E V E L O P M E N T  

Roy T .  Uemura 
Hawai ian  E l e c t r i c  C O . ,  InC. 

P .  0 .  Box 2750 
H o n o l u l u ,  HI 96840 

INTRODUCTION 

O n  J u l y  2 ,  1 9 7 6 ,  an  e v e n t  t o o k  
p l a c e  i n  t h e  d e s o l a t e  a r e a  o f  Puna ,  
on t h e  i s l a n d  o f  H a w a i i ,  wh ich  showed 
g r e a t  p r o m i s e  o f  r e d u c i n g  Hawaii ' S  
dependency  on f u e l  o i l .  This  g r e a t  
e v e n t  was t h e  f l a s h i n g  o f  H a w a i i ' s  
f i r s t  g e o t h e r m a l  w e l l  which  was named 
H G P - A .  

The d i s c o v e r y  o f  g e o t h e r m a l  
e n e r g y  was a b l e s s i n g  t o  Hawaii 
s i n c e  t h e  e l e c t r i c  u t i l i t i e s  a r e  
d e p e n d e n t  upon f u e l  o i l  f o r  i t s  
own e l e c t r i c  g e n e r a t i n g  u n i t s .  
Over  50% o f  t h e i r  r e v e n u e s  pay 
f o r  i m p o r t e d  f u e l  o i l .  L a s t  y e a r  
( 1 9 7 9 )  a b o u t  $167.1  m i l l i o n  l e f t  t h e  
s t a t e  t o  pay f o r  t h i s  p r e c i o u s  o i l .  

The H G P - A  w e l l  was d r i l l e d  t o  a 
d e p t h  o f  6 ,450  f e e t  and  t h e  t e m p e r a -  
t u r e  a t  t h e  bothom o f  t h e  h o l e  was 
measu red  a t  676 F,  making  i t  o n e  o f  
t h e  h o t t e s t  we1 1s i n  t h e  wor l  d .  

H G P - A  W E L L H E A D  G E N E R A T O R  P R O J E C T  

In  o r d e r  t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  o f  g e n e r a t i n g  e l e c t r i c i t y  
w i t h  a s m a l l  g e o t h e r m a l  power p l a n t  
i n  a r i f t  zone  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  
c h a r a c t e r i s t i c s  o f  t h e  r e s o u r c e ,  a 
c o n s o r t i  u m  c a l l  ed  t h e  H G P - A  
Development  Group was fo rmed .  The 
members o f  t h i s  g r o u p  c o n s i s t  o f  t h e  
f o l l o w i n g :  

1 .  S t a t e  o f  H a w a i i ,  Depa r tmen t  
o f  P l a n n i n g  and Economic 
De ve l  opmen t .  

2 .  County  o f  Hawaii  

3 .  U n i v e r s i t y  o f  H a w a i i ,  Hawaii  

Hawai ian  E l e c t r i c  Company, I n c .  

Geo the rma l  P r o j e c t  . 

( H E C O )  and  i t s  s u b s i d i a r y ,  t h e  Hawaii  
E l e c t r i c  L i g h t  Company, I n c .  ( H E L C O ) ,  
s e r v e  a s  a d v i s o r s  t o  t h i s  g r o u p .  
H E L C O  w i l l  be c o n t r a c t e d  t o  o p e r a t e  
and  m a i n t a i n  t h e  power p l  a n t  f a c i  1 i - 
t i e s  i n c l u d i n g  t h e  w e l l .  A l s o ,  
H E L C O  w i l l  p u r c h a s e  t h e  e l e c t r i c i t y  
g e n e r a t e d  f rom t h e  s t a t i o n .  

The Development  Group was 
s u c c e s s f u l  i n  o b t a i n i n g  o v e r  90% o f  
t h e  f u n d i n g  f o r  t h i s  p r o j e c t  f rom 
t h e  U .  S .  Depa r tmen t  o f  Ene rgy .  
The b a l a n c e  o f  t h e  f u n d i n g  w i l l  be 
p r o v i d e d  f rom t h e  S t a t e  and  County  
o f  Hawaii  and  H E L C O .  The Development  
Group c o n t r a c t e d  t h e  R e s e a r c h  
C o r p o r a t i o n  o f  t h e  U n i v e r s i t y  o f  
Hawaii t o  manage t h e  p r o j e c t .  

PROJECT S C O P E  

The s c o p e  o f  t h e  p r o j e c t  i s  t o  
d e s i g n  and  c o n s t r u c t  a 3 m w  g e o t h e r m a l  
power p l a n t  w i t h  f u l l  e n v i r o n m e n t a l  
c o n t r o l s .  The p l a n t  i s  t o  be o p e r a t e d  
and m a i n t a i n e d  f o r  a p p r o x i m a t e l y  14  
mon ths .  The e l e c t r i c a l  e n e r g y  
g e n e r a t e d  w i l l  be c o n n e c t e d  t o  t h e  
H E L C O  g r i d  s y s t e m  f o r  p u r c h a s e  by 
H E L C O .  
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I n  a d d i t i o n ,  a V i s i t o r  I n f o r m a -  
t i o n  C e n t e r  w i l l  be c o n s t r u c t e d  a t  t h e  
p l a n t  s i t e  t o  e d u c a t e  t h e  p u b l i c  on 
g e o t h e r m a l  e n e r g y .  The p u b l i c  w i l l  
a l s o  be a b l e  t o  view t h e  g e o t h e r m a l  
power p l a n t  f rom a v a n t a g e  p o i n t  a t  
t h e  V i s i t o r s  C e n t e r .  

DES1 G N  CONS1 DERATI O N S  

The m a j o r  d e s i g n  c o n s i d e r a t i o n  o f  
t h i s  p r o j e c t  a r e  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 ,  t h e  e n v i r o n m e n t a l  i m p a c t ,  
and t h e  r e m o t e  o p e r a t i o n  o f  t h e  p l a n t .  

1 .  Risk o f  V o l c a n i c  E r u p t i o n  

H G P - A  i s  l o c a t e d  on t h e  
e a s t e r n  end  o f  t h e  e a s t  r i f t  
z o n e  on the  i s l a n d  o f  Hawai i .  
Because  t h e r e  i s  a 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  
n e a r  o r  a t  t h e  s i t e ,  t h e  
p l a n t  i s  d e s i g n e d  s o  t h a t  
s p e c i f i c  p i e c e s  o f  e q u i p m e n t  
c o u l d  be e a s i l y  removed and  
t r a n s p o r t e d  t o  a s a f e  a r e a  
t o  a v o i d  l a v a  f l o w s .  The 
w e l l h e a d  a s s e m b l y  i s  a l s o  
d e s i g n e d  s o  t h a t  i t  c an  be 
p r o t e c t e d  f rom l a v a  f l o w s  
by c o v e r i n g  i t  w i t h  an 
i n s u l a t i n g  l a y e r  o f  c i n d e r s  
when t h e  need  a r i s e s .  

Locations of HGP-A, V Q ~ C ~ ~ Q C X  and 
Rift  Zones on the Bsiand of Hawaii 

156' o i o  Z O M I I O ~  155' 

/-- 
2 .  E n v i r o n m e n t a l  

Every  e f f o r t  h a s  been made t o  
p r o v i d e  t h e  n e c e s s a r y  
e n v i r o n m e n t a l  c o n t r o l s  t o  
l i m i t  a i r ,  w a t e r  and n o i s e  
p o l l u t i o n .  Of p a r t i c u l a r  
c o n c e r n  i s  t h e  r o t t e n  egg  
o d o r  o f  hydrogen  s u l f i d e  g a s  
which  i s  t y p i c a l l y  p r e s e n t  
i n  g e o t h e r m a l  f l u i d s .  

In  o r d e r  t o  i n s u r e  t h e  
e f f e c t i v e n e s s  o f  t h e  e n v i r o n -  
men ta l  c o n t r o l  s , a comprehen-  
s i v e  m o n i t o r i n g  p rogram w i l l  
be c a r r i e d  o u t  by an 
i n d e p e n d e n t  company. 

F u r t h e r m o r e ,  t h e  a r c h i  t e c -  
t u r a l  t r e a t m e n t  and  
l a n d s c a p i n g  c h a r a c t e r i s t i c s  
w i l l  be c o m p a t i b l e  w i t h  
t h e  n a t u r a l  s u r r o u n d i n g s  
o f  t h e  s i t e .  The a r e a  
a l o n g  P o h o i k i  Road w i l l  
b e  l a n d s c a p e d  w i t h  t r e e s  and  
s h r u b s  t o  p r o v i d e  a b u f f e r -  
s c r e e n  o f  t h e  p l a n t  f a c i l i -  
t i e s  f rom t h e  r o a d  and would 
m a i n t a i n  t h e  n a t u r a l  
c h a r a c t e r  o f  t h e  e n v i r o n m e n t  
i n  t h a t  a r e a .  The b u i l d i n g s  
w i l l  be p a i n t e d  s o  t h a t  t h e y  
w i l l  a l s o  b l e n d  w i t h  t h e  
a r e a .  

3 .  P l a n t  O p e r a t i o n  

The power p l a n t  i s  d e s i g n e d  
t o  o p e r a t e  r e m o t e l y  f rom 
HELCO's c o n t r o l  room i n  H i l o .  
H E L C O  w i  1 1  p r o v i d e  p e r s o n n e l  
a t  t h e  p l a n t ,  o n e  s h i f t  p e r  
d a y ,  f o r  r o u t i n e  o p e r a t i o n  
and  m a i n t e n a n c e  o f  t h e  p l a n t .  
The e l e c t r i c a l  o u t p u t  o f  t h e  
g e n e r a t o r - - 2 . 8  m e g a w a t t s - -  
w i l l  be f e d  i n t o  t h e  H E L C O  
e l e c t r i c  s y s t e m  g r i d  and  
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  t h r o u g h o u t  t h e  
Puna D i s t r i c t .  S i n c e  H E L C O  
can  o n l y  a c c e p t  2 m w  d u r i n g  
low l o a d  p e r i o d s ,  l o a d  b a n k s  
a r e  b e i n g  p r o v i d e d  t o  consume 
t h e  e x c e s s  g e n e r a t i o n  t h a t  
t h e  s y s t e m  c a n n o t  a c c e p t .  
H E L C O  w i l l  pay f o r  t h e  power 
f e d  i n t o  i t s  s y s t e m  and  t h e  
r e v e n u e  w i l l  be more t h a n  
a d e q u a t e  t o  o f f s e t  t h e  
o p e r a t i n g  and m a i n t e n a n c e  
c o s t s .  
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DESCRIPTION OF T H E  SYSTEM 

Steam f l o w s  f rom t h e  w e l l  i n t o  a 
s t e a m  f l a s h  s e p a r a t o r  where  t h e  s t e a m  
and  w a t e r  p h a s e s  a r e  s e p a r a t e d .  The 
s t e a m  t h e n  e n t e r s  t h e  t u r b i n e -  
g e n e r a t o r  a t  5 2 , 8 0 0  l b s / h r  a t  371OF 
and  160  p s i a  t o  p r o d u c e  3 , 0 0 0  
k i l o w a t t s  o f  e l e c t r i c a l  power .  The 
p l a n t  w i l l  u s e  a b o u t  200 k i l o w a t t s  
f o r  i t s  a u x i l i a r y  e q u i p m e n t  and t h e  
r e m a i n i n g  2 , 8 0 0  k i l o w a t t s  w i l l  be 
t r a n s m i t t e d  i n t o  H E L C O ' s  e l e c t r i c a l  
s y s t e m .  

t u r b i n e  i s  c o n d e n s e d  t o  o b t a i n  maximum 
u s e f u l  e n e r g y  f rom t h e  s t e a m .  The 
c o n d e n s a t e  fo rmed  i s  u s e d  a s  make-up 
w a t e r  f o r  t h e  c o o l i n g  w a t e r  s y s t e m .  
This  make-up w a t e r  i s  i m p o r t a n t  s i n c e  
a b o u t  1 0 0  g a l s / m i n  o f  c o o l i n g  w a t e r  i s  
l o s t  by t h e  e v a p o r a t i v e  c o o l i n g  p r o c e s s  
i n  t h e  c o o l i n g  t o w e r .  The e x c e s s  
c o n d e n s a t e  w i l l  be  d i s p o s e d  by p e r c o -  
l a t i n g  i t  back  i n t o  t h e  g r o u n d .  
B e f o r e  t h i s  can  be d o n e ,  however ,  
s i l i c a  i s  p r e c i p i c a t e d  o u t  o f  t h e  
w a t e r  by a l l o w i n g  i t  t o  coo l  i n  a 

The s t e a m  t h a t  f l o w s  t h r o u g h  t h e  

r e t e n t i o n  pond which  i s  d e s i g n e d  f o r  
a r e s i d e n c e  t i m e  of  a b o u t  an h o u r .  

The hydrogen  s u l f i d e  and  o t h e r  
n o n - c o n d e n s a b l e  g a s e s  a r e  e x t r a c t e d  
f rom t h e  main c o n d e n s e r  by a t w o -  
s t a g e  e j e c t o r  s y s t e m  and  b u r n e d  i n  
an i n c i n e r a t o r .  The r e s u l t  o f  t h i s  
b u r n i n g  p r o c e s s  f o r m s  s u l f u r  d i o x i d e  
g a s - - a n o t h e r  po l  1 u t a n t .  The f l u e  
g a s  i s  t h e r e f o r e  p i p e d  t o  an a b s o r b e r  
column where  t h e  s u l f u r  d i o x i d e  i s  
removed by a b s o r p t i o n  i n  a d i l u t e d  
c a u s t i c  s o d a  s o l u t i o n  b e f o r e  t h e  f l u e  
g a s e s  a r e  v e n t e d  t o  t h e  a t m o s p h e r e .  

s i n c e  0 . 2  mw i s  r e q u i r e d  f o r  t h e  
p l a n t  a u x i l i a r i e s .  R e g u l a t i o n  f o r  
l o w e r  l o a d s  w i l l  be a c c o m p l i s h e d  by 
u s i n g  t h e  l o a d  bank which  h a s  a 
c a p a c i t y  o f  1 . 6  mw and  t h e  s t e a m  d u m p  
v a l v e .  T h e r e f o r e ,  t h e  t u r b i n e -  
g e n e r a t o r  c o u l d  be o p e r a t e d  
c o n t i n u o u s l y  i n  t h e  e v e n t  o f  a 
t r a n s m i s s i o n  l i n e  f a i l u r e .  In  t h i s  
e v e n t ,  t h e  g e n e r a t o r  w o u l d  be c u t  
back  t o  1 . 8  mw ( 0 . 2  mw f o r  t h e  
a u x i l i a r i e s  and  1 . 6  mw t o  t h e  l o a d  

The n e t  g e n e r a t i o n  i s  2 . 8  mw 

SEPARATOR 
1 T U R B I N E  

UNDERGROUND> 1 --t 

R O C K  I!UFFLER 

8 

HGP-A GEOTHERMAL GENERATOR PROJECT 
-_ STEAM SUPPLY P R O C m  
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b a n k )  and  1 . 2  mw e q u i v a l e n t  s t e a m  
f l o w  would  be dumped. 

Upon t u r b i n e  t r i p ,  100% o f  t h e  
s t e a m  f l o w  w i l l  be dumped t h r o u g h  
t h e  emergency  d u m p  v a l v e  and  t h e  
s t e a m  t r e a t e d  f o r  H2S a n d  s i l e n c e d .  

S i n c e  t h i s  p l a n t  i s  b e i n g  
s u p p l i e d  by o n l y  one  w e l l ,  s t e a m  
f l o w  f rom t h e  w e l l  i s  n o t  r e g u l a t e d .  
Flow f rom t h e  w e l l  i s  m a i n t a i n e d  a t  
a c o n t i n u o u s  r a t e .  I t  i s  n o t  
d e s i r a b l e  t o  s h u t  o f f  t h e  w e l l  
s i n c e  i t  t a k e s  a b o u t  a month t o  
b r i n g  t h e  w e l l  u p  t o  normal o p e r a t i n g  
c o n d i t i o n  a f t e r  i t  i s  s h u t  o f f .  
T h e r e f o r e ,  u n l e s s  m a j o r  work i s  
r e q u i r e d  t h e  w e l l  w i l l  be a l l o w e d  t o  
f l o w .  

I REPAIR O F  H G P - A  WELL 

T h i s  p r o j e c t  had i t s  f i r s t  m a j o r  
p rob lem t h i s  p a s t  summer. A r a p i d  
i n c r e a s e  o f  s t a t i c  w e l l h e a d  p r e s s u r e  
w i t h  a c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  
t e m p e r a t u r e  p r o f i l e  o f  t h e  w e l l  
i n d i c a t e d  t h a t  t h e  i n t e g r i t y  o f  t h e  
cemen t  bond on t h e  w e l l  c a s i n g  had 
d e t e r i o r a t e d .  T h i s  s u s p i c i o n  p r o v e d  
t o  be t r u e  a f t e r  cemen t  bond l o g s  
were  t a k e n .  

~ 

The o r i g i n a l  9 - 5 / 8 "  c a s i n g  was 
i n s t a l l e d  f rom a d e p t h  o f  a p p r o x i -  
m a t e l y  2 , 2 0 0  f e e t  t o  t h e  s u r f a c e .  
The c a s i n g  was r e p a i r e d  by f i r s t  
p e r f o r a t i n g  h o l e s  i n  t h e  c a s i n g  and 
s q u e e z i n g  cemen t  t h r o u g h  t h e s e  h o l e s  
t o  a t t e m p t  f i l l i n g  t h e  v o i d s  on t h e  
o u t s i d e  o f  t h e  c a s i n g .  S i n c e  o n l y  
80% bond was a c h i e v e d  by t h i s  
me thod ,  a new s t r i n g  o f  7 - i n c h  
c a s i n g  was i n s t a l l e d  and  c e m e n t e d -  
i n  s o l i d  f rom t h e  3 , 0 0 0  f o o t  d e p t h  
t o  t h e  s u r f a c e .  This  p r o c e s s  
r e q u i  r e d  c u t t i n g  and  r emov ing  
800 f e e t  o f  t h e  e x i s t i n g  7 - i n c h  
s l o t t e d  l i n e r  f rom 2 , 2 0 0  f o o t  t o  t h e  
3 , 0 0 0  f o o t  d e p t h .  This  improved  
t h e  i n t e g r i t y  o f  t h e  cemen t  bond a n d  
p r e v e n t e d  t h e  i n t r u s i o n  o f  an  
u n d e s i r e a b l e  z o n e  o f  l o w e r  t e m p e r a t u r e  
f l u i d s  f rom e n t e r i n g  t h e  w e l l .  

WELL FLOW TEST 

A w e l l  t e s t  was c o n d u c t e d  i n  
J a n u a r y  1980 t o  c o n f i r m  t h e  w e l l  f l o w  
c h a r a c t e r i s t i c s .  T h i s  t e s t  was r e -  
q u i  r e d  b e f o r e  c o m m i t t i n g  t h e  power 
p l a n t  c o n d e n s i n g  and  g a s  removal  
e q u i p m e n t .  The r e p a i r i n g  o f  t h e  w e l l  
added  t o  t he  n e c e s s i t y  o f  c o n d u c t i n g  
t h e  w e l l  f l o w  t e s t .  

S i n c e  a commitment was made t o  
t h e  r e s i d e n t s  o f  t h e  a d j o i n i n g  s u b -  
d i v i s i o n  t h a t  n o i s e  and t h e  s m e l l  o f  
H S would  be a b a t e d  d u r i n g  o p e r a t i o n  03 t h e  w e l l  , t h e s e  a b a t e m e n t  p r o c e s s e s  
were  a l s o  t e s t e d  d u r i n g  t h i s  p e r i o d .  

The n o i s e  f rom t h e  d i s c h a r g e d  
s t e a m  was a b a t e d  by t h e  u s e  o f  a r o c k  
m u f f l e r .  The r o c k  m u f f l e r  i s  a 
c o n c r e t e  box w i t h  a plenum chamber  a t  
t h e  b o t t o m  i n  which  t h e  s t e a m  e n t e r s  
t h r o u g h  a p e r f o r a t e d  p i p e .  The s t e a m  
v e l o c i t y  i s  r e d u c e d  and  d i s p e r s e d  
t h r o u g h  a f i v e - f o o t  bed o f  1"-14"  
c r u s h e d  r o c k .  The r o c k  m u f f l e r  
p r o v e d  so  e f f e c t i v e  t h a t  t h e  n o i s e  
l e v e l  a t  t h e  r o a d  f r o n t i n g  t h e  w e l l  
s i t e ,  a b o u t  100  f e e t  away,  was o n l y  
4 4  D B A .  

The H S o d o r  was c o n t r o l l e d  by 
i n j e c t i n g  S a u s t i c  and  hydrogen  
p e r o x i d e  i n t o  s t a t i c  i n - l i n e  m i x e r s  
made o f  s t e e l  b a f f l e s  i n s t a l l e d  i n  t h e  
d i s c h a r g e  p i p e .  The c a u s t i c  r e a c t s  
w i t h  t h e  H2S t o  fo rm sod ium s u l f i d e  
and  w a t e r ,  t h u s  r emov ing  t h e  s m e l l  o f  
t h e  r o t t e n  egg  o d o r  o f  t h i s  g a s .  The 
hydrogen  p e r o x i d e  o x i d i z e s  t h e  sodium 
s u l f i d e  t o  a s u l f a t e  t o  p r e v e n t  i t  
f rom r e v e r t i n g  back  t o  H2S. 

w e l l  was f o u n d  t o  be a b o u t  806  p p m .  
Of t h i s  amoun t ,  790 p p m  was p r e s e n t  i n  
t h e  s t e a m  l i n e  downs t r eam o f  t h e  s t e a m  
s e p a r a t o r .  The r e m a i n i n g  16 p p m  was 
f o u n d  i n  t h e  l i q u i d  l i n e  f rom t h e  
s e p a r a t o r .  

a c h i e v e d  w i t h  t h i s  p r o c e s s .  A n  
i n j e c t i o n  r a t e  o f  3 .2  moles  o f  c a u s t i c  
s o l u t i o n  p e r  mole o f  H 2 S  was found  t o  
be e f f e c t i v e ,  r e d u c i n g  t h e  H2S l e v e l  
i n  t h e  d i s c h a r g e d  s t e a m  f rom t h e  r o c k  
m u f f l e r  t o  l e s s  t h a n  1 0  p p m .  The 
l i q u i d  d r a i n e d  f rom t h e  r o c k  m u f f l e r  
was t h e  b l a c k  s u l f i d e s  w i t h  a P H  i n  
e x c e s s  o f  1 1 .  

The t o t a l  amount o f  H2S f rom t h e  

About  97% o v e r a l l  a b a t e m e n t  was 

The r o c k  m u f f l e r  a l s o  c o n t r i b u t e d  
t o  t h e  e f f e c t i v e n e s s  o f  t h e  H S 
a b a t e m e n t  p r o c e s s  s i n c e  t h e  r g c k  
s u r f a c e s  p r o v i d e d  an e x t r e m e l y  l a r g e  
w e t t e d  s u r f a c e  c o n t a c t  a r e a  f o r  t h e  
H2S and  c a u s t i c .  A l s o ,  i t  s e r v e d  
a s  an e f f e c t i v e  c o a l e s c e n c e  which  
p r e v e n t e d  t h e  c a u s t i c  m i s t  f rom 
d i s c h a r g i n g  i n  t h e  s t e a m  plume.  

t o  be e f f e c t i v e  by i t s e l f ,  t h e  
a d d i t i o n a l  t r e a t m e n t  o f  hydrogen  
p e r o x i d e  was n o t  n e c e s s a r y  and w i l l  

S i n c e  t h e  c a u s t i c  t r e a t m e n t  p roved  
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t b e  u s e d  i n  t h e  e m e r g e n c y  a b a t e m e n t  
' o c e s s .  The  l i q u i d  f r o m  t h e  r o c k  
f f l e r  d r a i n s  i n t o  a p e r c o l a t i o n  p o n d  
v i n g  l i t t l e  o p p o r t u n i t y  f o r  i t  t o  b e  
i d i f i e d  a n d  r e v e r t i n g  b a c k  t o  H 2 S .  

The  w e l l  t e s t  c o n f i r m e d  t h e  s t e a m  
f l o w  r a t e  a n d  c o n d i t i o n  t o  a d e q u a t e l y  
p r o d u c e  3 mw o f  e l e c t r i c i t y  a t  t h e  
d e s i g n  c o n d i t i o n s .  P r e l i m i n a r y  
r e s u l t s  o f  t h e  w e l l  t e s t  f o r  n o n -  
c o n d e n s a b l e  g a s e s  a n d  d i s s o l v e d  s o l i d s  
a r e  a s  f o l l o w s :  

T o t a l  N o n - c o n d e n s a b l e  - 1 9 4 0  ppm 
Gas i n  S t e a m  

t i 2 S  i n  S t e a m  - 7 9 0  ppm 

H 2 S  i n  B r i n e  1 6  P P m  - 
T o t a l  U i  s s o l  v e d  - 5 0 0 0 - 6 0 0 0  ppm 

S o l i d s  i n  B r i n e  

S i l i c a  i n  B r i n e  - 8 4 0  ppm 

SCHEDULE 

C o n s t r u c t i o n  o f  t h e  p l a n t  
f a c i l i t y  i s  i n  p r o g r e s s .  T h e  
m e c h a n i c a l  , e l e c t r i c a l ,  a n d  i n s t r u -  
m e n t a t i o n  w o r k  w i l l  b e  o u t  f o r  b i d s  
i n  m i d - J u n e  1 9 8 0 .  The p l a n t  i s  
s c h e d u l e d  t o  s t a r t - u p  o n  M a r c h  3 1 ,  
1 9 8 1 .  

FUTURE OF GEOTHERMAL DEVELOPMENT 
I N  H A W A I I  

S e v e r a l  g e o t h e r m a l  d e v e l o p m e n t  
g r o u p s  h a v e  s h o w n  i n t e r e s t  i n  
d e v e l o p i n g  g e o t h e r m a l  e n e r g y  i n  
H a w a i i .  HELCO i s  p r e p a r i n g  a R e q u e s t  
f o r  P r o p o s a l  ( R F P )  i n  o r d e r  t o  
s o l  i c i  t t h e i r  p r o p o s a l s  a n d  t o  f a i  r l y  
e v a l u a t e  t h e i r  f i n a n c i a l  s t a n d i n g s  
a n d  t h e i r  t e c h n i c a l  k n o w l e d g e  a n d  
e x p e r i e n c e  i n  t h e  g e o t h e r m a l  f i e l d .  

P r e s e n t l y ,  HELCO i s  o n l y  
i n t e r e s t e d  i n  p u r c h a s i n g  t h e  
e l e c t r i c i t y  t h a t  i s g e n e r a t e d  f r o m  
g e o t h e r m a l  p o w e r  p l a n t s .  H o w e v e r ,  
HELCO w a n t s  t h e  o p t i o n  t o  p u r c h a s e  
t h e  p l a n t  a t  a l a t e r  d a t e  a f t e r  
t h e  r e s o u r c e  i s  p r o v e n .  

t h e  g e o t h e r m a l  d e v e l o p e r  a r e  t h e  
v o l c a n i c  h a z a r d s  i n  t h e  Puna  
D i s t r i c t  a n d  t h e  m a r k e t  f o r  
g e o  t h e  r m a l  e n e  r g y  . 

The  e a s t  r i f t  z o n e  i n  Puna,  
H a w a i i  i s  s u b j e c t  t o  t h e  h i g h e s t  
r i s k s  f r o m  v o l c a n i c  h a z a r d s  i n  t h e  

Two m a j o r  p r o b l e m s  t h a t  f a c e  

S t a t e .  S e v e r a l  e r u p t i o n s  h a v e  
o c c u r r e d  a l o n g  t h e  e a s t  r i f t  z o n e  
i n  r e c e n t  y e a r s ,  t h e  m o s t  r e c e n t  
b e i n g  t h e  P a h u a h i  c r a t e r  w h i c h  
e r u p t e d  i n  N o v e m b e r  1 9 7 9 .  W e l l s ,  
p i p i n g  a n d  p o w e r  p l a n t s  i n s t a l l e d  
o n  t h e  l o w e r  s l o p e  o f  t h e  e a s t  
r i f t  z o n e  m u s t  b e  c a r e f u l l y  
l o c a t e d  a n d  p r o t e c t e d  f r o m  t h e  
v o l c a n i c  h a z a r d s .  T h e s e  h a z a r d s  
i n c l u d e  v o l c a n i c  e r u p t i o n s ,  l a v a  
f l o w s ,  e a r t h q u a k e s ,  s u b s i d e n c e ,  a n d  
s u r f a c e  r u p t u r e s .  

i s l a n d  o f  H a w a i i  i s  s m a l l .  T h e  
s y s t e m  p e a k  f o r  1 9 8 0  i s  p r o j e c t e d  t o  
b e  8 8 . 4  m w .  The  a v e r a g e  l o a d  g r o w t h  
i s  3 . 5 %  p e r  y e a r .  T h e r e f o r e ,  a n y  
a d d i t i o n a l  c a p a c i t y  w o u l d  p r o b a b l y  
b e  i n  s m a l l  i n c r e m e n t s .  L a r g e  
c a p a c i t y  u n i t s  w o u l d  n e c e s s i t a t e  
HELCO t o  c y c l e  o r  e v e n  s h u t  down 
t h e i r  s t e a m  u n i t s  s i n c e  t h e i r  l o a d s  
c o u l d  d r o p  t o  a b o u t  3 0  mw d u r i n g  l o w  
l o a d  p e r i o d s .  

The p r i c e  f o r  t h e  e n e r g y  s h o u l d  
b e  e c o n o m i c a l l y  a t t r a c t i v e  t o  HELCO 
a s  c o m p a r e d  t o  p o w e r  p u r c h a s e d  f r o m  
t h e  s u g a r  p l a n t a t i o n s  a n d  t o  t h e  p r i c e  
o f  f u e l  o i l  a n d  i t s  a v a i l a b i l i t y .  

i n  t h e  i s l a n d s  c o u l d  b e  a c c e l e r a t e d  i f  
a s u b m a r i n e  c a b l e  c o u l d  b e  l a i d  f r o m  
t h e  i s l a n d  o f  H a w a i i  t o  Oahu w h e r e  t h e  
l a r g e s t  l o a d  c e n t e r  i s  l o c a t e d .  T h i s  
c a b l e ,  h o w e v e r ,  w o u l d  h a v e  t o  b e  
c a p a b l e  o f  b e i n g  i n s t a l l e d  o n  t h e  
o c e a n  f l o o r  i n  t h e  6 , 0 0 0  t o  7,000 f o o t  
d e e p  c h a n n e l  b e t w e e n  t h e  i s l a n d s  o f  
H a w a i i  a n d  M a u i .  

The e l e c t r i c a l  demand  on t h e  

D e v e l o p m e n t  o f  g e o t h e r m a l  e n e r g y  

CONCLUSION 

H E C O  a n d  i t s  s u b s i d i a r i e s  a r e  
d e p e n d e n t  u p o n  f u e l  o i l  f o r  i t s  own 
e l e c t r i c  g e n e r a t i n g  u n i t s .  G e o t h e r m a l  
e n e r g y  o f f e r s  t h e  b e s t  a l t e r n a t i v e  t o  
f u e l  o i l  s i n c e  i t  i s  among t h e  m o s t  
e c o n o m i c a l  a n d  l e a s t  p o 1 : u t i n g  o f  a l l  
f u e l s .  B e i n g  a n a t u r a l  r e s o u r c e ,  i t  
c o u l d  i m p r o v e  t h e  S t a t e ' s  b a l a n c e  o f  
t r a d e  b y  r e d u c i n g  t h e  o u t f l o w  o f  
m i l l i o n s  o f  d o l l a r s  a n n u a l l y  f o r  
i m p o r t e d  o i l .  

m u s t  p r o v e  t h e  r e l i a b i l i t y  o f  t h e  
r e s o u r c e ,  p r o v i d e  p r o t e c t i o n  f r o m  t h e  
v o l c a n i c  h a z a r d s ,  a n d  b e  e c o n o m i c a l l y  
c o m p e t i t i v e  w i t h  t h e  c o n v e n t i o n a l  
o i l - f i r e d  u n i t s  b e f o r e  g e o t h e r m a l  
e n e r g y  c o u l d  make a l a r g e  c o n t r i b u t i o n  

U e v e l o p e r s  o f  g e o t h e r m a l  e n e r g y  

e 
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i n  t h e  g e n e r a t i o n  o f  e l e c t r i c i t y  i n  
H a w a i i .  
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H2S ABATEMENT AT THE GEYSERS 

N. L. Ziomek 
Pacific Gas and Electric Company 

77 Beale Street 
San Francisco. CA 94106, (415) 781-4211 

This paper discusses the efforts by the 
inter-departmental task forces which have been 
formed by PGandE to improve and expedite the 
development, design, installation, and modi- 
fications to hydrogen sulfide abatement and 
abatement-related systems for The Geysers 
power plants. 

BACKGROUND - One of the most critical issues 
at The Geysers-Calistoga KGRA is the control 
of hydrogen sulfide emissions, which is an 
obstacle to the growth of geothermal energy 
utilization. Hydrogen sulfide is a component 
of the geothermal fluid and is released to 
the atmosphere at several locations within 
a power plant complex, primarily in the plant 
cooling towers. In the atmosphere it is 
transported to surrounding regions and can 
result in an odor nuisance if the concentra- 
tion is sufficiently high. The California 
ambient air quality standard for hydrogen sul- 
fide is 0.03 ppm for a one-hour average and 
was imposed to minimize the odor. 

The Geysers Project Office was established by 
PGandE on December 1, 1978 to improve planning, 
design, and construction of Geysers power 
plant units. 
responsible for the on-time, on-cost, and on- 
specification completion of new Geysers power 
plant units, including retrofitting the H2S 
abatement systems on units now in commercial 
operation. A Geysers Project Abatement 
Engineer was added to the Geysers Project 
staff to provide project direction and a more 
unified effort by the Company in the area of 
H2S abatement by coordinating the work of the 
many functional PGandE departments involved 
with H2S abatement. This responsibility 
includes assuring that the agreed-upon scopes 
of work, alternative approaches, and regula- 
tory commitments are met; schedules are 
established, updated, and maintained; costs 
are estimated and controlled; and that prob- 
lems, project status, and program modifica- 
tions, changes, or variations are promptly 
reported to management. 

The establishment of the position of Geysers 
Project Abatement Engineer, while establishing 
a single focal point for H2S abatement and 
indicating the importance that PGandE places on 
resolving the H2S abatement problem at 

The Geysers Project Manager is 

The Geysers power plants, did n o t  provide t h e  
necessary resources to solve certain abate- 
ment problems. As a result, in the past 
year, three different inter-department task 
forces were established to deal more effec- 
tively and more expeditiously with specific 
H2S abatement work. These task forces are: 
The Secondary Abatement Task Force, The 
On-Site H2S Abatement Task Force, and The 
Task Force for Decision Analysis on Units 
1-12. 

ON-SITE H2S ABATEMENT TASK FORCE - The Geysers 
Units 1-12 are direct-contact condenser units, 
not originally designed with H2S abatement as 
a consideration. Abatement systems for these 
units are "backfit" or "retrofit" technology 
systems. 

Six of these, Units 3, 4, 5, 6, 11, and 12, 
have been retrofitted with the iron/caustic/ 
peroxide system whereby the H2S is oxidized 
in the condensate to elemental sulfur; the 
emissions of H2S to the atmosphere are 
limited to that fraction that remains as 
dissolved hydrogen sulfide, sulfide, or as 
molecular H2S. These ironlcausticlperoxide 
abatement systems were developed by PGandE 
and installed within extremely restrictive 
regulatory constraints in order to achieve 
abatement as rapidly as possible. Normal 
design and construction practices were modi- 
fied to meet the regulatory deadlines. 
During 1979, the first full year of operating 
the iron/caustic/peroxide systems, PGandE 
found that the performance, maintenance, and 
reliability of these systems was unsatis- 
factory. Actions were initiated and continued 
throughout the year to improve and upgrade 
these systems; but late in 1979 it was recog- 
nized that a more coordinated effort was nec- 
essary to assure that the work would be com- 
pleted expeditiously. 
On January 4 ,  1980, an On-Site H2S Abatement 
Task Force was established to concentrate the 
effort on these abatement systems. This 
Task Force is specifically charged with 
assuring that the abatement systems for Units 
3 ,  4 ,  5, 6, 11, and 12 are upgraded and 
improved as appropriate. As a secondary 
purpose, the Task Force i s  upgrading the 
sulfur and iron sludge removal systems for 
the same units and the interim iron abatement /-- 
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systems at Units 2, 7, 8, 9, and 10. 
Initially, the Task Force identified the re- 
quirements needed to maintain reliable abate- 
ment systems and to resolve the outstanding 
problem; next, scopes of work were agreed 
upon and schedules were established. Physical 
work is well underway. 
include providing redundant pumps, adding and 
upgrading instrumentation, and providing 
complete system schematics and drawings. 

The Task Force Coordinator is a full-time 
position, reporting to the Geysers Project 
Office. On the Task Force are representatives 
of the following PGandE departments: 
Department of Engineering Research, Engineer- 
ing, General Construction, Steam Generation, 
and Division Operations (Geysers Power Plant). 
The Task Force collectively identifies and 
agrees upon work tasks. Responsibility for 
specific tasks is assigned to the appropriate 
departmental Task Force representative who 
assures that the task is completed in accord- 
ance with the established schedule. 

Typical work items 

While the work of this Task Force will not be 
complete until the end of this year, positive 
results have already been obtained in terms of 
improved reliability of these systems and more 
positive control of H2S emissions. 

THE SECONDARY ABATEMENT TASK FORCE - In 1975 
PGandE concluded from the operation and main- 
tenance problems associated with the iron 
catalyst abatement system, that it should not 
be continued on future units. This was not 
the technically and economically acceptable 
solution to the problem of H2S abatement that 
PGandE wanted. 

Starting with Unit 13 new Geysers units are 
equipped with surface condensers and Stretford 
systems for hydrogen sulfide abatement. With 
this system the H2S is separated from the con- 
densate in the surface condensers. Original 
estimates of distribution of H2S to the off 
gas in surface condensers ranged from 80 
percent to over 90 percent. The vent gas from 
the condenser is treated by the Stretford 
process. The Stretford process has been 
proven in use for some years in the oil re- 
fining industries. 

In June 1979, Geysers Unit 15, the first unit 
using a surface condenser and Stretford system 
for H2S emissions control, went into commercial 
operation. Operation of this unit showed that 
absorption of H2S into the steam condensate 
was greater than expected. 

Although the Stretford process itself is about 
99-blus percent efficient, removing essentially 
all of the H2S that reaches it as a gas, the 
overall H2S abatement efficiency is dependent 

upon the distribution of H2S that occurs in 
the surface condenser. 

H2S abatement regulations issued by the 
Northern Sonoma County Air Pollution Control 
District require Unit 15 and future units in 
Sonoma County to achieve an H2S release of no 
more than 100 g/GMHR after January 1, 1980. 
(For Unit 15 this is approximately 13.5 lbs/ 
hr.) The release could be further reduced as 
a result of these regulations to 50 g/GMHR 
on January 1, 1985. The Lake County Air 
Pollution Control District has issued similar 
regulations. 

At startup, Unit 15 did not meet these limits. 
Furthermore, surface condenser-Stretford 
systems by themselves may not be able to 
achieve these levels of abatement at other 
units. 

As a result, it was necessary to develop a 
supplementary or "Secondary abatement" for 
Unit 15 and the subsequent surface condenser/ 
Stretford system for Units 13, 14, and future 
units. 

Because of the complexity of the problem and 
the number of departments involved, the 
Geysers Project Office established a Task 
Force, in June 1979, to resolve the secondary 
abatement problem. Project direction is 
provided by the Geysers Project Abatement 
Engineer for the development of plans, objec- 
tives, and schedules to expedite secondary 
abatement development and implementation. 
This is accomplished through better communi- 
cation and a more unified approach between 
departments. The Task Force members represent 
the following PGandE departments: Department 
of Engineering Research, Mechanical and 
Nuclear Engineering, Civil Engineering, Siting, 
Steam Generation, Geysers Project Office, and 
a chemical engineering consultant. The Task 
Force meets every two or three weeks to 
discuss the secondary abatement development, 
engineering, construction, and operational 
problems. The necessary exchange of infor- 
mation is encouraged in this open forum with 
easy communication. Scheduling and control of 
all aspects of the secondary abatement work is 
expedited. 

T o  date, three processes have been identified 
and are being investigated for use as second- 
ary abatement systems at surface condenser- 
Stretford units. These are: 1) Hydrogen 
peroxide and hydroxyacetic acidliron catalyst 
injection into the condensate; 2) High temper- 
ature and pressure air oxidation treatment of 
condensate, and 3) Acid spray injection into 
the condenser. 
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The first two processes treat the condensate 
so that the H2S*is oxidized and remains in 
the condensate as soluble sulfates and thio- 
sulphates. The third process, acid injection, 
changes the condensate in the condenser from 
an alkaline to an acidic pH; consequently, 
the H2S is preferentially distributed in the 
surface condenser to the vent gas and deliv- 
ered to the Stretford process where the H2S 
can be distributed to the Stretford system. 

The regulatory timetable for controlling H2S 
emissions at the new units, Units 15, 13, and 
14, required us to proceed with the imple- 
mentation of some form of secondary abatement, 
even though none of these processes had been 
thoroughly tested. In view of these require- 
ments, PGandE decided to install the hydrogen 
peroxide and HAA/iron catalyst process based 
on the fact that it was furthest along in 
development. 

At the present time we are maintaining 
installation schedules for the process; we 
have met operational commitments for these 
systems at Units 15 and 13, and will do so 
at Unit 14. The initial months and weeks of 
operation of the hydrogen peroxide and HAA/ 
iron catalyst process have been satisfactory, 
and we are now awaiting longer-term operation 
and test results. 

In summary, the Secondary Abatement Task Force 
has served as a focal point where all the 
secondary abatement work, research, develop- 
ment, design, and construction can be 
coordinated. 

TASK FORCE 
UNITS 1-12 ~~ .~ 

Units 1-12 

ON A DECISION ANALYSIS FOR GEYSER? 
- As previously stated, Geysers 
are direct-contact condenser units 

which were not initially designed with H2S 
~ 

abatement as a consideration. Further, we 
are not satisfied with the iron/caustic/ 
peroxide system as a “final solution” to 
abating these units. Even though this system 
is installed at six of the twelve operating 
units and we are attempting to improve its 
operations through the previously-mentioned 
On-Site Task Force, we also believe that in 
the long term we need a better system; one 
that is more reliable, less detrimental to 
our power plants, more economic, and safer. 

We are actively considering and investigatinga 
large number of alternative abatement proces- 
ses and process combinations for long-range 
application at Units 1-12. Among the 
processes being considered, investigated, 
and/or developed are: EIC, Coury, Caustic 
Scrubbing, Acid Scrubbing, Iron/Caustic/ 
Peroxide Enhanced with Nalco Dispersant, Dow 
Iron Chelate Catalyst, Surface Condenser 
Backfit, Acid Injection into Condensate, 

Vacuum Stripping, Catalytic Air Oxidation, 
.High Temperature and Pressure Air Oxidation, 
Stretford, Takahax, Selectox, Incineration, 
and Fluidized Bed. 

Our most immediate concern in this area of our 
abatement work is the decision with respect 
to implementing an abatement system for 
Geysers Unit 7. We are now operating under a 
variance from the NSCAPCD regulations. This 
variance allows remaining direct-contact 
condenser units, Units 1, 2, 7, 8, 9, and 10, 
to operate with only natural abatement. 
(Except for certain periods based on meteoro- 
logical conditions when ”interim” abatement is 
used on Units 2, 8, 9, and 10.) Interim abate- 
ment is the use of the iron catalyst. This vari- 
ance is tied directly into the development of 
the EIC process which we have been investi- 
gating for long-range applications of that 
process at Geysers Unit 7. Recently, we 
requested and received a delay of that deci- 
sion until July 1980. 

Because of the ramifications and implications 
that this Unit 7 decision has on the remaining 
unabated units, and also on any decision to 
replace abatement systems at the s i x  units 
abated with the iron/caustic/peroxide, the 
Company initiated a formal, rigorous decision 
analysis to define the risks and establish a 
level of confidence in the resulting decision. 
To expedite the decision analysis process, 
another Task Force was formed. The specific 
objective of this Task Force was to analyze 
all the potential abatement methods and to 
make a recommendation for the decision to be 
made for Unit 7. In addition, recommendations 
were to be made regarding the other five 
unabated direct-contact condenser units and 
eventually for the possible replacement of 
the iron/caustic/peroxide at Units 3, 4 ,  5, 6, 
11, and 12. 

/-- 

Departments represented on this Task Force 
are: Department of Engineering Research, 
Engineering, Steam Generation, Siting, and 
the Geysers Project. An outside consultant 
has been hired to provide decision analysis 
techniques. This Task Force held its first 
meeting on January 30, 1980, and met regularly 
through the end of May. This Task Force has 
essentially concluded its work and the recom- 
mendations are being considered at this time 
by PGandE management for a final decision. 

CONCLUSION - The formation of special task 
forces to accomplish specific objectives has 
drawn together the various functional depart- 
ments to expedite and aid the effort to bring 
overall solutions to H2S abatement problems 
at The Geysers. 
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UTILITY PERSPECTIVES ON 

NORTHWEST E N E R G Y  PROJECTS 

V. V .  Johnson 
Washington Public Power Supply System 

P .  0. Box 968 
Richland, WA. 99352 509/375-5345 

Projections of Northwest e l e c t r i c a l  power 
suppl ies  during the  1 9 8 0 ' s  i nd ica t e  s h o r t f a l l s .  
The planning base f o r  t h i s  Northwest supply 
encompasses a l l  the  new generating resources 
under cons t ruc t ion ,  a s  well as some planned, 
b u t  not s t a r t e d ,  thermal generation. Of 
s ign i f icance  to  the Northwest i s  t h e i r  l a rge  
amount of hydroelectric generation which, in 
essence, forms the  base of the  whole Northwest 
power g r i d .  This generation comes from feder- 
a l ,  inves tor  and public u t i l i t y  owned dams 
on the  Columbia and Snake Rivers and t h e i r  
t r i b u t a r i e s .  The planning base f o r  the 1980 's  
assumes low water a v a i l a b i l i t y  from r a i n f a l l .  
This fo recas t  i s  based on the  lowest r a i n f a l l  
period encountered over t h e  period of time 
t h a t  records have been kept. For those from 
the  Northwest, t he  term "amount of snow pack" 
i s  ind ica t ive  of ava i lab le  water and hence 
ava i lab le  energy f o r  t he  ensuing year .  This 
equates t o  "h i tch ing  your generator t o  a 
cloud" b u t  i t  has worked well over t he  l a s t  
40 years and i s  being cons tan t ly  improved 
through additional reservoi rs  and r i v e r  flow 
management which maximizes power output.  
Periods of excess hydroe lec t r ic  power occur 
during the  spring runoff period when reservoi r  
capac i t i e s  have been exceeded and e l e c t r i c a l  
loads have been s a t i s f i e d .  This s i t u a t i o n  
reverses as the r i v e r  flow and reservoi r  
l eve l s  diminish in the  summer. Fall of t h e  
year p rec ip i t a t ion  supports winter loads unless 
aggravated by several c o l d  winters in w h i c h  
stream flow diminishes. Thermal p lan ts  have 
entered the generation picture i n  the l a s t  10 
years  along w i t h  the  advent o f  two coal p l an t s ,  
one in Oregon and one i n  Washington. Nuclear 
p lan ts  have entered with one p lan t  in Oregon 
operating and f i v e  in various s tages  o f  con- 
s t ruc t ion  in Washington. The reason f o r  t he  
en t ry  of la rge  thermal p lan ts  i s  t h a t  major 
hydroe lec t r ic  s i t e s  have been used. Remaining 
s i t e s  a r e  small or a r e  locked i n  wilderness 
o r  closed a reas .  Continued e f f o r t  i n  thermal 
generation must go on .  

Forecasting i n  the Northwest i s  a j o i n t  e f f o r t  
of t he  u t i l i t i e s .  Load growth estimates in 
the  l a t e  1980 's  a r e  i n  t h e  range of one new 
thermal pro jec t  per year.  Those pro jec ts  
have t o  begin very soon. These new thermal 
resources a r e  generally thought of as coal 

and nuclear. The existence of geothermal 
resources in the  Northwest provides another 
capab i l i t y  which may be u t i l i z e d  in the  
planning. In order t o  plan f o r  i t s  use, i t  
will  have to  be a commercially ava i l ab le  
system. The amount of e l e c t r i c a l  power provid- 
ed by t h i s  resource during t h e  1980 's  would 
not be l a rge .  I t  i s ,  however, ava i l ab le  
energy and needs t o  be considered and provided 
i f  reasonably poss ib le .  

I t  would be assumed t h a t  the  geothermal e lec-  
t r i c a l  energy could be accommodated whenever 
i t  was provided and in whatever quan t i t i e s  
were ava i lab le .  I t s  mode of use would be t o  
support the Northwest load which wi l l  allow 
schedule adjustments on major resources o r  
reservoi r  adjustments which improve hydro 
generation capab i l i t y .  Geothermal capab i l i t y  
i n  t h e  Northwest i s  awaiting ce r t a in  develop- 
ments. I n  the resource assessment develop- 
ment area i t  has been assumed t h a t  t he  major 
resource found wi l l  be moderate temperature 
hydrothermal in the  range of 30OoF. So f a r  
this i s  an assumption because the re  i s  lack of 
deep well d r i l l i n g  t o  r e a l l y  explore what 
e x i s t s .  So f a r  d r i l l i n g  i n  Washington and 
most of Oregon and the  major par t  of Idaho 
has been l imited t o  exploratory heat r a t e  
determination. New resources must be of a 
temperature compatible w i t h  ex i s t ing  tech- 
nology t o  provide the  incentive f o r  resource 
companies t o  do deep well drilling. This 
a c t i v i t y  needs s ign i f i can t  e f f o r t  in the  
Northwest. 

In s t i t u t iona l  and regulatory processes d i f f e r  
between the  s t a t e s .  
regula t ions  pertaining t o  usage and development 
of geothermal resources do not y e t  e x i s t .  
This i s  a major leg of the  development process. 
I t  has t o  be i n t a c t  before the  resource can 
be used. 

Equipment and process development capab i l i t y  
f o r  generating e l e c t r i c a l  power from moderate 
temperature resources i s  cur ren t ly  being devel- 
oped. Several development programs a re  under- 
way which u t i l i z e  the  binary system. Where 
is  the  location of t he  economic break point 
w i t h  regard t o  generating cos ts  u t i l i z i n g  
this system. 

Certain procedures and 

I t  has y e t  t o  be determined. 

I 
1 
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Describing these a c t i v i t i e s  in more everyday 
terms; there  needs to  be a n  i den t i f i ed ,useab le  
geothermal reservoi r  compatible with devel oped 
hardware, a l l  of which can be pulled together 
under a useable l icens ing  and s i t i n g  process. 

Each of t he  a c t i v i t i e s  mentioned above is  a 
major province of a d i f f e r e n t  agency. The 
users ,  which may be a resource company and 
a u t i l i t y  company or  a u t i l i t y  alone, have t o  
have support in b r i n g i n g  various portions of 
the  programs together.  
government should provide some incentive to- 
ward resource assessment and l a t e r  develop- 
ment of t h e i r  lands. An i n i t i a l  assessment 
may be enough t o  get t he  developer in t e re s t ed .  
The establishment of the  i n s t i t u t i o n a l  and 
regulatory process i s  a l so  the  province of 
the s t a t e  and federal  government. Support 
wi l l  be required from the  user. Equipment 
and process development stems from agencies 
such a s  the  federal  DOE, EPRI and the 
equipment companies. 
succeed without the  success of the  o thers  
b u t  hopefully the  successes wi l l  be very 
nearly on the  same schedule. 

Geothermal economics may be un fa i r ly  compared 
t o  other major thermal pro jec ts  i n  today ' s  
world. New thermal p ro jec t s ,  a t  bes t ,  can be 
on l i n e  in 1988, i f  i n i t i a t e d  now. To which 
economics do you compare, 1980 do l l a r s  o r  
do you compare 1988 do l l a r s?  
w i t h  f i r s t  generation hardware and the  u n -  
knowns ex i s t ing ,  today ' s  energy from geo- 
thermal i s  expensive b u t  don ' t  fo rge t  t he  
learning curve and the  increase e f f ic iency  
derived through operating experience. Also 
d o n ' t  forge t  t ha t  energy a v a i l a b i l i t y  may be 
more important than economics i f  one considers 
the  cos t  of o i l  generation and t h e  impact 
on regional economics; i t  might be worth- 
while t o  pay more f o r  your local energy 
sources. 

The s t a t e s  and federal  

None of these can 

Obviously, 

The only ex i s t ing  Northwest geothermal e lec-  
t r i c  a c t i v i t y  i s  the  federal  DOE'S projec t  
a t  the  Raft River Reservoir i n  Southern 
Idaho. I t  i s  the  5MWe binary system with 
a resource temperature s l i g h t l y  below 30OoF. 
Uti l iz ing  isobutane, t h i s  system wi l l  provide 
an idea of generation economics f o r  t h a t  
temperature u t i l i z i n g  spec i f i c  process 
equipment. Northwest u t i l i t i e s  a r e  p a r t i c i -  
pating i n  the pro jec t  through an agreement 
w i t h  the  DOE and the DOE engineering contrac- 
t o r ,  E G & G ,  a t  the  Idaho s i t e .  The principal 
e f f o r t  i s  t o  support EG&G during the  s t a r t u p  
and t e s t ing  of the  f a c i l i t y  and then have 
prime r e spons ib i l i t y  f o r  taking the  pro jec t  
through i t s  production t e s t i n g  phase t o  de te r -  
mine capabi l i ty  and real  production economics. 
There a re  a number of pro jec t  goals t o  be 
achieved b u t  the  major purpose of t h i s  endeavor 
i s  t o  determine whether t h i s  process equipment 
i s  economically compatible w i t h  o ther  energy 
cos ts .  In order t o  do t h i s  there  must be a 
careful separation of R&D cos ts  from those 
associated with normal production. The o ther  
things the  u t i l i t i e s  wish to  achieve from the  
pro jec t  a r e  or ien ta t ion  and experience, both 
w i t h  the  p l a n t  and  t h e  reservoi r .  No o ther  
reservoi rs  a r e  in use in the Northwest. 

There i s  ample geothermal energy i n  the  North- 
west. I t s  development in to  an e l e c t r i c a l  
qeneratinq capab i l i t y  i s  based on the  schedules 
of process equipment and resource develop- 
ment. There i s  a need f o r  a l l  ava i lab le  
e l e c t r i c a l  energy. Cost of t h i s  energy f o r  
the  fu ture  may very well be l e s s  important 
than i t s  a v a i l a b i l i t y .  

6 
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NOWHERN NEVADA JOINT UTILITY GEOTHERMAL PIiaJEcTT 

R. G. Richards 
Sierra Pacific Power Ccpnpany 

P. 0. Box 10100 
Reno, NV 89520 

Intrcduc tion 

A f t e r  approximately eight months of formation 
discussion between a rider of western 
u t i l i t i e s ,  a group of five companies defined a 
project scope, schedule and budget for assess- 
ing the prospects for electric p e r  production 
using Nevada geothermal resources. The project 
participants are Portland General E l e c t r i c ,  
Pacific Power and Light, Eugene W a t e r  and 
Electric Board, Sacraramto Municipal Utility 
D i s t r i c t  and Sierra Pacific Power Co. The 
project scope defined an "A" phase (Assessent), 
"B" phase (Design/Constr.) and a 'IC" phase 
(operation and further development). 
began during January, 1979. 

Background 

The project organization (Fig. 1) is a straight- 
forward arrangement of the participant cormit- 
tee, project manager and three consultants. 
Schwabe, Williamson & Wyatt was selected as 
the kgal-Regulatory consultant, G e o t h m  
S. Sanyal w e r e  selected to assess the prospec- 
t ive resources and Bechtel Power Corp. p e r f o m  
ed the plant configuration studies.  
ticipant cornnittee drafted contracting princi- 
ples and used them tD explore each developer's 
policies and attitudes. 

The original phase A schedule called for the 
resource consultant and participant cormittee 
t o  screen the responding developers to identiEy 
the t m  mst promising reservoirs. The Legal- 
Regulatory and plant configuration consultants 
would then aid the participant comnittee in 
selecting the best single resource for the 
project. Each consultantmuld then develop 
the single site specific details  in  its 
respns ib i l i t y  area and together w i t h  the con- 
tracting efforts of the participant conunittee 
muld produce a complete project evaluation. 
A Fourth Quarter '79 Letter-of-Intent between 
U t i l i t i e s  and producer wu ld  begin the process 
of resource contract negotiation and final 
project codtment .  
of participant agremzmts and beginning of 
plant detailed design w e r e  scheduled f i r s t  
quarter '80 phase "B" activit ies.  

Phase "A" 

The par- 

The conpletion of a n m h r  

Execution 

(702) 789-4321 

resource consultant issued a Request-for- 
Propsal for a 20 to 50 MWe flash steam plant 
resource supply to approximately thir ty  
Nevada geothermal lease holders. 
developers responding w i t h  scheduled northern 
Nevada d e v e l o p n t  programs, s ix  w e r e  seen to 
be reasonably near term. 
four developers operating i n  three resource 
areas; 
(Fig. 2 ) .  The developer's confidential data 
packages were  evaluated while dril l ing pro- 
grams prcceeded. 

The praject resource selection efforts w e r e  
frustrated by the general i rmMturi ty  of the 
reservoir developtent programs. One relative- 
l y  unsuccessful dril l ing program reduced the 
nmber of producers to three, but incomplete 
data packages still plagued the final selec- 
tion on marginal data during a dynamic 
dril l ing period, a l l  three resources muld 
be evaluated in  detail and the plant con- 
figuration A & E would proceed w i t h  their 
evaluation based on an appropriate range of 
characteristics. The reservoir a s s e s m n t  
cutoff point was extended from &c-'79 to 
March-'80, to coincide with the dril l ing 
programs, and provide a significant expansion 
i n  the reservoir data base. 

The A & E was i n i t i a l ly  asked to develop a 
single flash 115 psia turbine design and pro- 
ject eanomic analysis based on the range of 
parameters representing a l l  three resources. 
As the reservoir data evaluation and contract 
discussions progressed, it became a m a n t  
that the generally underpressured reservoirs 
were going to  be severely penalized i n  restric- 
t ed  f low rates to maintain delivery above 
115 psia. 
generally arms-length coordination bebeen 
producer and u t i l i t y  was not going to m r k .  
The ttm parties must m r k  together to a mn- 
siderable degree to achieve good resource 
uti l ization and ul t imtely the lowest cost 
energy. The A & E ultimately produced a range 
of designs and evaluations covering several 
turbine in l e t  pressures for  single flash 
systems and an 82/16 psia double flash design. 
Tm values for H S w e r e  also assured as non- 
condensible gas Lta availability was 
extrendy p r .  

Of the ten 

The project selected 

Beawawe, Desert Peak and Dixie Valley 

It b e m  very clear that the 

During May- I 79 the participant cormnittee and 
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Results 

Complete Legal-Regulatory and " fatal-flaw" 
level e n v i r o m t a l  requirements were  reported 
i n  a l l  areas studied for  both resource develop 
mt and plant operation. Project time ex- 
tremes are shown for  both 10 me mlti-well 
plants on private land and 50 MWe mlti-well 
plants on public land (Fig.3). A 10 Mwe 
transportable rmdular  p lant  w i t h  maxinnm shop 
fabrication might be on l ine i n  18 mnths, 
while a large "poured-in-place" f ield-erected 
plant could take as much as 42 rmnths. 

The reservoir a s s e s m n t  included geological, 
geographical scoping data, as available. 
torical information on exploratory d r i l l i ng  and 
observations was compiled. Drilling 
lithography, w e l l  test pressure, temperature 
and flow dynar~cs were tabulated, and both 
reservoir and we l l -bo re  dynamic camputer 
simulations w e r e  performed on each resource 
area. H y p o t h e t i c a l  sectional reservoir mdels 
were  provided, correlating a l l  w e l l s  and known 
stratagraphic information. A l l  reservoir 
production estimates required 80% o r  greater 
reinjection for  production lifetimes greater 
than 10 years. 
plant application or other techniques m y  be 
required i n  heavy scaling situations and punrrp- 
ed w e l l  operation probabilities w e r e  c i ted  a t  
a l l  three sites tor second generation replace- 
m t w e l l s .  Geo-ch&stry and f lu id  quality 
reports w e r e  provided from data available on 
both them1 and mn-th-1 waters. Resource 
selection and u t i l i za t ion  recxmnendations were 
made, ref lect ing the total of a l l  data gathered 
and simulated. It is the intent  of the project 
participants to continue to add data to this 
base a s  it bems available. 

H i s -  

F'mnpd w e l l  operation, binary 

The plant configuration 
considerable range of data. 
resulted i n  approxirrately $700/net KW (115 psia, 
0 H2S) and $900/net KW (82/16 psia, 50 p p  
H 2 S ) ,  excluding scine site specific owners costs. 
The comparisons indicate that for  resource 
contracts based on w e l l  production, it is cost 
effect ive to configure the plant design to 
minimize w e l l  pxduction requirements. 
Although H2S does not appear to be a signif- 
icant  problem, poor mn-condensable gas data 
prcanpted us to look a t  the cost impact of a 
range of values. 

assessment yielded a 
The e x t r m s  

As resource contract discussions intensified, 
it becam clear that  many developers did not 
ye t  have suff ic ient  confidence i n  their 
resource to consider large long-term supply 
mmnitrnents. Sore tiu-geted 50 MWe and greater 
supply contracts, but were  not ready to start. 
Others w e r e  ready, but related to 10 Mwe or 
20 Mwe agreements a t  the kginnirig. 

In  order t o  address the f u l l  range of con- 
tract prospects, the concept of small 
transprtable mdular generation units, which 
had been investigated by several of the 
u t i l i t y  participants, was integrated int~ the 
project in early 1980. 
mrtable uni t  concept has f a i r ly  broad appeal 

The mll trans- 

for 

* 

* 

* 
* 

* 

* 

* 

-. 
u t i l i t i e s  and &velo- alike. 

Early market Cornnibrent before sunk 
capi ta l  constraints 

Cash f low during tes t ing and assessmnt 
periods 

Inproved early reservoir production data 

Lower Capital r i sk  levels for  the 
u t i l i t i e s  

Prospects for  contract s i q l i f i c a t i o n  
and penalty reductions 

!l?ransprtable, i n  the event of a per- 
mnent resource delivery problem 

Relocatable to assist i n  new production 
zone assessmnts 

The Future 

The participant cornnittee is currently nego- 
t ia t ing  with a nwlber of producers, b th  i n  
the selected resource areas and i n  new areas, 
and anticipate a minirrnrm of 10 me on l ine 
during 1982 and or 50 MWe or  mre on l ine  by 
1984. 

A Letter-of-Intent has been signed by the 
u t i l i t y  participants to arrange for  the pur- 
chase of a transportable 10 Mwe rmdular 
binary generation plant and proceed w i t h  the 
f inal  resource contracting and permitting 
process. 
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MEAGER CREEK GEOTHERMAL PROSPECT, BRITISH COLUMBIA 
1979 PROGRESS REPORT 

Abstract 

J. Stauder 
B. C. Hydro and Power Authority 

555 West Hastings Street 
Vancouver, B. C. V6B 4T6 

The Meager Mountain Volcanic Complex, 
150 km north of Vancouver, B.C. has been a 
target of geothermal exploration since 1974. 
The study has been carried out jointly by 
B.C. Hydro, Energy, Mines and Resources 
Canada and co-funded by the Provinciql 
Ministry of Energy, Mines and Petroleum 
Resources. Results indicate presence of two 
geothermal reservoirs approximately 1 2  km 
apart (South - North) within permeable 
fractured quartz dior-ite basement complex at 
depths between 1000-2000 m. 
drilled holes were completed in the South 
Reservoir area during 1979 and drilling results 
are compatible with earlier electrical resist- 
ivity surveys. The highest temperature 
recorded was 202OC at 367 m. 

Three diamond- 

Introduction. Geothermal exploration 
program at Meager Creek was initiated in 1974 
by B.C. Hydro and Power Authority jointly with 
Energy, Mines and Resources Canada. The area 
is centered around a Pliocene to recent 
volcanic complex which is located about 150 km 
north of Vancouver in the Garibaldi Volcanic 
Belt of the Coast Mountains of British 
Columbia. Limited access and geographical 
features restricted the exploration methods 
and the speed of progress. 

Initial work partially identified two 
independent geothermal reservoirs- the South 
( o r  Meager Creek Reservoir) and North (or 
Pebble Creek Reservoir). The estimated 
surface area of the South and North Reservoir 
is approximately 20-30 square kilometres 
which could potentially represent a develop- 
ment of up to 1000 MW. 
has included dipole-dipole and pole-pole 
resistivity surveys, self-potential surveys, 
nine shallow and intermediate temperature 
gradient holes, detailed geologic mapping, 
geochemical and isotope studies, refraction 
seismic surveys, microseismic and magneto- 
telluric investigations. 
studies have been published o r  are in prepar- 
ation either by Energy, Mines and Resources 
Canada or B.C. Hydro. 

Work from 1974-1978 

Results of the above 

Recent Work (1979). The South Reservoir, 
as defined by the previous work, extends from 
No Good Creek on the west side to the eastern 
boundary which ends as an outflow plume feed- 
ing the Meager Creek hot springs. 
north, the reservoir continues toward Pylon 
Mountain dipping slightly under the volcanic 
complex. The southern boundary has not yet 
been defined. The total area of the South 
Reservoir is estimated between 8-10 square 
kilometres (Figure 2 ) . 

To the 

The 1979 program expanded on earlier 
data gathered in the Meager Creek area. 
main objectives were to confirm resistivity 
and obtain deeper temperature data; to locate 
a site for potential flow test well; and to 
confirm the western boundary of the South 
Reservoir. 

The 

Three intermediate holes were completed 
with excellent temperature results (Figures 
3-5). A l l  holes were 9.6 cm in diameter 
with 6.3 cm core. 
in our most successful hole M7-79D were 
between 2000C/km and 15000C/km. The hole 
reached a maximum temperature of 202.ZoC at 
367 metres. 

The temperature gradients 

Drilling on two of the 1979 holes, 
M6-79D and M7-79D, was done by a modified 
Boyles 56A diamond drill rig with high mast 
and elevated steel platform to accommodate 
3000 psi shaffer blow-out preventer (BOP) 
stack and rotating head. The drill is 
capable of boring a 10 cm diameter hole to a 
depth of 1600 metres. With further modific- 
ations this type of drilling equipment may 
play a major role in future geothermal 
exploration due to its cost effectiveness 
and portability. 

A Boyles 37A without BOP equipment was 
used to drill M8-79D where temperatures were 
expected to be less than 100°C. 
which has standing water at approximately 
55 m below the surface, is lined with 5 cm 
pipe perforated along the lower 55 metres. 
Hole M6-79D was abandoned after technical 
difficulties made further drilling impractical. 
M8-79D is presently being extended. 

Hole M7-79D, 

C 
4-36 



Work on the North Reservoir during 1979 
involved construction of an access road 
system including two river crossings. Dipole- 
dipole resistivity was also carried out to 
upgrade the resistivity information to a 
similar level as available on the South 
Reservoir. A total of 25 line-kilometres 
were surveyed identifying five major resist- 
ivity anomalies some of which would become 
future drilling targets. The Dipole-dipole 
resistivity is becoming the major geophysical 
exploration tool at Meager Creek. It is 
used for preliminary reservoir outline and is 
important in siting drilling targets. 
ature results in wells drilled to date appear 
to confirm the validity of the interpretation 
of resistivity surveys carried out in the 
Meager area. Other exploration methods which 
have been employed are temperature gradient 
drilling and profiling, self-potential 
surveys, geological mapping and geochemistry. 

Temper- 

Other Work. Other related work 
included isotope studies, slope stability 
mapping, hydrology, meteorology and air 
quality studies. The results will be 
published in the near future. 

Recommended 1980 Work The 1980 proposed 
work will expand on the 1979 results. The 
work is mainly designed to further define 
the South Reservoir boundaries and obtain 
a better understanding of the geothermal 
system. Also, there is a strong possibility 
of drilling a steam discovery well in 1980. 

In the North Reservoir, the main thrust 
of the work will be to drill a network of 
temperature gradient holes to establish the 
relationship between low resistivity and 
high temperatures, similar to the work carried 
out on the South Reservoir .  
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c 

I 
b 
W 

New Hole Old Hole 
Designat ion Des igna t ion  

Ml-74D 74-H-1 

M2-75D 

M3-75D 

M4-75D 

L1-78D 

M5-78D 

M6-79D 

M7-79D 

M8-7 9D 

75-H-1 

75-H-2 

75-H-3 

78-H-1 

78-H-2 

7 9-H- 1 

e, 
TABLE 1 

SUMMARY OF DIAMOND D R I L L I N G  (1974-1979) 

Date Col la red  Depth of Maximum BHT Gradient  a t  
Locat ion ( D r i l l e d  by) Depth(m) Overburden(m) Temperature(OC) Bottom (OC/km) Comments 

South 
Reservoir  
Outflow 
Plume 

South 
Reservoi r  

South 
Reservoi r  

South 
Reservoi r  

North 
L i l l o o e  t 
Val ley 

South 
Reservoir  

South 
Reservoir  

Nov 74 347 124 68 .9  

Sept  75  9 1  11 15.4 

Sept  75 87  65  35 .O 

Sept  75 6 0  1 2  20.8 

Sept  78 603  47 102 .8  

Oct 78 250  250  103 .7  

J u l y  79 321  15 .6  140 .8  

7 9-H-2 South Oct 79 367 26 
Reservoir  

79-H-3 South Nov 79  290 .4  1 0  
Reservoi r  

202 .2  

26 .8  

27 .7  

112 

365 

289 

211  

n . a .  

n .a .  

225 

156  

- making water 
a t  3 l/s 

- temperature  
i n v e r s i o n  i n  
overburden 
s e c t i o n  

- making water 
a t  0 . 3  11s 

- i n c l i n e d  a t  
-70' 

- t empera ture  
i n v e r s i o n  
between 387 
and 450m 

- temperature  
i n v e r s i o n  i n  
bottom s e c t i o n  

- t empera ture  
i n v e r s i o n  i n  
mid s e c t i o n  

- near  i s o t h e r m a l  
i n  bottom 
s e c t i o n  

- g r a d i e n t  
i n f l e c t i o n  
near  300m 

- e x t e n s i o n  
planned f o r  1980 



EDISON'S GEOTHERMAL PROGRAM - 1980 UPDATE 

George K.  Crane 
Sou the rn  C a l i f o r n i a  Edison  Company 

Pos t  O f f i c e  Box 800 
Rosemead, CA 91770 

(213)  572-2775 

I n t r o d u c t i o n  I n  1 9 7 5 ,  n e g o t i a t i o n s  
were i n i t i a t e d  w i t h  two major  r e s o u r c e  
d e v e l o p e r s  t oward  i n i t i a t i n g  power 
P l a n t  p r o j e c t s  a t  t h r e e  of t h e  I m p e r i a l  
V a l l e y  r e s o u r c e  a r e a s ,  Brawley, S a l t o n  
Sea  and Heber .  

The  p r o j e c t s  a t  Brawley  and  S a l t o n  
S e a  a r e  s u b s t a n t i a l l y  d i f f e r e n t  f r o m  
t h a t  a t  Heber i n  o b j e c t i v e ,  s i z e  and  
d e s i g n .  The r e a s o n s  f o r  t h e s e  d i f f e r -  

e n c e s  a r e  r e l a t e d  t o  t h e  d i f f e r e n t  
n a t u r e  of t h e  geothermal  b r i n e s  and t o  
d i f f e r e n t  o p e r a t i n g  p h i l o s o p h i e s  
of t h e  r e s o u r c e  d e v e l o p e r s  i n v o l v e d .  

The p r o j e c t s  a t  Brawley  and  S a l t o n  
S e a  i n c l u d e  t h e  c o n s t r u c t i o n  a n d  
o p e r a t i o n  b y  E d i s o n  of 1 0  M W  ( g r o s s )  
u n i t s .  T h e  c o n t r a c t s  w i t h  t h e  f i e l d  
d e v e l o p e r  f o r  t h e s e  r e s o u r c e s  are such  
t h a t  E d i s o n  w i l l  p u r c h a s e  s t e a m .  I t  
i s ,  t h e r e f o r e ,  t h e  d e v e l o p e r ' s  respon-  
s i b i l i t y  t o  d r i l l  and  c o m p l e t e  t h e  
g e o t h e r m a l  p r o d u c t i o n  and  i n j e c t i o n  
w e l l s ,  and t o  c o n s t r u c t  and o p e r a t e  t h e  
steam s e p a r a t o r s  and  f l a s h  v e s s e l s ,  
b r i n e  p r o c e s s i n g  equipment ,  i n j e c t i o n  
p u m p s ,  a n d  s t eam s c r u b b i n g  e q u i p -  
ment.  These u n i t s  a re  1 0  MW r a t h e r  t h a n  
50 t o  100 MW due t o  t h e  t e c h n i c a l  risks 
a s s o c i a t e d  w i t h  p roduc ing ,  h a n d l i n g  and 
i n j e c t i n g  t h e  v e r y  h i g h  s a l i n i t y  b r i n e s  
a t  t h e s e  l o c a t i o n s .  I n  a d d i t i o n ,  t h e  
r e l i a b i l i t y  o f  t u r b i n e  o p e r a t i o n  w i t h  
r e l a t i v e l y  i m p u r e  s t e a m  i s  a m a j o r  
conce rn  . 
The H e b e r  p l a n t ,  on  t h e  o t h e r  hand, w i l l  
u t i l i z e  a much c l e a n e r  r e s o u r c e .  The 
t e c h n i c a l  r i sk  i s ,  t h e r e f o r e ,  judged t o  
b e  s u b s t a n t i a l l y  lower .  The p l a n t  a t  
H e b e r  w i l l  b e  a commercial  45 MW u n i t .  
Ed i son  w i l l  buy b r i n e ,  and w i l l  own and 
o p e r a t e  a l l  o f  t h e  b r i n e  h a n d l i n g  
e q u i p m e n t  e x c e p t  f o r  t h e  w e l l s  a n d  
c o l l e c t i o n  m a n i f o l d s .  

A d e s c r i p t i o n  o f  t h e s e  power p l a n t  
programs f o l l o w s .  

Based on IEEE Geothermal  Power Genera- 
-- t i o n  - An A g g r e s s i v e  U t i l i t y  P rogram,  
George K.  Crane p repa red  for p r e s e n t a -  
t i o n  a t  I E E E  1980 J o i n t  Power Genera t ion  
Conference ,  Pheonix,  Ar izona .  9/29/80 

Brawley 1 0  MW Power P l a n t  P r o j e c t  A s  
o f  t h i s  w r i t i n n .  c o n s t r u c t i o n  of  t h e  
Brawley p l a n t  is' scheduled  f o r  comple- 
t i o n  i n  May 1980. It i s  schedu led  f o r  
f i r m  o p e r a t i o n  d u r i n g  t h e  s e c o n d  
q u a r t e r  of  1980. 

It  i s  t h e  o b j e c t i v e  o f  t h e  Brawley  
p o w e r  p l a n t  p r o g r a m  t o  a s s e s s  t h e  
t e c h n i c a l  f e a s i b i l i t y  o f  g e n e r a t i n g  
e l e c t r i c i t y  u t i l i z i n g  t h e  h i g h  s a l i n i t y  
Brawley geothermal  r e s o u r c e .  The p l a n t  
d e s i g n  i s  similar t o  t h e  proven  Geyse r s  
u n i t s ,  s i m p l e ,  r e l i a b l e ,  a n d  where  
p o s s i b l e ,  d e s i g n e d  f o r  low c a p i t a l  
c o s t .  It i s  des igned  t o  be  a model of  a 
full s c a l e  commerc ia l  p l a n t ,  u s i n g  
s y s t e m s  and  componen t s  w h i c h  l i k e l y  
w i l l  b e  u t i l i z e d  i n  l a r g e  s c a l e  
fol low-on u n i t s .  

The power p l a n t  and  steam p r o d u c t i o n  
f a c i l i t i e s  a r e  l o c a t e d  on a 4 h e c t a r e ,  
( 1 0  a c r e )  s i t e  a b o u t  3 k m  ( 2  m i l e s )  
n o r t h  o f  t h e  town of Brawley. 

The t u r b i n e  has  a n  o u t p u t  of 1 0  MW; t h e  
p l a n t  a u x i l i a r y  l o a d s  t o t a l  a b o u t  1 M W .  
The n e t  p l a n t  h e a t  r a t e  i s  a p p r o x i -  
m a t e l y  28 ,000  Btu/kWhr.  The  c a p i t a l  
c o s t  of t h e  p l a n t  i s  approx ima te ly  $11 
m i l l i o n .  T h e  t o t a l  p r o j e c t  c o s t  
i n c l u d i n g  some c o s t s  f o r  p r i o r  r e s e a r c h  
work i s  a p p r o x i m a t e l y  $16 .3  m i l l i o n .  
The  c o s t  o f  power g e n e r a t e d  by t h e  
p l a n t  i s  f o r e c a s t  t o  be a b o u t  17b/kWhr 
( 3 0  y e a r  l e v e l i z e d . )  

A few o f  t h e  n o t a b l e  d e s i g n  f e a t u r e s  
of t h e  p r o j e c t  f o l l o w :  

Steam Cond i t ion  and Turb ine  The steam 
f r o m  t h e  s u p p l i e r  i s  e x p e c t e d  b e  
d e l i v e r e d  a t  a r a t e  o f  8 7 , 0 0 0  k g / h r  
(209,000 l b / h r . )  a t  a s i n g l e  p r e s s u r e ,  
8 0 0  k P a  ( 1 1 5  p s i a )  a t  a p p r o x i m a t e l y  
s a t u r a t i o n  t e m p e r a t u r e  o f  1 7 0  O C  

( 3 4 0  O F )  w i t h  a maximum a v e r a g e  . 2 5 %  
m o i s t u r e ,  a maximum noncondensable  g a s  
l e v e l  of 2 %  by weight  of  steam, and a 
maximum of  50 ppm TDS i n c l u d i n g  mos t ly  
c h l o r i d e s  wi th  some s i l i c a .  These are 
o b v i o u s l y  v e r y  d i f f e r e n t  steam condi -  
t i o n s  t h a n  t h o s e  a s s o c i a t e d  w i t h  h i g h  
p r e s s u r e  f o s s i l  u n i t s .  

The t u r b i n e  i s  a 1 0 , 0 0 0  kw, 3600 rpm, 
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s i n g l e  f low,  s i n g l e  c y l i n d e r  u n i t  w i t h  
f i v e  impulse  s t a g e s ,  and a d e s i g n  back 
p r e s s u r e  of 1 3 . 5  k p a  ( 4 i n  Hg. )  The  
l a s t  s t a g e  b l a d e  l e n g t h  i s  280 mm (11.2 
i n . )  The u n i t  was f i r s t  conce ived  as 
p o r t a b l e ;  t h e  t u r b i n e  g e n e r a t o r  was, 
t h e r e f o r e ,  b u i l t  a s  a s i n g l e  s k i d  
mounted u n i t  i n s t a l l e d  a t  g r a d e  w i t h  a 
t o p  e x h a u s t  a n d  o v e r h e a d  c r o s s -  o v e r  
e x h a u s t  d u c t  t o  a s i d e  l o c a t e d  con-  
d e n s e r .  
C o n d e n s e r  & N C  Gas Removal  A s  i t  i s  
d e s i r e d  t o  r e t a i n  t h e  steam condensa te  
f o r  p r o c e s s  u s e ,  a s h e l l  a n d  t u b e  
condenser  i s  p rov ided .  It  i s  a c y l i n -  
d r i c a l  v e s s e l  w i t h  t h r e e  p a s s e s  on t h e  
water  s i d e  and  a s i n g l e  p a s s  on t h e  
s t e a m  s i d e .  C o r r o s i o n  r e s i s t a n t  
s t a i n l e s s  s t e e l  m a t e r i a l s  a r e  u s e d  
because  o f  t h e  o x i d a t i o n  p o t e n t i a l  of 
t h e  o x y g e n  a n d  H2S p r e s e n t  i n  t h e  
system. 

Approximately 1800 kg/hr  (4000 l b s / h r )  
of N C  g a s s e s  a r e  drawn f r o m  t h e  con-  
d e n s e r  w i t h  a steam j e t  a i r  e j e c t o r  
r e q u i r i n g  7200 kg /h r  (16 ,000  l b s / h r )  or 
abou t  8% o f  t h e  mot ive  steam. Two 200 
B H P  N a s h  vacuum c o m p r e s s o r s  w i t h  
ce ramic  coa ted  i m p e l l o r s  a r e  p rov ided  
t o  remove t h e  noncondensables  from t h e  
f i r s t  s t a g e  e j e c t o r  i n t e r c o n d e n s e r .  A 
second s t a g e  e j e c t o r  i s  provided  as a 
backup t o  t h e  vacuum pumps. 

C o o l i K W a t e r  S y s t e m  A c o n v e n t i o n a l  
two c e l l ,  i n d u c e d  d r a f t ,  c o u n t e r f l o w  
w e t  c o o l i n g  t o w e r  w i t h  a r a t e d  h e a t  
l o a d  of 2 0 0  M M  B t u / h r  p r o v i d e s  870  
l / s e c  ( 1 4 , 4 0 0  gpm)  c o o l i n g  w a t e r  
w i t h  a 5.5 O C  (10 O F )  approach  t o  w e t  
bu lb  t empera tu re .  

The  t o w e r  b a s i n  was epoxy  c o a t e d  for 
p r o t e c t i o n  i n  t h e  e v e n t  t h a t  t h e  a c i d i c  
c o n d e n s a t e  i s  u s e d  for makeup a t  a 
l a t e r  date .  I n i t i a l l y  makeup a t  a ra te  
o f  a b o u t  7 4 0 , 0 0 0  m 3 / y  ( 6 0 0  a c r e  
f t / y e a r )  will b e  Colorado6 R ive r  water 
p rov ided  t o  t h e  p l a n t  v i a  two a l t e r n a t e  
i r r i g a t i o n  c a n a l s  o p e r a t e d  by t h e  l o c a l  
w a t e r  d i s t r i c t .  A s  t h e  I m p e r i a l  
V a l l e y  i s  a r i c h  a g r i c u l t u r a l  area w i t h  
a l i m i t e d  water s u p p l y ,  a l t e r n a t i v e  
m a k e u p  w a t e r  s u p p l i e s  a n d  c o o l i n g  
sys t ems  are b e i n g  i n v e s t i g a t e d  toward 
m i n i m i z i n g  t h e  u s e  o f  a g r i c u l t u r a l  
i r r i g a t i o n  water. A c a n d i d a t e  approach  
w i l l  b e  t o  r e t r o f i t  t h e  p l a n t  w i t h  a 
d r y  tower t o  be o p e r a t e d  w i t h  t h e  wet 
tower.  

D e p e n d i n g  o n  t h e  s t eam s u p p l i e r s  
u l t i m a t e  need for steam condensa te  for 
p r o c e s s  u s e  and i n j e c t i o n ,  condensa te  
may become an  a l t e r n a t i v e  c o o l i n g  water 
m a k e u p  s o u r c e .  A n o t h e r  p o t e n t i a l  

s o u r c e  i s  t h e  h i g h  TDS a g r i c u l t u r a l  
d r a i n  water  wh ich  w i l l  r e q u i r e  sub -  
s t a n t i a l  t r e a t m e n t  p r i o r  t o  u s e  as  
makeup and may a l s o  n e c e s s i t a t e  t h e  u s e  
of l a r g e  e v a p o r a t i o n  ponds.  

The n e t  p l a n t  o u t p u t  w i l l  be connec ted  
t o  a n d  s o l d  t o  t h e  l o c a l  e l e c t r i c  
u t i l i t y .  U l t i m a t e l y  i f  t h e  technology 
p r o v e s  o u t ,  t h e  o u t p u t  o f  t h i s  a n d  
f o l l o w - o n  c o m m e r c i a l  p l a n t s  w i l l  b e  
e x p o r t e d  t o  t h e  Edison  system. 

Fol lowing  e s t a b l i s h m e n t  of f i r m  opera-  
t i o n ,  a one  y e a r  t e s t i n g  and e v a l u a t i o n  
program w i l l  be performed,  l e a d i n g  t o  a 
recommendation whether  t o  proceed  w i t h  
a 50 M W  o r  100 M W  c o m m e r c i a l  power 
p l a n t  a t  Brawley.  

H e b e r  4 5  M W  P o w E P l a n t  P r o j e c t  The  
Heber  p l a n t  i s  i n  t h e  e a r l y  d e s i g n  
- 
phase .  The f o r e c a s t  o p e r a t i n g  da te  7 s  
l a t e  1982 .  The  11 h e c t a r e  ( 2 8  a c r e )  
s i t e  i s  l o c a t e d  approx ima te ly  8 km ( 5  
m i l e s )  s o u t h  of t h e  c i t y  of E l  Cent ro .  
I t  i s  t h e  o b j e c t i v e  of t h e  H e b e r  
p r o g r a m  t o  e s t a b l i s h  a c o m m e r c i a l  
g e o t h e r m a l  power p l a n t  u t i l i z i n g  t h e  
low s a l i n i t y  b r i n e s  f r o m  t h e  Heber 
KGRA. 

The  c y c l e  s e l e c t e d  i s  a d o u b l e  f l a s h  
a r rangement .  Geothermal b r i n e  as a two 
p h a s e  m i x t u r e  i s  d e l i v e r e d  t o  t h e  
Ed i son  p l a n t  a t  a t e m p e r a t u r e  of 140 O C  

(290 O F )  and a maximum p r e s s u r e  of 410 
kPa  ( 6 0  p s i a )  a t  a r a t e  of a p p r o x i -  
m a t e l y  3 , 6 0 0 , 0 0 0  k g / h r  ( 8 , 0 0 0 , 0 0 0  
l b s / h r ) .  The b r i n e  i s  p iped  t o  a f i r s t  
s t a g e  b r ine / s t eam s e p a r a t o r  o p e r a t i n g  
a t  380  kPa  ( 5 7  p s i a ) .  The  steam i s  
p iped  t o  t h e  f r o n t  end of t h e  t u r b i n e .  
The u n s e p a r a t e d  b r i n e  f r o m  t h e  f i r s t  
s t a g e  s e p a r a t o r  i s  t h e n  f l a s h e d  i n  a 
second s t a g e  v e s s e l  p roducing  steam a t  
110 kPa  (16 p s i a )  which i s  d i r e c t e d  t o  
t h e  low p r e s s u r e  t u r b i n e  s t a g e s .  Two 
p a r a l l e l  s t r i n g s  o f  5 0 %  c a p a c i t y  
s e p a r a t o r / f l a s h  v e s s e l s  a r e  p l a n n e d .  

T h e  s t eam s e p a r a t o r s  a n d  t u r b i n e  
g e n e r a t o r  were purchased  under  a s i n g l e  
o r d e r .  

T h e  t u r b i n e  h a s  a r a t i n g  o f  5 2  M W  
( g r o s s )  a t  a 12 kPa (3 .5  i n .  Hg) back 
p r e s s u r e  a n d  i s  b e i n g  d e s i g n e d  a s  a 
s i n g l e  c y l i n d e r ,  d o u b l e  f l o w  b o t t o m  
e x h a u s t  u n i t  o p e r a t i n g  a t  1800  rpm. 

Condenser/NC Gas Rmeoval A s h e l l  and 
t u b e  condenser  w i l l  be provided .  F i r s t  
s t a g e  N C  g a s  r emova l  w i l l  b e  accom- 
p l i s h e d  w i t h  a steam e j e c t o r  w i t h  a 
vacuum pump provided  f o r  second s t a g e  
r e m o v a l .  B e c a u s e  t h e  H2S a n d  o t h e r  
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noncondensables  are  a t  such  a low l e v e l  
a t  t h e  Heber  r e s e r v o i r ,  no  s p e c i a l  
t r e a t m e n t  w i l l  be  r e q u i r e d .  
Cool ing  Water System The steam conden- 
s a t e  a t  t h e  Heber p l a n t  i s  r e t a i n e d  by 
E d i s o n  and  i s  u s e d  f o r  c o o l i n g  t o w e r  
m a k e u p .  S i n c e  1 0 0 %  i n j e c t i o n  i s  
r e q u i r e d  a t  H e b e r ,  a p p r o x i m a t e l y  3 .7  
m i l l i o n  m3/year (3000 a c r e  - f t / y e a r )  
o f  n e a r b y  r i v e r  w a t e r  w i l l  b e  i n -  
j e c t e d  i n t o  t h e  r e s e r v o i r .  To a v o i d  
p lugg ing  of t h e  i n j e c t i o n  wel l s ,  t h i s  
makeup i n j e c t i o n  water  w i l l  u n d e r g o  
t r e a t m e n t  p r i o r  t o  i n j e c t i o n .  A 
c o n v e n t i o n a l  1 0  c e l l  i n d u c e d  d r a f t  
wet tower w i l l  be used  f o r  h e a t  r e j e c -  
t i o n .  

I t  i s  p l a n n e d  t h a t  t h e  o u t p u t  f r o m  
t h e  Heber p l a n t  w i l l  b e  expor t ed  t o  t h e  
E d i s o n  s y s t e m  t h r o u g h  a soon- to -be -  
c l o s e d  i n t e r t i e  w i t h  t h e  I m p e r i a l  
Va l l ey  u t i l i t y .  E l e c t r i c a l  power w i l l  
b e  g e n e r a t e d  a t  1 3 . 8  k v  a n d  t h e n  
s t e p p e d  up t o  34.8 kv t o  t i e  i n t o  t h e  
u t i l i t y  g r i d .  

The a n t i c i p a t e d  h e a t  ra te  of t h i s  u n i t  
i s  30 ,000  Btu/kWh based on p r e l i m i n a r y  
h e a t  ba l ances .  The  p l a n t  c a p i t a l  c o s t  
i s  e s t i m a t e d  a t  $ 6 9  m i l l i o n .  T h e  
l e v e l i z e d  power c o s t ,  (1982 bas i s )  i s  
p r o j e c t e d  t o  be approx ima te ly  18C/kWh 
b a s e d  o n  a 7 5 %  c a p a c i t y  f a c t o r .  
For  comparison t h i s  f i g u r e  i s  c l o s e  t o  
t h e  c o s t  o f  o i l  g e n e r a t i o n  b u t  i s  
s u b s t a n t i a l l y  h i g h e r  t h a n  an  e q u i v a l e n t  
f i g u r e  f o r  new c o a l  g e n e r a t i o n .  

S a l t o n  S e a  9 M W  Power P l a n t  P r o j e c t  
S i n c e  t h i s  D r o i e c t  i s  s imilar  t o  t h a t  
-_------- - ---- ___-- 

a t  Brawley and i s  now o n l y  i n  t h e  e a r l y  
d e s i g n  p h a s e ,  i t s  d e s i g n  w i l l  n o t  b e  
d i s c u s s e d  i n  d e t a i l .  T h e r e  a r e ,  
however, s e v e r a l  no tewor thy  d i f f e r e n c e s  
between t h i s  and t h e  Brawley programs.  

The S a l t o n  Sea  KGHA i s  b e l i e v e d  t o  be 
t h e  l a r g e s t  and h o t t e s t  o f  t h e  I m p e r i a l  
V a l l e y  r e s o u r c e s ;  i t  w o u l d  a p p e a r  
t h e r e f o r e  t o  have t h e  h i g h e s t  commer- 
c i a l  v a l u e .  U n f o r t u n a t e l y ,  h o w e v e r ,  
numerous  w e l l  t e s t s  h a v e  shown i t  t o  
have  t h e  h i g h e s t  TDS l e v e l  b r i n e s ,  some 
up t o  300,000 ppm. 

A s  ment ioned,  t h i s  area was t h e  f i r s t  
I m p e r i a l  V a l l e y  r e s o u r c e  which Edison  
a t t e m p t e d  t o  d e v e l o p .  D u r i n g  t h i s  
e a r l y  d e v e l o p m e n t  e f f o r t ,  E d i s o n ' s  
wholly-owned f u e l  r e s o u r c e  development 
s u b s i d i a r y ,  Mono Power Co., became an  
u n d i v i d e d  25% owner  of a b o u t  1 0 , 0 0 0  
h e c t a r e s  (25,000 a c r e s )  of geothermal  
l eases .  A s  such ,  t h e y  are  p a r t i c i p a -  
t i n g  w i t h  two o t h e r  l e a s e  owners i n  a 
f i e l d  development r e s e a r c h  program t o  

de t e rmine  t h e  b e s t  method t o  hand le  t h e  
b r i n e  and produce steam. To da te ,  f o u r  
w e l l s  have been d r i l l e d ,  and a sys tem 
i n c l u d i n g  f l a s h  t a n k s ,  s team condense r s  
a n d  a n  i n j e c t i o n  s y s t e m  h a s  b e e n  
c o n s t r u c t e d  and o p e r a t e d .  T h i s  program 
w i l l  l e a d  t o  t h e  d e s i g n  and c o n s t r u c -  
t i o n  of f a c i l i t i e s  which w i l l  p r o v i d e  
steam t o  t h e  Edison  p l a n t .  

Some u n i q u e  s t r u c t u r a l  d e s i g n  c o n s i d -  
e r a t i o n s  may be r e q u i r e d  as t h e  p l a n t  

s i t e  i s  sur rounded on two s i d e s  by, and 
i s  immediately a d j a c e n t  t o ,  t h e  S a l t o n  
S e a .  The sea i s  r i s i n g  a t  a r a t e  o f  
s e v e r a l  i n c h e s  p e r  year; t h e  p l a n t  s i t e  
i s  now s e v e r a l  f e e t  below sea l e v e l  and 
i s  p r o t e c t e d  o n l y  by e a r t h e n  d i k e s .  
The w a t e r  t a b l e  i s  k e p t  below g r a d e  by 
an  a g r i c u l t u r a l  t i l e  d r a i n  system. The 
s u i t a b i l i t y  and  r e l i a b i l i t y  o f  t h e s e  
d i k e  and d r a i n  sys tems w i l l  have t o  be 
a s s e s s e d  i n  l i g h t  of t h e  s u b s t a n t i a l  
p l a n t  i n v e s t m e n t  t h e y  may b e  c a l l e d  
upon t o  p r o t e c t .  

The economics of t h e  S a l t o n  Sea  p l a n t  
are f o r e c a s t  t o  be s imilar  t o  t h o s e  of 
t h e  B r a w l e y  P r o j e c t ;  t h e  s c h e d u l e d  
o p e r a t i o n  d a t e  i s  J u l y ,  1982.  

R e l a t e d  G e o t h e r m a l  A c t i v i t i e s  I n  
a d d i t i o n  t o  t h e s e  t h r e e  power p l a n t  
p r o j e c t s ,  Ed i son  i s  pu r su ing  a number 
o f  c o r o l l a r y  a c t i v i t i e s  i n c l u d i n g  
r e s o u r c e  e x p l o r a t i o n  and a s ses smen t  and 
new t echno logy  a s ses smen t .  

Resource  E x p l o r a t i o n  E d i s o n ' s  s u b s i d i -  
a r y ,  Mono Power Co., i s  invo lved  i n  a 
c o n t i n u i n g  program of r e s o u r c e  e x p l o r a -  
t i o n  and  a s s e s s m e n t .  I n  a d d i t i o n  t o  
p a r t i c i p a t i o n  i n  deve lop ing  t h e  S a l t o n  
S e a  r e s o u r c e ,  Mono i s  w o r k i n g  w i t h  
a n o t h e r  r e s o u r c e  development company i n  
e x p l o r a t i o n  and l e a s i n g  of geo the rma l  
p r o s p e c t s  i n  a r e a s  of C a l i f o r n i a  
o u t s i d e  t h e  I m p e r i a l  V a l l e y .  Toge the r  
t h e y  own s e v e r a l  t h o u s a n d  a c r e s  o f  
l e a s e s  a t  v a r i o u s  s i t e s  i n  t h e  Mono/ 
Long Va l l ey  a r e a .  

When E d i s o n  i s  a p p r o a c h e d  by " t h i r d  
p a r t y "  r e s o u r c e  d e v e l o p e r s  w i th  o f f e r s  
t o  s e l l  Ed i son  geothermal  steam o r  h o t  
b r i n e ,  Mono's s ta f f  g e o l o g i s t s  per form 
a n a l y s e s  of t h e  r e s o u r c e  i n  terms o f  
i t s  p o t e n t i a l  s i z e  and  q u a l i t y ,  and  
p r e p a r e  recommendations a s  t o  whether  
E d i s o n  s h o u l d  p u r s u e  t h e  p r o s p e c t .  
T h i s  " i n -  house'' ' 'below ground" exper -  
t i s e  i s  a n  i n v a l u a b l e  complement  t o  
E d i s o n ' s  geothermal  u t i l i z a t i o n  a c t i v i -  
t i e s .  

Technology Assessment Through p a r t i c i -  
p a t i o n  w i t h  t h e  E l e c t r i c  Power Resea rch  
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I n s t i t u t e  m o n i t o r i n g  o f  t h e  U.S .  
D e p a r t m e n t  o f  E n e r g y ' s  g e o t h e r m a l  
p r o g r a m ,  and c o n t a c t  w i t h  numerous  
i n d i v i d u a l s  a n d  c o m p a n i e s ,  E d i s o n  
m a i n t a i n s  a w a r e n e s s  o f ,  and  i n  some 
c a s e s  p a r t i c i p a t e s  i n  t h e  development 
o f  new t e c h n o l o g i e s  o r  new a p p l i c a t i o n s  
of e x i s t i n g  t e c h n o l o g i e s  f o r  geothermal  
u t i l i z a t i o n .  F o r  e x a m p l e ,  E d i s o n  
i n t e n d s  t o  p a r t i c i p a t e  i n  t h e  c o n s t r u c -  
t i o n  and  t e s t i n g  o f  t h e  50  MW b i n a r y  
c y c l e  demons t r a t ion  power p l a n t  t o  be 
c o n s t r u c t e d  n e a r  E d i s o n ' s  f l a s h e d  s team 
p l a n t  a t  Heber.  

O the r  new t e c h n o l o g i e s  f o r  geothermal  
i n c l u d e  improved  and  a d v a n c e d  steam 
s e p a r a t o r s ,  mixed  p h a s e  exp-anders  a s  
p r i m e  m o v e r s ,  d i r e c t  c o n t a c t  h e a t  
exchange r s ,  down h o l e  h e a t  exchangers ,  
u p s t r e a m  ( o f  t h e  t u r b i n e )  and  down- 
s t r e a m  H2S r e m o v a l  s y s t e m s ,  as w e l l  
as  s y s t e m s  t o  u t i l i z e  h o t  r o c k  and  
magma where  w a t e r  i s  n o t  p r e s e n t  f o r  
h e a t  t r a n s p o r t .  

EXPECTED RESULTS 

A s  t h e  t h r e e  E d i s o n  p l a n t s  a n d  t h o s e  
d e v e l o p e d  by  o t h e r s  come o n  l i n e  
and  a r e  o p e r a t e d  f o r  s e v e r a l  y e a r s ,  
c r i t i c a l  i s s u e s  w i l l  b e  moni tored  and 
assessed i n c l u d i n g :  

T u r b i n e  r e l i a b i l i t y  a s  a f u n c t i o n  
of  steam p u r i t y  

Power p l a n t  O & M  c o s t s  

S t e a m  s u p p l y  s y s t e m  e q u i p m e n t  
r e l i a b i l i t y  

R e s e r v o i r  t e m p e r a t u r e / p r e s s u r e  
d e g r e d a t i o n  

O v e r a l l  p l a n t  e f f i c i e n c y  

Subs idence  

A i r  q u a l i t y  

Water consumption 

Noise 

Busbar energy  c o s t  

With p o s i t i v e  r e s u l t s  from t h e s e  pro-  
g r a m s ,  w a t e r  d o m i n a t e d  g e o t h e r m a l  
s y s t e m s  c a n  p r o v i d e  h u n d r e d s  a n d  
pe rhaps  s e v e r a l  thousand megawatts of 
b a s e l o a d  g e n e r a t i o n  i n  S o u t h e r n  
C a l i f o r n i a  i n  t h e  n e x t  two d e c a d e s .  
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I. Introduction During recent months, Magma 
Power Company has been involved in the shake- 
down and startup of their 10 Mw binary cycle 
power plant at East Mesa in the Imperial Valley 
of Southern California. 
been designed specifically as an R & D facility, 
with its primary goal to explore the necessary 
technology improvements required to make the 
binary cycle an efficient, cost effective and 
reliable conversion process. 

This pilot plant has 

Magma Power's exploration activities, carried 
out in other parts of the Western United States 
after the initial discovery and development at 
The Geyser's, gave evidence that The Geyser's 
type of steam reservoir was unique and that the 
majority of geothermal resources would be of 
the hydrothermal, or pressurized hot water type. 
Initial flow tests throughout different loca- 
tions where this type of resource was discov- 
ered indicated that well bore scaling occurred 
at the flash point in the wells. Initial eval- 
uations indicated that if the well fluid could 
be maintained under pressure as it traversed 
the well bore, the potential for scaling would 
be mitigated. Tests carried out in the late 
60's at Magma',s Brady Hot Springs development 
in Nevada indicated that scaling was mitigated 
with the installation of a pump in the geo- 
thermal well. 

Subsequently, designs were developed of a bina- 
ry process, utilizing heat exchangers for power 
generation. Magma was able to acquire process 
patents associated with this and had a patent 
issued (Magmamax Power Process). This incor- 
porates the concept of pumping a geothermal 
well and transferring the heat in the geo- 
thermal fluid to a secondary power fluid in 
heat exchangers. Magma's desire to demonstrate 
this technology was one of the prime moti- 
vations associated with the installation of the 
East Mesa plant. 
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Necessarily, much of the equipment and appli- 
cation methods being utilized are new and 
innovative. Realizing that efficiency improve- 
ments and reduced auxiliary power requirements 
are critical influences on final busbar costs, 
Magma has supported the philosophy of incor- 
porating innovative ideas into working hard- 
ware in their pil.ot facility. Operation to 
date has been predictably spasmodic, as tech- 
nical problems relating both to the plant and 
the reservoir have been identified and solu- 
tions are being worked out and implemented. 
The plant has operated up to a gross output 
level of about 7 M w ,  and has sustained peri- 
ods of continuous operation (several weeks) at 
a 3 to 4 Mw level. Since there has been a 
certain amount of speculation in the industry 
about the nature of our initial difficulties 
at East Mesa, we feel it would be of value to 
discuss the preliminary experiences to date, 
outlining first how we "arrived" at where we 
are today by relating some project history and 
design philosophy, and finally reviewing some 
of the preliminary operating experience. 

11. Project History When this plant was first 
conceived the site for the plant was to be 
Brady, Nevada. The brine at Brady was approx- 
imately 325OF and relatively clean. Later the 
plant site was switched to Mammoth, California 
where brine conditions were a little hotter 
than Brady. Both of these locations were 
abandoned for several reasons. 

In September of 1975 Magma obtained 5,000 acres 
of the East Mesa Known Geothermal Resource Area 
(KGRA) in being the successful bidder for the 
southern area of the field when the lease sale 
was initiated by the Bureau of Land Management. 
In early 1976 two deep test wells were drilled 
and subsequent flow tests with a diesel driven 
pump indicated that the reservoir conditions 
at this particular location in the East Mesa 
field would be ideal for testing and demon- 
strating the Magmamax Power Process. 



The i n i t i a l  exploration w e l l s  were j o i n t l y  
funded by Magma and i t s  Imperial Valley part-  
ner,  New Albion Resources Company. Magma 
subsequently entered i n t o  an agreement with 
New Albion Resources Company t h a t  allowed 
Magma t o  develop the f i r s t  65,000 Kw of power 
generation a t  the East Mesa f i e l d  on t h e i r  own. 
This s e t  the stage fo r  Magma t o  i n i t i a t e  the 
project .  J. Hilbert  Anderson, Inc. was selec- 
ted t o  do the detai led engineering o f , t he  proj-  
e c t  and purchase the major equipment fo r  
Magma's account. The Anderson organization 
had been associated with Magma throughout the 
development of the Maqmamax Power Process. 

Another motivation fo r  the construction of the 
p l an t  was t o  develop reservoir  information on 
Magma's leases i n  the East Mesa f i e l d  t o  pro- 
vide confidence t o  allow major power p l an t  
construction t o  be i n i t i a t e d .  There have been 
many academic s tudies  made of the East Mesa 
reservoir  and indications a re  t h a t  there i s  a 
s ign i f i can t  po ten t i a l  fo r  development. HOW- 
ever without concrete well production infor- 
mation and long term t e s t ing  the confidence 
l eve l  associated with reservoir  productivity 
and po ten t i a l  i s  r e l a t i v e l y  low. Magma was 
confident t h a t  there  would be an adequate re- 
source t o  provide the necessary volume of 
f l u i d  fo r  the small p i l o t  p l an t  and therefore 
made no attempt t o  assess the po ten t i a l  of the 
reservoir ,  knowing t h a t  t h i s  would be a f a l l -  
out associated with the operation of the 
project .  

In the f a l l  of 1976 the f i n a l  engineering was 
i n i t i a t e d .  In the spring of 1977 the infor- 
mation necessary t o  be f i l e d  with the Federal 
government was completed and submitted t o  the 
o f f i ce  of the -ea Geothermal Supervisor of 
the United S ta t e  Geological Survey. A f i e l d  
t r i p  was scheduled i n  July of 1977 by USGS for  
interested p a r t i e s  t o  view the s i te .  The 
environmental section of the USGS geothermal 
group completed, and submitted f o r  review, the 
d r a f t  environmental analysis  i n  September 1977. 
The contractors for  the construction of the 
p ro jec t  were selected during the f a l l  of ' 7 7 ,  
the  construction permit was obtained from USGS 
i n  ea r ly  January of '78 and f i e l d  construction 
was i n i t i a t e d  immediately the rea f t e r .  

Plant  construction was completed i n  mid-1979 
and i n i t i a t i o n  of preliminary checkout activ- 
i t i es  p r i o r  t o  s t a r tup  followed. During the 
i n i t i a l  operations the p ro jec t  was plagued 
with more than i t s  share of mechanical f a i l -  
ures,  earthquakes and the l i k e  which caused 
i n i t i a l  power generations t o  be delayed u n t i l  
February of 1980. Several improvements have 
been made t o  the plant .  Some improvements 
have been based on improving r e l i a b i l i t y  of 
equipment and others have been made t o  enhance 
equipment performance. A t  the present time 
(spring 1980) the p ro jec t  i s  f u l l y  operational 
with the exception of the propane system. 

The propane system remains t o  be flushed and 
checked out p r io r  t o  s t a r tup  of t h a t  system's 
additional power generating capabi l i ty .  

111. Permits Since the p ro jec t  was associ- 
ated with the Federal Leasing Act the Federal 
government was the lead agency of the project .  
The Bureau of Land Management i s  the lessor ;  
however they have yielded t o  the United S ta t e s  
Geological Survey fo r  t h e  purposes of admin- 
i s t r a t i n g  the lease provisions on Federal lands 
fo r  geothermal development. Early i n  the dis-  
cussions with the Federal agencies it was re- 
cognized t h a t  the Magma plant  would be a 
pioneering e f f o r t  i n  permitt ing,  since it 
would be the f i r s t  operating geothermal p l an t  
on Federal lands. A t  the time t h a t  the proj-  
e c t  was proposed, the Bureau of Land Manage- 
ment had only yielded t o  the USGS fo r  adminis- 
t r a t i o n  i n  the matter of d r i l l i n g  wells and 
production t e s t ing .  Therefore, discussions 
were necessary t o  determine i f  the Bureau of 
Land Management would be the lead agency fo r  
the power p l an t  o r  i f  they would, i n  turn,  
continue t o  use USGS i n  t h a t  ro l e .  A f i n a l  
resolution was made and adopted orders were 
established indicat ing t h a t  for  p ro jec t s  which 
were 25 megawatts o r  less and were research 
and development i n  nature,  the U S G S  would be 
the lead agency for  the power p l an t  construc- 
t ion.  I f  the f a c i l i t y  being proposed was 
larger  than 25  megawatts the Bureau of Land 
Management would be the lead agency associated 
with l icensing of the power plant .  

A Plan of U t i l i za t ion  was prepared by Magma 
f o r  presentation t o  the USGS t o  i den t i fy  the 
p ro jec t  f o r  the purposes of writ ing an environ- 
mental assessment. Since the p ro jec t  was on 
Federal lands, the USGS environmental sect ion 
i n  the Area Geothermal Supervisor 's  o f f i c e  was 
assigned the responsibi l i ty  f o r  wri t ing the 
environmental assessment, having input from 
the operator i n  t h e i r  plan of u t i l i z a t i o n .  A 
companion plan required by the operator i s  a 
plan of production which i d e n t i f i e s  the w e l l  
operations associated with the project .  I n  
the regulations associated with t h i s  there i s  
a requirement t h a t  environmental baseline da t a  
be presented a s  p a r t  of the plan of production. 
The environmental baseline information has t o  
be acquired f o r  one year p r i o r  t o  the i n i t i a -  
t i on  of production. The USGS has established 
guidelines fo r  the acquis i t ion of environ- 
mental information. The Department of Energy 
had sponsored, through Lawrence Livermore 
Laboratory, the acquis i t ion of baseline da t a  
i n  the Imperial Valley a s  p a r t  of an overal l  
Imperial Valley project .  The LLL group had 
acquired a considerable amount of environmental 
data  i n  the East Mesa area and the bulk of the 
requirements associated with the USGS guide- 
l i n e s  was provided by the Lawrence Livermore 
Laboratory project .  An unfortunate s i t ua t ion  
associated with t h i s  was t h a t  the spec i f i c  
format of some of the aspects of the LLL data  
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acquisition did not satisfy the specific re- 
quirements of the USGS environmental data base 
guidelines. Negotiations with the two Federal 
agencieswere required to provide the infor- 
mation in a format that was satisfactory to 
the responsible agency. 

One of the frustrating aspects of initiating a 
project associated with an environmental re- 
view is determining which are the specific 
organizations that are required to "sign off" 
on the project. The project was delayed for a 
period of time before the final permit issuing 
because it was overlooked that the State of 
California State Historical Preservation 
Officer had some jurisdiction associated with 
the particular method in which archaeological 
artifacts were to be collected and disposed of. 
This required a series of meetings and dis- 
cussions between the USGS offices and the SPHO 
offices to resolve the differences so that a 
permit could be issued. One of the difficul- 
ties associated with the archaeological review 
is that an investigation is required prior to 
issuing permits to determine if there are 
archaeological artifacts which require collect- 
ing. However, the collection of these arti- 
facts and cataloging of them cannot be done 
until a permit is issued. Something should be 
done that would enable the artifacts to be 
collected very shortly after the time that the 
initial survey has been done. If long delays 
occur, a completely new survey is often re- 
quired and a different set of artifacts to be 
collected is established. This survey then 
does not correlate entirely with the surveys 
that were done at the time of the initial work. 
To avoid future confusion, Magma had a survey 
and collection made of the entire section that 
the plant is incorporated in so that if ex- 
pansion is carried out in the future there will 
not be a requirement for additional artifact 
collection. 

Another aspect t h a t  required s o m e  pioneering 
associated with the licensing for the plant 
was that of relations between the local agency 
(County of Imperial) and the Federal agency. 
Initially the County of Imperial took the 
position that the developer would be required 
to obtain a conditional use permit from the 
County Planning Commission. 
resolved that this would not be required. 
County of Imperial would input their assess- 
ments associated with the project to the 
Federal agency. The Federal agency would in 
turn respond to this, and incorporate it into 
their permitting requirements and environmen- 
tal analysis. 

It was ultimately 
The 

An agreement was reached that inspections and 
pewits associated with excavation and build- 
ings were to be provided by the County Build- 
ing Department but inspection associated with 
everything else on the project would be car- 
ried out by Federal personnel. Also the local 

Air Pollution Control District was utilized 
for the permitting associated with air 
emissions, and the California Water Quality 
Control Board was utilized for permitting of 
the water discharges from the plant. There- 
fore, permits were issued on the overall proj- 
ect by the USGS, excavation and building 
permits were issued by the County of Imperial, 
the Air Pollution Control District permit was 
issued by the local APCD agency and the water 
discharge permit for the blowdown from the 
cooling system was issued by the California 
Regional Water Quality Control Board. 

IV. Design Philosophy Being intimately 
familiar with the technical difficulties 
associated with flashing a well, we decided 
to move ahead with the development of a vapor 
turbine power cycle. Because of ever esca- 
lating drilling costs, it was imperative that 
the energy extracted from each pound of brine 
be maximized. The plant was to be well in- 
strumented in order to learn as much as 
possible for the design of larger plants. 
The principal goal would be to gain infor- 
mation useful in optimizing the economics of 
such larger plants. 

It was expected that there would be a number 
of technical un'zertainties associated with 
the design of an entirely new system. First 
of all, the wells were to be pumped, as 
opposed to allowing the brine to flash to 
steam. Pumping offers certain advantages. 
For a given size well, more energy can be re- 
covered by pumping than by free-flowing. 
essence, a mechanical pump is a great deal 
more efficient than a steam lift pump. Pump- 
ing the well, however, presented the techni- 
cal difficulty of handling hot brine. Exist- 
ing deep well pimp technology certainly left 
a lot to be des-ired. 

In 

Since we would use pressurized fluid from the 
wells,  designinq a power cycle using a taper- 
ed heat source was a challenge requiring 
innovative cycle design. 

Since the geothermal brine contained various 
dissolved minerals and gases, the question 
arose as to what deposits, if any, would 
collect on the heat exchanger tubes, piping, 
and associated brine equipment. In choosing 
to use heat exchangers it might be inviting 
a difficult cleaning problem. In addition to 
unwanted deposits, we did not know the degree 
of corrosion that might be encountered. 

Construction of the heat exchangers alone 
would be a significant design achievement, 
This is not to say that heat exchangers han- 
dling hotter water and more corrosive fluids 
have not already been built, but for this 
particular application, a substantially large 
surface area would be required. Whatever the 
heat exchanger configuration might be, we knew 

5-3 



we had to cope with a thermal expansion diffi- 
culty. This would require particular attention 
so that the heat exchangers would prove to be 
reliable. The proper combination of materials, 
tubes, tube sheets, and expansion devices would 
have to be closely and carefully designed. The 
heat exchangers would have to be designed in a 
way that would permit them to be easily in- 
spected and cleaned if necessary. 

Isobutane was selected as the primary working 
fluid. From a thermodynamic and cycle per- 
formance standpoint, this fluid appeared to be 
best. However, in handling isobutane there 
would be some technical uncertainties that 
would have to be incorporated into the design. 
Isobutane's thermal properties were not com- 
pletely established. The best data available 
would be used, but there would still be some 
question about the accuracy of the properties. 
We would have to handle high velocity, dense 
gas flows throughout the loop. The heat ex- 
changer sealant materials and joint designs 
had to be capable of preventing brine leakage 
into the isobutane circuit. Segregation of 
liquid in the boiling regime and balancing of 
the heat exchangers would be a potential prob- 
lem. This had to be carefully analyzed to in- 
sure proper heat exchanger operation. 

The isobutane turbine would be a new piece of 
equipment. A specific isobutane turbine was 
not anoff-the-shelf item. The problem of de- 
signing a turbine with no prior testing avail- 
able had to be faced. The turbine would have 
its own thermal expansion, sealing, materials, 
and bearing problems. Pumps, valves, and other 
hardware components had to be carefully select- 
ed. 

Probably the most significant technical hurdle 
was how to dispose of large quantitites of heat 
to the atmosphere. This is quite simple when a 
large cool river is flowing nearby. Unfortu- 
nately, many geothermal areas are not near such 
sources and therefore, other means of disposing 
of heat would have to be found. The difficulty 
of disposing of heat to the atmosphere is mag- 
nified because of the fact that the geothermal 
source is basically a low temperature heat 
source. It is well known that as the tempera- 
ture difference between the high temperature 
source and the low temperature sink in a ther- 
mal power system decreases, the quantity of 
heat that must be disposed of to a low tempera- 
ture sink increases significantly (Carnot cycle 
efficiency). Consequently, in a geothermal 
plant using approximately 300°F source water 
almost six times as much heat would have to be 
disposed of as would be required in a coal or 
oil fired plant of the same size operating at 
high temperature and pressure. Cooling systems 
are indeed a very costly and important engi- 
neering consideration in the design of a re- 
latively low temperature geothermal power plant. 

Many technical uncertainties would be associ- 
ated with the construction of the plant it- 
self. The contractor would be constructing 
something unlike anything he had ever con- 
structed before. In a cycle such as this, it 
would be necessary to keep dirt out of the 
system and there would be numerous special 
construction considerations which would have 
to be observed. 

It was recognized that we faced a number of 
hurdles in designing a reliable and economic 
power plant. As a result there are a number 
of innovative approaches that have been taken 
to accomplish our objective. It was recog- 
nized that existing well pump technology may 
not be adequate for these hot water wells. 
Nevertheless, we included the task of pump 
development in our test program, knowing that 
the only way to solve this problem was to test 
hardware under actual operating conditions. 
Preliminary pump testing with modified con- 
ventional water well pumps had established a 
reasonable chance of success, and we realized 
that there were new methods of well pumping 
being developed which may improve reliability. 
The useful energy that could be obtained from 
a given well by pumping the well compared to 
flashing the wel1,as well as mitigating down- 
hole scaling, prompted this decision. 

The next major innovative approach was to keep 
the brine under pressure thru the heat ex- 
changers and into the reinjection wells. This 
has several distinct advantages. By keeping 
the brine under pressure, carbon dioxide would 
not be released. This means that the dissolu- 
tion of carbonates on the heat exchanger tubes 
should be lessened. Other gases as well 
could remain in the brine so that we would not 
have a gas disposal problem to deal with. By 
keeping the brine side under pressure we would 
be able to keep air out of the water and there- 
fore reduce the possibility of corrosion. 
Another advantage to keeping the brine under 
pressure is that the heat exchanger tubes 
could have thin walls, since the pressure dif- 
ference between the working fluid and the 
water would be reduced. A major difference 
between the heat source for this plant and for 
a conventional power plant is that it is a 
"tapered" heat source. This means that the 
temperature of the brine would drop contin- 
ually as heat is removed during its flow thru 
the plant. Tailoring a system to this tapered 
heat source required considerable effort in 
the design of the cycle and its associated 
heat transfer equipment. 

After much analysis of existing heat exchanger 
equipment and "off-the-shelf heat exchangers" 
we ended up designing our own. They are of 
the true-counterflow type with a relatively 
small pressure difference from the brine side 
to the power-fluid side. The pressure drop on 

5 - 4  



both the power-fluid s ide and on the brine 
side was much lower than would normally be en- 
countered i n  a heat exchanger of t h i s  s i ze  and 
type. The long, small-diameter heat exchangers 
were designed with new tube supports and unique 
tube sheet j o in t s .  Special  tooling was de- 
signed and b u i l t  t o  produce the tube supports 
and t o  a t t ach  the thin-wall tubes i n t o  the 
tube sheets. A t  l e a s t  one end of the heat 
exchangers would have t o  be f loa t ing  or  be 
capable of taking expansion. The heat ex- 
changers, approximately 70 f t .  long, would 
d e f i n i t e l y  have t o  be able t o  handle thermal 
expansion and contraction. As mentioned above, 
the heat exchangers would have t o  be capable of 
being cleaned on the br ine s ide.  This meant 
t h a t  the s h e l l  would have t o  be removed o r  the 
tube bundle would have t o  be extracted.  Batch 
cleaning of the br ine s ide  i s  a poss ib i l i t y .  

Isobutane was chosen a s  the power f lu id .  
Thermodynamically it appeared t o  be the bes t  
choice. We recognized, however, t h a t  it i s  a 
flammable gas and we would necessarily have t o  
provide addi t ional  safety and f i r e  protection 
equipment. Throughout the e n t i r e  cycle, iso- 
butane would be above atmospheric pressure so  
there i s  no danger of a i r  enter ing the system. 

Choosing a power turbine fo r  the isobutane was 
a sensi t ive engineering consideration. Un- 
for tunately,  most of the "off-the-shelf" ex- 
panders had ce r t a in  disadvantages fo r  u t i l i -  
zation i n  t h i s  cycle. One major consideration 
was t h a t  the turbine had t o  have an effect ive 
sha f t  sealing system. Furthermore, it must be 
t i g h t  a t  shutdown. Although such a sealing 
system i s  standard on refrigeration-type turbo- 
machinery, it was not avai lable  i n  expander- 
type turbomachinery. In addition t o  dr iving 
the main generator with a power-fluid turbine,  
it was decided t o  a l so  dr ive the boiler-feed 
pump with a power-fluid turbine.  In  t h i s  type 
of power cycle,  there i s  a s ign i f i can t  advan- 
tage t o  using power-fluid turbines t o  drive a s  
many of the major pieces of auxi l iary equip- 
ment as  possible.  Besides increasing the over- 
a l l  eff ic iency of the cycle and providing the 
advantages of var iable  speed dr ive,  t h i s  
approach a l so  reduces the e l e c t r i c a l  p a r a s i t i c  
losses.  Magma decided t h a t  it was important 
t o  gain design, application, and operating 
experience with t h i s  type of subsystem, and 
the main cycle boiler-feed pump drive was 
chosen a s  the bes t  t e s t i n g  location. In  larger  
p l an t s ,  addi t ional  power-fluid turbines would 
be used t o  dr ive addi t ional  equipment l i k e  
cooling water and condensate pumps. 

The decision was made t o  design the isobutane 
turbines and have them b u i l t  t o  our specifica- 
t ions by a r e f r ige ra t ion  turbomachinery manu- 
facturer .  Several design innovations were 
incorporated i n t o  the turbines.  Both the main 
and boiler-feed pump turbines dr ive t h e i r  ul- 
timate loads thru speed-reducing gears. In  

future ,  larger  p l an t s ,  the turbines w i l l  prob- 
ably be direct-coupled t o  t h e i r  respective 
loads, e i t h e r  operating a t  generator speed or 
having in t e rna l  gears t o  provide the proper 
dr ive sha f t  speed. For t h i s  small p i l o t  fa- 
c i l i t y ,  external. gear boxes a re  used. 

Another important innovation i n  the turbine- 
gear design was the u t i l i z a t i o n  of a q u i l l  
sha f t  and disk type coupling. The q u i l l  
sha f t  permitted the use of the smallest  pos- 
s i b l e  mechanical sha f t  seal .  Furthermore, 
the q u i l l  sha f t  i s  an extremely good tors ional  
i so l a to r .  The f l ex ib l e  disk elements transmit 
no th rus t  t o  the turbine from the gear. The 
coupling, which runs between 6,000 and 7 ,000  
rpm, i s  non-lubricated, e a s i l y  removed, and 
is  v i r t u a l l y  maintenance f r ee .  I t  w i l l  a l so  
operate a t  considerably more misalignment 
than any other high-speed coupling. The power 
f lu id  turbines u t i l i z e  a sha f t  mounted o i l  
pump and in t e rna l  lubricat ion system. 

To gain fur ther  eff ic iency i n  the process it 
was decided t o  incorporate an addi t ional  hy- 
drocarbon loop i n t o  the system. Very simply, 
t h i s  amounted t o  two separate Rankine cycles 
operating off the same heat  source. The 
spec i f i c s  of the cycle a re  discussed else- 
where i n  t h i s  paper. Propane was chosen as  
the working f l u i d  i n  the lower temperature 
cycle. This cycle is referred t o  as  a "dual 
f l u id"  cycle and i s  e s sen t i a l ly  a "bottoming" 
cycle. 

The dual-fluid cycle required a heat exchange 
between the isobutane and the propane cycles. 
A radical ly  new recuperator was conceived 
t h a t  permits phase change and excel lent  heat 
t r ans fe r  with a minimum of pressure drop. 
Once again, the design of t h i s  pa r t i cu la r  heat  
exchanger required considerable innovation i n  
terms of the s h e l l  design, tubes, and tube 
supports. The exchanger was designed by us 
and b u i l t  t o  our specif icat ions.  

An overal l  design consideration throughout the 
e n t i r e  engineering approach was t o  maintain 
p a r a s i t i c  losses  a s  low a s  possible.  This 
meant t h a t  pa r t i cu la r  care must be given t o  
piping, valves,  auxi l iary systems, turbine 
eff ic iency,  e t c . ,  i n  order t o  minimize over- 
a l l  p l an t  losses.  

One of the major design innovations i s  the 
heat r e j ec t ion  system. I t  was designed t o  use 
a minimum amount of power t o  provide cooling 
but a l s o  t o  permit the highest  p l an t  output i n  
the afternoon hours when the u t i l i t y  power re- 
quirement i s  highest .  This system is  designed 
with thermal peaking. It provides the coldest  
cooling water i n  the middle of the afternoon. 
The coldest  water possible  i s  produced under 
nighttime atmospheric conditions. The cold 
water would be spray-cooled a t  night and then 
be stored i n  a deep s t r a t i f i e d  pond for  use i n  
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the middle of the afternoon. This system 
coupled very w e l l  with using isobutane and 
propane a s  working f lu ids  because the heavy 
molecular weight f l u i d s  permit the use of 
small turbines.  By achieving lower condensing 
temperatures, turbine output power can be sig- 
n i f i can t ly  increased. The spray system needed 
t o  be designed t o  be pa r t i cu la r ly  e f f i c i e n t  i n  
t ransferr ing heat t o  the nighttime a i r .  Once 
again, the primary objective was t o  t e s t  a 
system which has the capabi l i ty  of producing 
the most cooling with the minimum expenditure 
of power. 

A complete study of the daytime and nighttime 
atmospheric conditions was made f o r  East Mesa 
before proceeding with a de t a i l ed  cycle and 
cooling system design. 

The water t ab le  was q u i t e  c lose t o  the surface 
and handling of water i n  the Imperial Valley 
i s  a very d i f f i c u l t  and sensi t ive design prob- 
lem. We had t o  be very ca re fu l  not t o  mix 
ce r t a in  water flows or  contaminate the ground 
water. Testing of the je t  spray and thermal 
peaking heat r e j ec t ion  system was included 
even though we knew t h a t  high winds and s o i l  
conditions would make t h i s  d i f f i c u l t .  The 
importance of obtaining the lowest possible 
sink temperature needed t o  be evaluated. 

I t  was with these and other innovative design 
approaches t h a t  w e  have developed a p i l o t  
p l an t  t o  test  the technical  and economic vi- 
a b i l i t y  of the binary cycle a s  a conversion 
process fo r  l iquid dominated geothermal re- 
sources. This p l an t ,  by demonstrating these 
innovative approaches, w i l l  then provide a 
da t a  base fo r  future ,  larger  plants .  

V. Plant Description The East Mesa p i l o t  
f a c i l i t y  employs a "Dual-Fluid Cycle", i n  t h a t  
it uses two organic f lu id  loops t o  convert the 
geothermal heat t o  motive power. Excess heat 
from each power f l u i d  i s  rejected t o  an ad- 
vanced je t  spray/pond cooling system. Figure 
1 i l l u s t r a t e s  the dual f l u i d ,  closed Rankine 
sys tem. 

A. Process Flow - In  the descr ipt ions t h a t  
follow, it must be s t ressed t h a t  the numbers 
presented r e f l e c t  average operating conditions. 
Each well  s i te ,  f o r  example, w i l l  encounter 
varying conditions of brine chemistry, tem- 
perature ,  flow, and required pumping pressure.  

Geothermal brine (805 GPM, 360 F) i s  pumped a t  
196 ps i a  from each of four production wells. 
One addi t ional  w e l l  has been d r i l l e d  fo r  stand- 
by duty. The f i v e  production wells a r e  lo- 
cated on two d r i l l i n g  sites; s i te  separation 
is  approximately one-half mile. Average well 
depth i s  7,500 f t .  A s ingle  12"  l i n e  from 
each s i t e  carr ied the br ine t o  the p l an t  where 
it combines, flows through a sand separator, 
and then i s  pressurized before entering the 
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heat exchanger f i e l d .  A t  the e x i t  of the heat 
exchanger f i e l d ,  the cooled brine (180°F) 
flows t o  the inject ion pumps where it i s  pres- 
surized and s e n t  t o  the inject ion wells. 
Three inject ion wells have been d r i l l e d ;  one 
for  standby duty. 

Isobutane l iquid i s  heated, vaporized, and 
superheated i n  the heat exchanger f i e l d  by the 
geothermal brine. The l iquid i s  heated during 
i t s  s e r i e s  t r ave l  thru s i x  of the ten true- 
counterflow heat exchangers. I t  then s p l i t s  
i n to  two p a r a l l e l  flows, each flowing thru a 
bo i l e r  and a superheater before passing i n t o  
the Knockout D r u m  (345 F, 500 p s i a ) .  After 
passing thru the Knockout D r u m ,  the gas i s  
expanded thru each s ide of the dual 3-stage 
tandem turbine.  Extraction gas from the main 
turbine i s  used t o  dr ive the bo i l e r  feed pump 
turbine.  Exhaust gas from each un i t  of the 
main turbine combines with exhaust gas from 
the bo i l e r  feed pumpturbine and flows (60 ps i a ,  
225OF) i n t o  the s h e l l  side of the recuperator 
where it gives up some of i t s  heat t o  the 
propane c i r c u i t .  The gas ( 1 5 0 O ~ )  then passes 
from the recuperator t o  the two isobutane 
condensers where the waste heat i s  re jected 
t o  the cooling water c i r c u i t .  The condensed 
isobutane drains  i n t o  the receiver.  Liquid 
isobutane (87 F, 59 p i a )  from the receiver 
i s  picked up by the condensate pumps and i s  
passed on t o  the bo i l e r  feed pump. The bo i l e r  
feed pump then pressurizes the isobutane t o  
heat exchanger f i e l d  i n l e t  pressure (605 p s i a ) .  

Cooling water (25,000 GPM) is pumped thru the 
tube s ide  of the s ingle  pass propane con- 
denser. I t  then s p l i t s  with each half  flow- 
ing thru the tube s ides  of the two double 
pass isobutane condensers. Each condenser 
discharges t o  separate day storage and spray 
systems. During peak load periods,  when the 
a i r  wet bulb temperature i s  the highest ,  the 
cooling water flows d i r e c t l y  i n t o  the day 
storage ponds. This allows the p l an t  t o  
operate with the l e a s t  amount of p a r a s i t i c  
power requirements since none of the spray 
pumps a re  operated during t h i s  period. 
During t h i s  nominal 8-hour period, the water 
l eve l  i n  the storage ponds w i l l  r i s e  4 t o  5 
f ee t .  A t  the end of t h i s  t i m e  and when the 
atmospheric cooling conditions a re  the most 
favorable, the condenser discharge flow i s  
directed t o  the i n l e t  of the spray pumps. A t  
the same time, water i s  t ransferred via  sprays 
from the day storage ponds. The sprays a re  of 
the j e t  spray type which u t i l i z e  a gravi ty  
f a l l  t o  provide controlled stream breakup and 
drop s ize .  The pressure a t  the i n l e t  of the 
(6) spray headers can be adjusted t o  minimize 
d r i f t  and maximize cooling. The water coming 
off the condensers can a l so  be dumped d i r ec t -  
l y  onto the cooling streams. The collected 
water drains  i n t o  the deep pond below the 
pond thermal insulat ion layer .  

0 

0 
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Propane and isobutane systems are very similar 
in operation. Liquid propane (131 psia, 73OF) 
is heated, vaporized, and superheated in the 
recuperator and one relatively small counter- 
flow heat exchanger. Prgpane gas enters the 
turbine at 460 psia, 205 F and exhausts at 131 
psia, 106OF. 

B. Operational & Safety Features - The follow- 
ing is a partial listing of the operational 
and safety features that have been incorpo- 
rated into the plant: 
. Centralized Control: A l l  major equipment 
and most process controls can be manually 
operated from a single control room. In 
addition, the majority of controls can be 
placed in the automatic mode once system oper- 
ation has stabilized. 

. Performance Indication: The facility in- 
corporates a comprehensive process and equip- 
ment instrumentation/alarm system with indi- 
cation in the control room. 

. Flash Protection: Strategically placed 
pumps and appropriate valving maintain brine 
pressure at a level high enough to prevent 
flashing in the heat exchanger field or con- 
nected piping. 

. ~njection Pressure Control: Centrifugal 
pumps, arranged in series, provide the flex- 
ibility needed to cope with varying injection 
well pressures. 

. Water Treatment: Make-up water is added and 
a measured amount is blown-down to maintain 
salinity at an acceptable level. Inhibitor, 
acid, and chlorination feed systems are pro- 
vided. 

. Fire Protection Systems: Fixed dry chemical, 
AFFF foam, water deluge, halon, and C02 Systems 
installed where applicable, with U.V.,  ther- 
mostatic, or cross-zoned ionization detection; 
automatic or manual actuation. Receiver iso- 
lation valve system with associated inter- 
locks. Portable and remote fixed extinguish- 
ing and gas detection equipment strategically 
located. Seal leak alarm system installed on 
hydrocarbon pumps and turbines. 
out prevention system installed on turbines. 

. Laboratory Facility: On site chemical lab- 
oratory, available for brine, gas, and cooling 
water analysis. 

C. Predicted Performance - For 3220 gpm of 
360bF brine and aoyearly average cooling water 
temperature of 62 F, the anticipated net plant 
output---taking into consideration all para- 
sitic losses associated with the facility 
including all brine circuit pump power---is 
9.6 MW during peak demand periods and 8.8 MW 
net during off peak periods. Of this, the 
propane system contributes approximately 14%. 

Seal blow- 

The estimated brine consumption rate is 131 
lbs/net Kwh without any well pumping require- 
ments as part of the plant's parasitic losses. 

VI. Operating Experience To Date As de- 
scribed heretofore, the East Mesa plant has 
many new design features and principles of 
operation. Therefore, it should be expected 
that we would have certain operating problems 
during the startup period. A s  a matter of 
fact, many of the innovations that were used 
have been suggested as being too radical to 
put into any first plant. However, it should 
be remembered that most of these innovations 
were highly important in enabling us to build 
a plant which has the potential for high 
efficiency of energy conversion and therefore, 
low plant and power production costs. 

Our discussion of operating problems can be 
divided into the four different circuits in- 
volved in the plant; namely the brine circuit, 
the isobutane circuit, the propane circuit, 
and the cooling system. 

A. Brine Circuit - It was recognized very 
early from previous test experiences in 
Nevada that we very probably would have prob- 
lems with calcite deposits on the walls of 
pipes if carbon dioxide was released or the 
brine was allowed to flash into steam during 
any part of the process of circulation. For 
this reason a brine booster pump was placed 
between the well pump discharges and the heat 
exchanger field inlet so as to maintain high 
pressure thru the entire system. During 
initial operation of the brine circuit we did 
in fact at times release gas and this pro- 
duced the expected result of calcite dep- 
osition on pipe walls, va4ve seats, and pump 
casings. This problem has been eliminated by 
establishing operating procedures and deter- 
mining control settings which keep system 
pressures at all times above gas release 
pressures, which is somewhat higher than the 
flash pressure of the brine. 

Initially, one booster pump was installed 
between the wells and the plant to provide 
the proper heat exchanger brine pressure. In 
addition, three inline booster pumps were in- 
stalled down-stream from the heat exchangers 
for reinjection purposes. All of the pumps 
and their sealing systems were designed for 
flow-thru whether operating or idling. After 
some initial problems with dirt in the mechan- 
ical seals, this arrangement has performed 
very satisfactorily. 

In our initial plan, heat exchanger field warm- 
up was to be accomplished by running mas: of 
the brine in a bypass circuit around the plant 
and bleeding a small amount of hot brine to 
the exchangers to warm them up gradually to 
keep rapid temperature changes from occurring. 
This procedure proved to be rather tricky and 
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some in t e re s t ing  s t r a t i f i c a t i o n  problems were 
encountered. Warming up the exchangers i n  
t h i s  manner produced thermal s t r e s ses  which 
were undesirable. W e  corrected t h i s  problem 
by i n s t a l l i n g  a recirculat ion system whereby 
a high flow could be maintained thru the heat 
exchangers during the warmup process. This 
has made the procedure more eas i ly  controlled 
enabling the exchanger f i e l d  t o  be warmed up 
a t  a very moderate r a t e  from cold s t a r t  condi- 
t ions under f u l l  control  of the operators. 
During the design phase fo r  the brine handling 
system, w e  did not know exactly what t o  ex- 
pect fo r  required in j ec t ion  pressures. Some 
very short  term, cold f l u i d  inject ion t e s t s  
had been performed, and during plant  constuc- 
t i on ,  some additional full-temperature f lu id  
inject ion t e s t i n g  was performed. Based on the 
data  gathered during these t e s t s ,  i n j ec t ion  
pumps w e r e  selected.  A s  p l an t  t e s t ing  pro- 
gresses,  and in j ec t ion  temperatures decrease, 
the required in j ec t ion  pressures appear t o  be 
lower than would be predicted based only on 
the greater  i n j ec t ion  density. There i s  some 
speculation t h a t  t h i s  i s  due t o  shrinkage of 
the sands i n  the zones where brine i s  rein- 
jected.  This has allowed us t o  remove one of 
the in j ec t ion  pumps t h a t  we i n i t i a l l y  thought 
might be required. 

. . . . . .. . - . . -. .. . - . - - . 

B. Isobutane C i rcu i t  - Since the use of iso- 
butane as  a power f l u i d  i n  t h i s  type and s i ze  
p l an t  i s  something new, we natural ly  could 
expect some i n i t i a l  problems i n  operation. 
During the s t a r tup  and t e s t i n g  phases of t h i s  
loop the majority of our problems have been 
equipment problems, many of them related t o  
d i r t  i n  the system. The equipment performance 
has been f a i r l y  sa t i s f ac to ry  and we are 
pleased with the general behavior of the power 
f l u i d  a s  it is  handled throughout the cycle. 
W e  do not y e t  know whether the thermodynamic 
performance i s  exactly a s  predicted,  and we 
w i l l  need some steady s t a t e  operation a t  var- 
ious power levels  t o  provide the necessary 
data t o  c l ea r ly  e s t ab l i sh  t h i s .  However, the 
general indications a re  t h a t  the performance 
w i l l  be as  expected. 

During the i n i t i a l  stages of isobutane system 
flushing and cleanout the p l an t  experienced 
some severe seismic a c t i v i t y  during the Octo- 
ber 1 6 ,  1979 earthquake t h a t  s t ruck the  
Imperial Valley. While it appeared superf i- 
c i a l l y  t h a t  we had sustained p rac t i ca l ly  no 
damage, when we began i n i t i a l  operations we 
found t h a t  we had a number of i n t e rna l  leaks 
a t  the heat exchanger tube sheets ,  allowing a 
f lu id  interchange between the brine and iso- 
butane systems. An evaluation of the pa t t e rn  
and severi ty  of these leaks provided the con- 
clusion t h a t  piping movements during the quake 
had subjected one end of the heat exchangers 
t o  extremely high l eve l s  of moment loading, 
and the tube j o i n t s  had broken loose a t  t h a t  
time. After the i n i t i a l  shock, the jo in t s  
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were s t i l l  able t o  contain pressure but they 
had moved t o  the point of having marginal 
mechanical strength.  When we f i r s t  put the 
system i n t o  operation, the thermal s t r e s ses  
shif ted the tubes even more, causing ex- 
cessive cross leakage which contributed t o  
some problems t h a t  we had a t  t h a t  time with 
the isobutane turbines.  These tube leaks 
w e r e  eliminated by welding the tubes i n t o  the 
tube sheets.  The thin-wall tubes i n  the brine 
exchangers a re  l i k e l y  t o  warm upmuch f a s t e r  
than the exchanger s h e l l  due t o  t h e i r  d i f f e r -  
ence i n  mass and surface area.  To minimize 
the s t r e s ses  caused by t h i s  d i f f e r e n t i a l  ex- 
pansion, s l i d ing  tube sheets were used. These 
s l i d ing  tube sheets presented considerable 
problems because of d i r t  l e f t  i n  the isobutane 
c i r c u i t .  This d i r t  consisted of sand, welding 
beads, and shot b l a s t  mater ia l  l e f t  i n  by the 
contractor during construction. The d i r t  
caused scoring of the surfaces on the s l i d ing  
tube sheet ,  and t h i s  caused leakage between 
the sealing r ings a t  the s l i d ing  j o i n t .  This 
problem has now been corrected by remachining 
of the surfaces and i n s t a l l i n g  a somewhat 
d i f f e r e n t  s ea l  r ing configuration. The sea l  
lubricat ion system arrangement has a l so  been 
improved so  as  t o  insure pos i t i ve  lubricat ion 
a t  the s l i d ing  surfaces and more posi t ive 
sealing between the isobutane and the brine.  
Early observation of the br ine s ide  of the 
heat exchangers indicated t h a t  w e  were expe- 
riencing some corrosion of the carbon s t e e l  
tubes. This i s  a t t r i bu ted  t o  the f a c t  t h a t  
a f t e r  i n i t i a l  operation, a i r  was allowed t o  
contact the brine s ide of the tubes. Our 
experiences reinforce the f a c t  t h a t  it i s  ex- 
tremely important t o  p ro tec t  these tubes from 
atmospheric a i r  and from oxygen dissolved i n  
any water used t o  f i l l  the brine side during 
periods of off- l ine maintenance. Subsequent 
monitoring of on-line corrosion r a t e s  seem t o  
indicate  t h a t  carbon s t e e l  w i l l  be a s a t i s -  
factory tube material  fo r  t h i s  application i f  
proper procedures fo r  system protection a re  
followed. 

With the exception of the leak problems, the 
heat exchangers have operated very well ,  and 
appear t o  be performing b e t t e r  than design 
predictions.  We had some i n i t i a l  concerns 
about the p o s s i b i l i t y  of l iquid segregating i n  
the-bottom of the exchanger bundle, since the 
l iquid was boi l ing inside the tubes. A typical  
problem i n  r e f r ige ran t  evaporators with boil-  
ingoccurr inginside the tubes i s  t h a t  of dis-  
t r i bu t ion  of the l iquid throughout the bundle. 
Calculations had been made which indicated t h a t  
t h i s  should not be a serious problem with iso- 
butane under the boi l ing conditions encounter- 
ed here, and these appear t o  have been proved 
correct .  It i s  too ea r ly  t o  t e l l  whether the 
heat t r ans fe r  coeff ic ients  a r e  exactly a s  pre- 
d i c t ed ,  but a l l  indications a re  t h a t  the heat 
exchangers a re  performing s a t i s f a c t o r i l y .  



Mechanical operation of the two isobutane tur- 
bines has been generally sa t i s f ac to ry ,  with 
the main power turbine taking the  brunt of 
system imposed problems. 

During i n i t i a l  operation, welding beads, shot 
b l a s t  material ,  and sand i n  the system caused 
considerable wear on the turbine i n l e t  nozzles. 
This can be expected i n  a radial-flow type of 
turbine,  where so l id  p a r t i c l e s  i n  the i n l e t  
stream a re  thrown back i n t o  the nozzles by the 
ro t a t ing  elements. After a considerable per i -  
od of recirculat ion with good f i l t e r i n g  i n  the 
isobutane c i r c u i t  the problem of d i r t  seems 
t o  have been s a t i s f a c t o r i l y  conquered. Once 
the isobutane system i s  maintained i n  a clean 
s t a t e  we have no reason t o  believe t h a t  there  
w i l l  be fur ther  deter iorat ion of the turbine 
nozzles. 

After the i n i t i a l  period of operation, w e  had 
a temporary debris  screen i n  the isobutane 
gas c i r c u i t  f a i l  due t o  high veloci ty  vortex 
action i n  the Knockout D r u m .  Pa r t s  of the 
screen were broken-and passed thru the tur- 
bine, causing unbalance and requir ing dis-  
mantling and rebalancing of the turbine 
rotors .  A t  the same time w e  had t o  rebuild 
some of the turbine nozzles due t o  damage 
from t h i s  debris.  I t  was very g ra t i fy ing  t o  
see t h a t  the rugged turbine ro to r  construc- 
t ion withstood <he passage of f a i r l y  heavy 
p a r t i c l e s  of s t e e l  screen. 

Another problem t h a t  occurred during the 
period of increasing load on the turbine was 
high pressure intake pipe vibration. This 
was caused by poor flow orientat ion,  and has 
since been corrected so t h a t  now the pipe 
and valve vibrat ion has disappeared. 

One of t he  problems i n  designing a high 
pressure organic f l u i d  turbine of t h i s  type 
i s  the problem of t h r u s t  balancing i n  the 
rotor .  This was carefnl ly  monitored during 
i n i t i a l  operation, and we did f ind t h a t  
t h r u s t  a t  high loads on the  t h r u s t  bearing 
became higher than was desirable .  Careful 
monitoring of the t h r u s t  balance system indi- 
cated t h a t  there  was excessive leakage i n  one 
of the balance pistons.  This was corrected 
by i n s t a l l i n g  a new design balance pis ton 
s e a l  which reduced t h i s  leakage t o  an accept- 
able value, and the t h r u s t  l eve l s  since t h a t  
t i m e  have been very sa t i s f ac to ry .  By care- 
f u l  monitoring w e  were able t o  avoid any 
problems with t h r u s t  bearing f a i lu re s .  

Main turbine and bo i l e r  feed pump turbine 
e f f i c i enc ie s  and flow coe f f i c i en t s  are  being 
compared with o r ig ina l  design values and with 
the exception o f - a  -lower flow coe f f i c i en t  
than expected on the main turbine,  appear t o  
be sa t i s f ac to ry .  W e  a r e  present ly  taking 
s t eps  t o  increase the flow coe f f i c i en t  fo r  
the main turbine t o  i t s  o r ig ina l  design value. 

The mechanical s ea l s  on both isobutane turbines 
have operated very s a t i s f a c t o r i l y ,  and have 
provided absolute seal-off during standby 
periods. 

The turbine dr ive couplings have operated very 
s a t i s f a c t o r i l y  with no v ib ra t ion  problems and 
no t h r u s t  problems, which so commonly occur 
when gear-type couplings a re  used on high 
speed dr ives  subject t o  high thermal expansion. 
These couplings a re  a l so  pa r t i cu la r ly  con- 
venient fo r  disassembly of the s e a l s ,  bearings,  
o r  turbine rotors.  

During ea r ly  performance t r i a l s  we had the 
usual problems with control and safety wiring 
i n  the e l e c t r i c a l  system. These problems were 
caused primarily e i t h e r  by defect ive r e l ays  or  
by mistakes i n  wiring up the system. There 
w e r e  a l s o  some i n i t i a l  generator vibrat ion 
problems which had t o  be corrected. 

C. Propane System - The propane system has not 
ye t  been put  i n t o  service.  Since the propane 
system i s  very s imilar  i n  pr inciple  t o  the iso- 
butane system, we have every reason t o  think 
t h a t  operation should be sat isfactory.  The 
pr inciple  unknown a t  t h i s  t i m e  i s  r e l a t ed  t o  
the recuperator performance, since t h i s  i s  a 
new design incorporating a combination of l i q -  
uid heating and boi l ing i n  the same flow pass- 
ages. The recuperator has the function of 
cooling down the superheated exhaust gas from 
the main isobutane turbine,  thereby reducing 
the cooling load i n  the isobutane condensers. 
This i s  designed t o  increase the power output 
from the plant ,  and a t  the same t i m e  increase 
cycle eff ic iency,  thereby reducing the p l an t  
heat re ject ion load. 

D. Cooling System - The cooling system has i n  
general performed a s  expected, although a com- 
p l e t e  performance evaluation cannot be made 
u n t i l  t he  p l an t  i s  operating a t  f u l l  load de- 
sign conditions. The pr inciple  problems with 
the cooling system has been with the ponds 
used t o  s to re  both the warm and cold water 
fo r  the thermal peaking system. The very 
loose character of the East Mesa s o i l  made it 
d i f f i c u l t  t o  excavate and construct the ponds 
with the assurance t h a t  the pond banks would 
maintain t h e i r  i n t eg r i ty .  The ponds were 
o r ig ina l ly  designed t o  be l ined with s o i l  
cement, but  because of a cement shortage, 
p l a s t i c  l i n e r s  were used. 

A t  f i r s t  there  were some wind and wave prob- 
l e m s  causing pulsat ion of the p l a s t i c  on the 
banks. This was corrected by using gunite t o  
hold down the mater ia l  along the banks where 
they were subject t o  wind and wave forces. 
The wave action was g rea t ly  reduced by i n s t a l l -  
ing wave breakers across the ponds. Some 
serious problems have occurred because of 
f a i l u r e  of the adhesive j o i n t s  i n  the p l a s t i c .  
This was due, apparently, t o  a combination of c 
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faul ty  adhesive, high temperature, moisture, 
and fatiguing of seams. Newer adhesives are  
now being used, but we do not know whether 
these w i l l  hold up over a long period of t i m e .  
It i s  probable t h a t  the overlap jo in t s  i n  the 
p l a s t i c  on the spray cooling surface were made 
too narrow and should have been made with 
double overlaps. I n  some areas  w e  have cover- 
ed the spray area with cement i n  order t o  hold 
the p l a s t i c  down t i g h t l y  and eliminate some of 
these probable modes of f a i lu re .  

Originally the specified depth fo r  the deep 
s-orage pond was approximately 30 f ee t .  This 
has t o  insure adequate separation of the warm 
and cold layers  of water s o  a s  t o  be sure t o  
ge t  proper cold water storage.  Because of 
the s o i l  s t ruc tu re  and the high water t ab le  
we had t o  compromise and construct a much 
shallower, larger  surface area pond. Pre- 
liminary indicat ions a re  t h a t  adequate ther- 
mal separation does ex i s t .  On one occasion 
during operation we have measured a s  much a s  
14OF temperature difference between the cold 
water a t  the bottom and warmer surface water. 
It  appears t h a t  the pr inciple  of s tor ing cold 
water a t  the bottom of the pond w i l l  work 
qu i t e  s a t i s f a c t o r i l y ,  although t h i s  must be 
determined by long t i m e  operation a t  f u l l  load 
under the various cl imat ic  conditions. The 
unique j e t  spray cooling system appears t o  
be working qu i t e  s a t i s f a c t o r i l y .  There does 
not appear t o  be excessive d r i f t l o s s  and the 
pr inciple  of allowing airflow through the j e t  
sprays seems t o  be working a s  planned. On 
the whole, we believe the performance of the 
j e t  spray cooling system and storage systems 
appears t o  be performing a s  planned, although 
f u l l  load operation over a long time has not 
yet been analyzed. I t  i s  probable t h a t  t h i s  
cooling system has been designed somewhat 
conservatively, and future  systems of t h i s  
type can be designed a t  considerable reduc- 
t i on  i n  s i z e  and cost .  

E. Preliminary Conclusions on Plant  Opera- 
t i on  - Although the p l an t  has not yet  been 
operated i n  f u l l  brine flow, f u l l  turbine 
load, o r  with the propane system operating, 
we f e e l  very encouraged by the general oper- 
a t ion of the plant .  The operators have found 
the p l an t  very easy t o  operate,  and the prin- 
c ip l e s  of operation of the system appear t o  
be sound. We have every reason t o  believe 
t h a t  future  p l an t s  of t h i s  kind can be de- 
signed a t  a considerably reduced cost ,  and 
the cycle can be improved by fur ther  opti-  
mization and u t i l i z a t i o n  of the design prin- 
c ip l e s  developed i n  t h i s  plant.  

V I I .  Protection of the Environment The 
Magmamax Power Process system has several  in- 
herent features  associated with it t h a t  are  
advantages from an environmental standpoint. 
The brine system and the power systems are  
completely closed, with no emissions t o  the 

atmosphere. The cooling water system i s  the 
only one t h a t  has emissions and those a re  
l imited t o  water vapor being put  i n t o  the a i r .  
I n  our considerations of location of the proj- 
e c t  and the construction of the cooling ponds 
one of the c r i t e r i a  t h a t  we u t i l i z e d  was t h a t  
the p ro jec t  s i t e  would be s i t ua t ed  such t h a t  
t he re  would be no necessity fo r  importing fill 
o r  removing f i l l  from the si te;  therefore one 
of the reasons f o r  the configuration of the 
s i t e  i s  t o  balance out the cut-and-fil l .  
Discussions were carr ied out with regulatory 
personnel on the e s the t i c s  of the p l an t  and 
muted-type colors t h a t  would blend i n  with 
the deser t  landscape were selected fo r  the 
various piping systems. Several requirements 
fo r  monitoring a i r ,  water and land and ecol- 
ogical cha rac t e r i s t i c s  i n  the area were 
established i n  the operating permit associated 
with the plant .  

V I I .  Finance and Economics Magma chose t o  
u t i l i z e  t h e i r  avai lable  funds t o  finance the 
construction of the plant .  Being a research 
and development p l an t  i n  nature i t  would have 
been most d i f f i c u l t  t o  obtain p ro jec t  financ- 
ing, looking t o  t h e  revenue of the p l an t  sole- 
l y  a s  c o l l a t e r a l  for  pay back of any financing 
associated with it .  The p ro jec t  did cost  
considerably more than was ant ic ipated when 
i n i t i a t i n g  the project ,  and shor t  term bank 
loans were required during the construction t o  
maintain an adequate cash flow i n  conjunction 
with the revenue avai lable  t o  Magma from the 
Geyser's t o  complete the project .  The t o t a l  
cos t  of the p l an t  was s l i g h t l y  under f i f t e e n  
mill ion with the following breakdown of the 
various major categories of the plant :  

Category Total Cost 

1. Land Improvements $ 531,700 
2. Building 319,500 
3. Cooling System 3,472,700 
4. Power Equipment 1,017,400 
5. Isobutane System 2,302,000 
6. Propane System 1,050,000 
7. Brine System 2,026,100 
8. General Support System 1,565,100 
9. Engineering 948,000 
10.0verhead and A & G 1,413,900 
11. Total $14,727,200 

There a re  two aspects of the p l an t  which were 
cos t ly  i n  nature and have y e t  t o  be demon- 
s t r a t ed  a s  t o  t h e i r  cos t  effectiveness.  One 
i s  the cooling system and the other i s  the 
propane system. The i n i t i a l  s tudies  associ- 
ated with the cooling system, which incor- 
porates large amounts of water storage t o  
allow cooling t o  be done a t  off-peak times 
when w e t  bulb temperatures a re  lower, indi- 
cated t h a t  there  would be a payoff both i n  
capacity and energy. The addition of the 
propane system appears t o  be appropriate i n  
t h a t  the addi t ional  capacity avai lable ,  on an 
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incremental cost basis, is lower than the 
overall unit cost of She plant. 
motivation for installing the propane system 
is to gain some operating experience with 
that as a power fluid and to provide oper- 
ating data on a bottoming cycle using the 
exhaust heat in the isobutane. The isobutane 
provides approximately 75% of the heat input 
into the propane and is so doing cuts down 
on the rejected heat required in the con- 
densing system of the isobutane. The pro- 
pane system will also demonstrate the tech- 
nical feasibility of using geothermal brines 
in the very low temperature range. The de- 
sign temperature of the propane vapor into 
the turbine is 205 F. 

The prime 

0 

It will take more time before any reasonable 
establishment of operating and maintenance 
costs for the facility can be determined. 

Since the East Mesa plant was a compromise 
design, and did not take advantage of the 
best optimization of the system it is nat- 
ural to expect that a newer design would im- 
prove performance. 

Latest developments in heat exchanger design 
indicate that we can get considerably better 
performance out of the true-counterflow heat 
exchangers than the existing design in the 
Magma East Mesa Plant. 
performance capability and better arrange- 
ment of the heat exchanger systems, we can 
confidently expect to reduce the plant dis- 
charge temperature from 180°F to 140 F, which 
will provide considerably more heat available 
for conversion to power. Therefore, the 
brine consumption can be reduced simply by 
utilizing more Btu per lb., assuming that 
reservoir conditions will allow the lower re- 
injection temperatures. 

Because of improved 

0 

In addition to improved heat transfer and 
plant design optimization we also can ex- 
pect that radically new turbine designs can 
achieve efficiencies of 92 to 96%. This 
makes an appreciable difference in the plant 
efficiency and output. 

The predicted brine consumption per Kwh for 
the plant with a 360 F inlet on a gross, net 
without power for well pumping and net with 
power for well pumping basis is 115, 131, and 
150 pounds per Kwh, respectively. With a 
325OF inlet the quantities would be 152, 175 
and 210,respectively. These quantities are 
significantly less than those associated 
with proposed two-stage steam flash plants 
with the same brine temperature. Improve- 
ments in the binary system design as dis- 
cussed above have the potential for reducing 
the, above brine consumption rates in excess 
of 30%. Therefore, greater improvements in 
the economics and the all-important conser- 
vation of the resource can be expected. 

0 

Our experience at the East Mesa plant has con- 
firmed that all of the advantages of the dual- 
fluid vapor turbine cycle described in the in- 
troductory paperhresented in 1972 do indeed 
exist. 
cycle, the improvement in heat exchanger effi- 
ciency, better cooling systems, and higher 
efficiency turbines make the cycle look more 
viable than ever for economic, efficient geo- 
thermal power generation. 

Following are the advantaqes listed in the 1972 
paper which apply even more strongly now: 

The development of the dual-fluid 

1. Pumping water to the surface at pressures 
above saturation insures water reaching sur- 
face at nearly full maximum well temperature, 
whereas lifting water by steam causes large 
temperature decreases. 
2. Keeping water at full pressure retains 
dissolved gases in water, so that they can be 
returned to the ground without danger of at- 
mospheric pollution. 
3. If steam and dissolved gases come out of 
the water, the chemical composition is changed, 
often causing precipitation of solids out of 
solution and plugqinq of wells. 
4. Keeping water at high pressure throughout 
heat exchangers helps to minimize heat ex- 
changer tube stresses. The possibility of 
stress corrosion, which is often the most 
vital factor in causinq failure of hiqh tem- 
perature hot water heat exchangers, is there- 
by reduced. 
5. Vapor turbines can generally be more effi- 
cient than steam turbines, because they USU- 
ally have fewer stages and the volume change 
through the turbine is not as great. 
6. Wheel speed on vapor turbines is usually 
lower than that of steam turbines. There- 
fore, design problems are simpler, and blade 
stresses are much less severe. 
7. Vapor turbine cycles can be relatively 
quiet. Flashinq steam cycles require costly 
noise abatement measures. 
8. Isobutane turbines operate above atmos- 
pheric pressure throuqhout the cycle. The 
possibility of getting air and oxygen into 
the turbine to cause corrosion or explosive 
mixtures is eliminated. Air entering the 
system under vacuum is a major cause of corro- 
sion in steam systems. 
9. Isobutane and some other fluids are rel- 
atively simple and low in cost. 
10. Isobutane turbines are much smaller and, 
therefore, lower in cost than steam turbines 
of the same power output. 
11. Isobutane expands through the turbine 
completely in the dry state. This eliminates 
the problem of blade erosion by water droplets, 
so common in steam turbines. 
12. Isobutane is compatible with oil. This 
makes it possible to use internal bearings in 
turbine, which make a much more rugged and lower 
cost design turbine possible. 
using a single shaft seal at the coupling end C They also permit 
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of the turbine,  completely eliminating a l l  of 
the long, complicated, leaking shaf t  s ea l s  
required on a steam turbine.  

13. Isobutane i s  non-corrosive and there  
should be no need fo r  expensive s t a in l e s s  
s t e e l s  i n  any p a r t  of the turbine,  such as  
a re  of ten required i n  the flashed steam cycle. 
14 .  Isobutane l iquid has a lower density and 
lower l a t e n t  heat than steam. Therefore, 
cavi ta t ion damage should not occur i n  bo i l e r  
feed pump. 
15. Isobutane bo i l e r  feed pump can be made 
from cheaper materials than water feed pump, 
because corrosion problems a re  minimal. 
16. Isobutane turbine has much lower ro t a t ing  
i n e r t i a  than a steam turbine of the same 
power. This v i r t u a l l y  eliminates the short  
c i r c u i t  torque problem a t  the dr ive couplings. 
17 .  Isobutane turbines can be designed t o  
u t i l i z e  lower condensing temperatures, there- 
by improving cycle e f f i c i enc ie s  and reducinq 
water r a t e  below t h a t  of steam turbines.  

18. Isobutane turbines do not require gas re- 
moval equipment. Steam turbines can require 
substant ia l  gas removal equipment. 
19. With no a i r  o r  incondensable gas i n  con- 
densers, isobutane condensers can be 100% 
e f f ec t ive  a l l  the t i m e .  With steam condensers, 
gas i n  system reduces condenser eff ic iency by 
increasing condensing pressure. 
20. The isobutane cycle permits e f f ec t ive  use 
of heat from w e l l  water down t o  qu i t e  low 
temperatures. Water can be dischar ed from a 
plant  a t  temperatures as  low a s  120 F. I n  
comparison, steam cycles could r a re ly  be eco- 
nomic a t  water discharge temperatures below 
212'F. This helps isobutane cycle t o  be more 
e f f i c i e n t  than steam cycle. 

a 
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Brine/Isobutane exchangers in the foreground and 
recuperator, condensors and receivers in background. 
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I s o b u t a n e  tandem turbines and gear box which is 
coupled to main 10.5 megawatt generator. 
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condensors on second level and receivers on lower 
level. 

Cooling water let sprays in operation. 
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I n t r o d u c t i o n  The R a f t  R i v e r  geothermal p l a n t  
i s  a smal l  b i n a r y  c y c l e  convers ion  system which 
uses i sobu tane  as t h e  work ing  f l u i d .  Th i s  p l a n t  
uses a s taged b o i l e r  concept t o  achieve b e t t e r  
performance than  c o u l d  be ob ta ined  by a s i n g l e  
b o i l e r .  The p l a n t  was designed t o  ope ra te  w i t h  
a geothermal wa te r  i n l e t  temperature o f  143°C 
(290°F) and produce a nominal genera to r  o u t p u t  
o f  5MW. The p l a n t  i s  suppor ted by a supply  and 
i n j e c t i o n  system c o n s i s t i n g  o f  t h r e e  supply  
w e l l s  (about  1524m o r  5000 f t  deep) and two i n -  
j e c t i o n  w e l l s  (about  1158m o r  3800 f t  deep). 

The p l a n t  i s  n e a r i n g  t h e  end o f  t h e  c o n s t r u c t i o n  
phase. System t e s t s  w i l l  be conducted through-  
o u t  t h e  Summer; p l a n t  s t a r t u p  i s  scheduled f o r  
t h e  F a l l  (1980). A complete d e s c r i p t i o n  o f  t h e  
p l a n t  i s  con ta ined  i n  Reference 1.  

Th is  paper w i l l  b r i e f l y  d i scuss  o u r  exper ience 
i n  seve ra l  i m p o r t a n t  areas:  env i ronmenta l ,  
supply  and i n j e c t i o n  system, and power p l a n t .  

Environmental Program An env i ronmenta l  program 
has been underway a t  R a f t  R i v e r  f o r  seve ra l  
yea rs .  Background data i s  be ing  ob ta ined  from 
a subsidence g r i d ,  t h r e e  se i sm ic  s t a t i o n s ,  and 
seven m o n i t o r  w e l l s  and t h r e e  USGS w e l l s .  Ehen 
t h e  p l a n t  i s  i n  o p e r a t i o n ,  t h e r e  w i l l  a l s o  be 
fou r  a i r  q u a l i t y  m o n i t o r i n g  s t a t i o n s .  

A i r  q u a l i t y ,  subsidence, and s e i s m i c i t y  have 
n o t  been ma jo r  concerns a t  R a f t  R i v e r ,  
thermal  wa te r  q u a l i t y  i s  q u i t e  good. Boran, 
.4rsenic, Mercury and Hydrogen S u l f i d e  a r e  n o t  a 
problem. F l o u r i d e s  and s a l t  a r e  h igh .  The 
poores t  q u a l i t y  occurs i n  w e l l  RRGE-3 where t h e  
t o t a l  d i s s o l v e d  s o l i d s  i s  about 4300 mg/ l .  The 
two ma jo r  concerns a r e  impacts on s e n s i t i v e  
w i l d l i f e  i n  t h e  r e g i o n  and impacts on ground 
water .  

The geo- 

The p r i m a r y  w i l d l i f e  concern i s  f o r  t h e  p r o t e c -  
t i o n  o f  t h e  Ferrugenous Hawk n e s t i n g  grounds 
which a r e  l o c a t e d  throughout  t h e  area,  
Golden Eagle and Swainsons Hawk i s  t h e  p r i m a r y  
concern because i t  w i l l  d e s e r t  t h e  n e s t  when 
d i s t u r b e d ,  l e a v i n g  eggs o r  young. B u f f e r  zones 
o f  about  one m i l e  i n  r a d i u s  were e s t a b l i s h e d  
around t h e  nes ts .  
these b u f f e r  zones were adequate t o  p r o t e c t  t h e  
b i r d s .  

a l though 

A m o n i t o r i n g  program proved 

The R a f t  R i v e r  area has seve ra l  wa te r  b e a r i n g  
reg ions  o f  v a r y i n g  s a l i n i t y .  
a q u i f e r  has no cap r o c k  t o  c l e a r l y  separate i t  
f rom upper a q u i f e r s .  
good communications e x i s t  between a l l  e leva -  
t i o n s .  The geothermal wa te r  w i l l  be i n j e c t e d  
i n t o  two w e l l s .  

The subsur face wa te r  i n  t h e  i n j e c t i o n  r e g i o n  
increases i n  s a l i n i t y  w i t h  depth reach ing  about  
6000 ppm o f  t o t a l  desalved s o l i d s  a t  an e leva -  
t i o n  o f  600m t o  900m (2000 f t  t o  3000 f t ) .  Be- 
cause o f  t h e  v e r y  h i g h  communication between 
v a r i o u s  l e v e l s  t h e r e  i s  concern t h a t  i n j e c t i o n  
( o f  t h e  c l e a n e r  geothermal wa te r )  w i l l  d i s p l a c e  
t h e  s a l t y  water  upward i n t o  t h e  ground wa te r  
a q u i f e r .  The r e g i o n  i s  p r e s e n t l y  c l a s s i f i e d  as 
a c losed  wa te r  b a s i n  and any degrada t ion  o f  t h e  
ground water  i s  o f  s p e c i a l  concern. We a r e  
c u r r e n t l y  i n v e s t i g a t i n g  sha l l ow  i n j e c t i o n  
th rough  seve ra l  i n j e c t i o n ' w e l l s  t o  determine i f  
l e s s  impact on t he  ground wa te r  w i l l  occur ;  
however, t h e r e  a re  no immediate p lans  t o  change 
t h e  i n j e c t i o n  mode f o r  t h e  p i l o t  p l a n t .  Moni- 
t o r  w e l l s  and chemis t r y  measurements w i l l  be 
used t o  determine i f  t h e  p o t e n t i a l  i n t r u s i o n  o f  
s a l t  water  occurs and i t s  s e v e r i t y .  

Supply and I n j e c t i o n  System 
which have caused t h e  g r e a t e s t  problems t o  da te  
a r e  t h e  use o f  cement-asbestos p i p i n g  and o u r  
r a t h e r  d i s a p p o i n t i n g  exper ience w i t h  supply  
pumps. Each o f  these areas a r e  d iscussed be- 
low.  

The geothermal 

Throughout t h e  r e g i o n  

The two areas 

1. Cement-Asbestos P ipe  f o r  Geothermal 
The supp ly  and i n j e c t i o n  Transmiss ion P i p i n g  

system p i p i n g  i s . a  combinat ion o f  s t e e l  and 
cement-asbestos p ipe .  
used where branches connect o r  where t h e  p i p e  
must be r u n  above ground. T h i s  p i p e  was i n i -  
t i a l l y  i n s t a l l e d  because of t h e  l ower  purchase 
and i n s t a l l a t i o n  c o s t  compared w i t h  s t e e l  
(about  55%). 
i c a n t l y  l e s s  (40%) the reby  p e r m i t t i n g  use o f  
s m a l l e r  p i p e .  I n i t i a l  i n s t a l l a t i o n s  were made 
i n  1975. The p i p e  worked reasonably  w e l l  when 
h a n d l i n g  m ino r  f l o w s  t o  ponds through s i n g l e  
runs;  however, when considered as p a r t  of a 
m u l t i - w e l l  system, i t  g r e a t l y  comp l i ca tes  de- 
s i g n  and o p e r a t i o n  because o f  r e s t r i c t i o n s  due 
t o  p ressu re  l i m i t s  (150 p s i )  and thermal  shocks  

T r a n s i t i o n s  t o  s t e e l  a r e  

The p ressu re  drop i s  a l s o  s i g n i f -  
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These concerns e x i s t  p r i m a r i l y  d u r i n g  s t a r t u p ,  
shutdown, and p l a n t  upsets .  

To da te  about  32 f a i l u r e s  have occu r red  which 
can be c l a s s i f i e d  as p i p e  r u p t u r e s  (40%) and 
coup l i ng /gaske t  l e a k s  (60%).  The r u p t u r e s  were 
thought  t o  be t h e  r e s u l t  o f  thermal shock, 
wa te r  hammer, d e f e c t i v e  p i p e  and unknown 
causes. Leaks a t  t h e  j o i n t s  a r e  caused by b r o -  
ken o r  r o l l e d  gaskets and s h i f t i n g  c o l l a r s ,  
some o f  which may be due t o  thermal  r a t c h e t i n g .  
Mhen breaks occur ,  stones and d i r t  g e t  washed 
i n t o  t h e  p i p e  causing f i l t e r s  t o  c l o g  and some- 
t imes h i g h  pressure drops due t o  l a r g e  rocks  
g e t t i n g  i n t o  t h e  system and lodged a t  r e s t r i c -  
t i o n s .  Operat ions t o  d a t e  have been r a t h e r  
severe because t h e  system has n o t  been main- 
t a i n e d  on t h e  l i n e  f o r  a l o n g  t ime  - a l o t  o f  
s t a r t u p s  and shutdowns, and t h e  t r u e  causes of 
r u p t u r e s  a r e  d i f f i c u l t  t o  e s t a b l i s h .  A l though 
numerous f a i l u r e s  have occurred,  extended pe- 
r i o d s  o f  o p e r a t i o n  w i t h o u t  i n c i d e n t  have a l s o  
e x i s t e d .  

The use o f  cement-asbestos p i p e  s t a r t e d  as a 
c o s t  sav ing exper iment .  Longer o p e r a t i o n  as 
p a r t  o f  t h e  supp ly  and i n j e c t i o n  system f o r  t h e  
power p l a n t  i s  needed so t h a t  t r u e  maintenance 
c o s t s  and t i m e  o u t  o f  s e r v i c e  can be balanced 
a g a i n s t  t h e  i n i t i a l  c o s t  sav ings.  I n  a l a r g e r  
p l a n t  w i t h  more w e l l s  t h e  consequence o f  a 
f a i l u r e  may n o t  be as severe. - 

2.  Supply \.!ell Pumps Over t h e  p a s t  f i v e  
yea rs  b o t h  l i n e  s h a f t  and submers ib le  pumps 
have been used i n  t h e  R a f t  R i v e r  w e l l s .  The 
l i n e  s h a f t  pump operated f o r  about  1100 hours 
w i t h o u t  i n c i d e n t  b e f o r e  removal b u t  r e q u i r e s  
complete r e b u i l d i n g .  One t ype  o f  submers ib le  
pump w i t h  a r e l a t i v e l y  small  motor  and i n -  
s t a l l e d  a t  a sha l l ow  depth (app rox ima te l y  240m) 
was a l s o  used e x t e n s i v e l y  and w i t h o u t  s i g n i f i -  
can t  problems. 
hav ing a g r e a t  deal  o f  problems w i t h  e a r l y  
f a i l u r e  o f  t h e  l a r g e  motors on o u r  p r e s e n t  sub- 
m e r s i b l e  pumps which a r e  s e t  a t  600m ( C e n t r i -  
l i f t )  w h i l e  a s m a l l e r  u n i t  o f  t h e  same des ign  
opera ted  f o r  ove r  a month b e f o r e  f a i l u r e .  
chronology of  o u r  pump exper ience i s  g i v e n  i n  
Table 1 .  

Apparen t l y  submers ib le  pumps a r e  designed t o  be 
i n s t a l l e d  and r u n  t o  f a i l u r e .  
o p e r a t i o n  i s  n o t  c o n s i s t e n t  w i t h  t h e  needs o f  a 
power p l a n t  d u r i n g  t h e  startup/shakedown p e r i -  
od. 
f l o w  requi rements t h a t  may be between 60-70% o f  
t h e  r a t e d  f l o w .  
o p e r a t i o n a l  problems i n  b r i n g i n g  a w e l l  on 
l i n e  when obse rv ing  p ressu re  l i m i t a t i o n s  o f  o u r  
cement-asbestos p i p e .  I t  i s  c l e a r  f rom o u r  
exper ience t h a t  much more development i s  neces- 
s a r y  b e f o r e  a t r u l y  s u i t a b l e  pump i s  a v a i l a b l e  
f o r  geothermal a p p l i c a t i o n s .  

However, we a r e  c u r r e n t l y  

A 

T h i s  t y p e  o f  

The submers ib le  pumps a l s o ,  have minimum 

T h i s  f l o w  requ i remen t  causes 

TABLE 1 CHRONOLOGY OF PUMP EXPERIENCE AT RAFT RIVER 

Ins t 2 1 la  t ion S e t  Depth I n s t a l  l ed  
Da te/Well Type Man u f a c t u r e r s  111 ( f t )  H P  Duration - Mo. Time-Hrs. Comments 

11/75-1 

5!77-3 

4178-2 

3!79-5 

9179-1 

9/79-2 

9173-3 

121’73-5 

4/80-1 

4180-3 

4180-2 

5/80-2 

Sub. 

Sub. 

Shaf t  

Sub. 

Sub. 

Sub. 

Sub. 

Sub. 

Sub. 

Sub. 

Sub. 

Sub. 

Reda 

Reda 

Peer less  

Reda 

Cent r i l  i f t  

Centr i  1 i f t  

C e n t r i l i f t  

Reda 

C e n t r i l i f t  

Centr i  1 i f t  

Centr i  1 i f t  

C e n t r i l i f t  

183 (620) 

236 (773)  

244 (802)  

305 (1000) 

616 (5021) 

567 (1860) 

338 

335 

61 6 

31 8 

574 

574 

1110) 

1098) 

2021) 

1042) 

1884) 

1884) 

300 

320 

250 

320 

650 

500 

250 

320 

650 

250 

500 

500 

5 - 1 6  

6 

1 2  

4 

8 

4 

5 

5 

4 

1 /4  

2 

1 / 4  

_-- 

112 

1359 

1060 

568 

114 

0 

0 

85 

8 

800 

0.18 

0.23 

No fa ’ lure  - l a r g e  
f o r  we1 1 

Cable shor ted  on 
g r a t i n g  

No f a i l u r e  - t a i l  
bear ing worn 

No f a i l u r e  - bad 
bear ings 

Shorted - l eak ing  
sea;  s 

Short  on e l e c t r i c a l  
t e s t  

No f a i l u r e  

Fai led - shor t  - 
plrmping sand 

Fai led - iiiotor 

Fai led - s h o r t  

Fai led - s h o r t  

Fai led - s h o r t  
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Power P l a n t  k la te r  T rea tmen t  Geothermal w a t e r  References 
( f r o m  t h e  p l a n t  d i s c h a r g e )  i s  used f o r  c o o l i n g  
tower  makeup because t h e  R a f t  R i v e r  v a l l e y  i s  a 1 .  J .  F .  I - l h i t beck  and R .  R .  P i s c i t e l l a  - 
c l o s e d  w a t e r  b a s i n .  The w a t e r  i s  p r e t r e a t e d  t o  R a f t  R i v e r  5ML.I Geothermal P l a n t ,  Proceed- 
remove s i l i c a  and reduce  hardness so t h a t  
s c a l i n g  w i l l  n o t  o c c u r  i n  t h e  c o o l i n g  system. and Ll'ork Shop, E P R I ,  115-78-98, Oc tober  
The f l u i d  i s  t h e n  t r e a t e d  t o  i n h i b i t  c o r r o s i o n  1978. 
o f  t h e  ca rbon  s t e e l  condenser  t u b i n g .  The 
p rob lem o f  p r e t r e a t i n g  t h e  geothermal  w a t e r  and 
i n h i b i t i n g  c o r r o s i o n  o f  t h e  ca rbon  s t e e l  t u b i n g  
was n o t  c o n s i d e r e d  t o  be a d i f f i c u l t  problem, 
i n  f a c t  i t  was c o n s i d e r e d  w e l l  w i t h i n  t h e  s t a t e -  
o f - t h e - a r t .  T e s t s  p roved  t h i s  o p i n i o n  wrong. 

i n g s  o f  t h e  Second Geothermal Conference 

The o r i g i n a l  w a t e r  t r e a t m e n t  system was de- 
s i g n e d  t o  use d o l o m i t i c  l i m e  w h i c h  f u r n i s h e s  
t h e  magnesium necessa ry  f o r  s i l i c a  r e d u c t i o n  
and t h e  c a l c i u m  o x i d e  w h i c h  when h y d r a t e d  
r e a c t s  w i t h  t h e  c a l c i u m  b i c a r b o n a t e  t o  cause 
c a l c i t e  p r e c i p i t a t i o n .  The d e s i g n  was based 
upon t h e  i n f o r m a t i o n  a v a i l a b l e  a t  t h a t  t i m e  f o r  
s i l i c a  removal  (up t o  a p p r o x i m a t e l y  80 ppm). 
T e s t i n g  has shown t h a t  e x t r a p o l a t i o n  t o  t h e  
160-200 ppm o f  s i l i c a  e x i s t i n g  i n  t h e  geo- 
the rma l  w a t e r  i s n ' t  p o s s i b l e .  Many t e s t s  have 
been pe r fo rmed  t o  e s t a b l i s h  a s i l i c a  r e d u c t i o n  
and s o f t e n i n g  program t h a t  i s  c o m p a t i b l e  w i t h  
o u r  i n s t a l l e d  equipment .  The o v e r a l l  program 
i s  c o m p l i c a t e d  by s e v e r e  p i t t i n g  c o r r o s i o n  o f  
ca rban  s t e e l  ( t h e  condenser  tubes  a r e  carbon 
s t e e l )  w h i c h  i n  o u r  i n i t i a l  t e s t s  p e r s i s t e d  
even when e x t r e m e l y  h i g h  l e v e l s  o f  chromate, 
f a r  i n  excess o f  des ign ,  were added t o  t h e  
w a t e r .  I n  a d d i t i o n ,  normal d i s p e r s a n t  dosages 
a r e  i nadequa te  t o  p r e v e n t  s c a l i n g ,  a p p a r e n t l y  
due t o  t h e  many o t h e r  chemica l  s p e c i e s  p r e s e n t  
i n  t h e  geothermal  w a t e r .  

A t e s t  program i s  c u r r e n t l y  underway t o  e s t a b -  
l i s h  a condenser  c l e a n i n g  and p r e f i l m i n g  p r o -  
cedure  and a i n h i b i t o r  schedu le .  The t e n t a t i v e  
c o n c l u s i o n s  t o  d a t e  a r e :  

1. O p e r a t i n g  c y c l e s  o f  c o n c e n t r a t i o n  
w i l l  be abou t  5 r a t h e r  t h a n  10. 

2. Magnesium c h l o r i d e  w i l l  be used f o r  
s i l i c a  r e d u c t i o n  r a t h e r  t h a n  d o l o m i t i c  l i m e .  

3. Tubes w i l l  be p r e t r e a t e d  w i t h  a phos- 
pha te .  The c o r r o s i o n  i n h i b i t o r  w i l l  be a com- 
b i n a t i o n  phosphate - chromate system. 

perhaps o n l y  3-5 y e a r s .  

e x t r e m e l y  h i g h  - perhaps $30 t o  $40 p e r  y e a r /  
gpm of c o o l i n g  w a t e r  c i r c u l a t e d .  

O the r  w a t e r  t r e a t m e n t  work,  n o t  d i r e c t l y  asso-  
c i a t e d  w i t h  t h e  5MM p l a n t ,  i s  underway a t  R a f t  
R i v e r  t h a t  promises t o  s u b s t a n t i a l l y  reduce  
t h e s e  c o s t s .  

4. Condenser l i f e  may be f a i r l y  s h o r t  - 

5. Chemical t r e a t m e n t  c o s t s  w i l l  be 

5 - 1 7  



GEYSERS UNIT 18 

John P. Finney 
Pacific Gas and Electric Company 

77 Beale Street 
San Francisco, CA 94106, (415) 781-4211 

INTRODUCTION Located in Northern California 
In Lake and Sonoma Counties about 90 miles 
north of San Francisco, Pacific Gas and 
Electric Company's (PGandE's) The Geysers 
Power Plant, which has at present fourteen 
units in service with a net generating 
capacity of 798MW3, is the largest geothermal 
development in the world. 
PGandE units now in construction, design, and 
planning will add 720W of additional capacity 
by 1986. Figure 1 shows the location of this 
project and the locations of the existing and 
future units. 

Eight additional 

This paper discusses evolution of Geysers Unit 
18 through resource and project planning, 
licensing, design, and what is expected during 
construction, and startup. While many of the 
experiences are unique to The Geysers units, 
some could be applicable to other geothermal 
developments. This unit is one of a series of 
110MW units of standardized design which are 
being developed to reduce the cost and improve 
schedules. Construction has just commenced, 
and it is expected to be in commercial 
operation in October 1982. 

RESOURCE PLANNING PGandE's long-range 
electrical resource program is continuously 
reviewed and updated in light of projected 
load growth and the availability and cost of 
alternative generating options and the 
resources they require. In order to minimize 
the cost of power production to serve varying 
electric demand, both peaking and base-load 
units are included in the resource program. 
Since The Geysers unitscurrently are PGandE's 
least costly thermal electric resource they 
are operated in the base-load mode as much as 
possible. 

Another factor in resource planning is the 
contractual obligations between PGandE and its 
steam suppliers at The Geysers, Thermogenics, 
Aminoil USA, and the Magma-Thermal-Union joint 
venture. This last group will furnish steam 
for Geysers Unit 18. Under our  contracts, 
PGandE will install new generation at about 
100MW per year if the steam suppliers prove 
up the geothermal resources required. In this 
phase of the Unit 18 planning, the suppliers 
provided resource data and PGandE's geothermal 
reservoir consultant confirmed the avail- 
ability of steam. 

Regulation also is a major consideration in 
resource planning. PGandE, as a regulated 

utility, must obtain approvals from the 
California Energy Commission (CEC), the 
California Public Utilities Commission (CPUC), 
the County Air Pollution Control Districts 
(APCD's), and other federal, state, and county 
planning and licensing agencies. Their 
regulation ranges from approval of long-range 
resource programs and rate of return on 
investment by the CEC and CPUC to environ- 
mental and reliability reviews on individual 
power projects. These reviews can change 
project lead times and costs which in turn 
can affect the selection of one type of 
generation over another. 

PROJECT SITING AND LICENSING After its 
position in the,resource program had been 
established and the steam reserves to support 
it confirmed, the siting and licensing phase 
of the Unit 18 project was initiated. In 
this phase the site was selected and the 
project cost and a schedule refined. Figure 2 
shows the schedule for Unit 18. 

Site Selection The topography of The Geysers 
area is characterized by northwest trending 
ridges and steep canyons. The ridges vary in 
elevation from 2,500 to 4,700 feet above sea 
level; the canyon floors are as low as 1,200 
feet. Moreover, this area has widely varied 
sensitive environmental features. Site 
selection which must take into account the 
individual characteristics of each site is a 
dynamic process. 

The Unit 18 site selection involved three 
phases and was done by a team of engineers, 
geologists, biologists, and architects who 
were responsible for selecting a site which 
is structurally, environmentally, and 
economically sound. In the initial phase of  
site selection, 18 potential power plant 
sites were identified after reviewing topog- 
raphical and geological maps, aerial photo- 
graphs, and carrying out field reconnaissance 
of the steam supply leasehold. Topographic 
and geologic features, soil characteristics, 
landslides, and faults were catalogued. 
Hydrologic features such as flooding potential, 
erosion, sediment transport, and the existence 
of groundwater, environmental impacts to water 
quality were identified. Aquatic and 
terrestrial ecology, noise, visual and air 
quality, and archaeological and other cultural 
resources within the leasehold were considered. 
Construction constraints such as accessibility, 
cut-and-fill requirements, and material c 
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disposal were noted. The steam supplier's 
surface and subsurface rights at the sites 
were confirmed. Potential transmission line 
routes were identified. Four months were 
required for this phase. After weighing these 
constraints, six sites warranted investigation 
in Phase 11. In this phase a preliminary 
plant layout was prepared for each site which 
showed cut-and-fill slopes, access roads, 
retaining walls, and all areas of surface 
disturbance. These were distributed to the 
siting team members for more detailed 
reconnaissance. Evaluations of environmental 
and visual impacts and hydrological effects 
were updated in light of the more accurate 
information available on the extent of 
disturbance at the sites. Surveys by the 
biologists confirmed the assumptions on 
habitat types used in rating the sites during 
Phase I. 

The siting team evaluated transmission line 
routes from the preferred sites to ensure 
that they are feasible from a construction 
standpoint and that environmental impacts 
can be mitigated. Near the end of Phase I1 
geotechnical evaluations, the best apparent 
sites were investigated by core drilling, 
seismic refraction surveys, and trenching to 
confirm their underlying geological features. 
This revealed that our assumed best site 
required costly foundations and retaining 
walls and it was rejected. 

Because of the extreme topographic features at 
The Geysers, PGandE has been unable to make 
precise models of  dispersion patterns for air 
pollution by mathematical means. Therefore, 
during Phase 11, wind tunnel model tests were 
conducted to evaluate air pollution impacts 
for those sites where a precise analysis was 

F I G U R E  1 

MAP OF THE GEYSERS AREA 
Pacific Gas and Electric Company 

To 
Clear Lake 

Area 

To 
Clear Lake 

Area 
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needed. This method has been found 
to give results similar to tracer studies at 
lower cost. 

At the conclusion of these 10-month studies, 
one power plant site was selected for the 
Phase I11 study. In Phase III, more detailed 
geotechnical investigations were performed on 
the site to determine specific foundation 
design requirements and detailed environmental 
mitigation plans were prepared. 
required four months. Up to this point the 
investigation had been based on balanced 
cut-and-fill site designs. However, at this 
point there remained a diversity of opinion 
among the team members on the best way to 
dispose of material to be excavated from the 
plant site. Engineering and construction 
representatives favored on-site disposal 
while biologists favored disposal of this 
material in an old open-pit mercury mine 
nearby to avoid impacting an environmentally 
sensitive area adjacent to the plant site. 
To balance these views required essentially 
another 15-month;3-phase study of both 
on-and off-site disposal alternatives. In 
the end it was determined that use of a 
combination of on-and off-site disposal was 
both environmentally and economically 
acceptable. 

Phase 111 

Geothermal Licensing Processes Before Unit: 
18 construction could commence, several 
regulatory documents needed approval. 
Preparation of these documents began soon 
after the start of site selection. Since 
the passage of the Warren-Alquist Act, 
projects with a net generation capacity of 
50,000 kilowatts or more are under the 
jurisdiction of the CEC's process which 
requires approval of two documents: the 
Notice of Intention (NOI) and/or the 
Application for Certification (AFC). These 
documents describe the proposed project, its 
purpose, need, design, construction, 
operation, and assess the physical,. economic, 
and sociological impacts of geothermal 
resource utilization at that site. Also 
included in these is information sufficient 
to satisfy an Authority to Construct (A/C) 
with the local Air Pollution Control District, 
and Use, Grading, Building, and Sanitation 
Permits with the appropriate local county 
agencies. 

Because the CEC has designated geothermal 
energy a preferred resource, it has initiated 
an expedited license procedure that is 
shorter than other energy sources. 
month NO1 review process and a nine-month 
AFC review process are required for a 
geothermal unit for which a steam supply is 
not proven or an expedited twelve-month 

A nine- 

AFC review process can be followed if the 
proposed leasehold has been proven to be 
capable of providing steam in commercial 
quantities. Since the steam supply for Unit 
18 had been proven, it followed the one-year 
AFC process. The AFC was approved on May 7,  
1980. 

In addition to CEC certification, a Certificate 
of Public Convenience and Necessity (CPCN) 
must be granted by the California Public 
Utilities Commission (CPUC) prior to the 
construction of a new power plant. This 
contains the location and a general description 
of the proposed generating facility and 
related facilities, a list of the agencies 
responsible for approving the plant, load and 
resource data, and estimated cost information, 
including plant and fuel costs. By regulation, 
the CPUC must issue its decision on these 
applications no later than 30 days after the 
CEC has issued its final decision on the AFC. 
The Unit 18 CPCN was issued June 3, 1980 and 
Power plant site preparation started June 5. 

Even after the regulatory agencies have 
approved the plant they continue to play a 
key role as they closely follow the project 
through design, construction, and operation 
through a Compliance and Monitoring program 
prepared as part of the CEC process. 

Although the Legislature, the CPUC and the CEC, 
have attempted to expedite geothermal power 
plant licensing within the confines of the 
Warren-Alquist Act (which established the CEC), 
the excessive number of reports required have 
made the regulatory process and post-approval 
requirements quite burdensome. 

DESIGN AND EQUIPMENT PROCUREMENT Normally, 
the first items purchased are the turbine- 
generator unit and the condenser which 
largely determine the design of other equip- 
ment and the layout of the plant. However, 
Unit 18 is the second in a series of  standard 
units so major equipment identical to that 
purchased for the first unit, was obtained 
on options. The standard units are 16, 17, 
18, 20, and 21. The turbine building equip- 
ment and its arrangement and the cooling 
tower for these units are identical; however, 
the relative location of turbine buildings 
and cooling towers are varied to accommodate 
the optimum plant arrangement on individual 
sites. The Stretford H2S abatement systems 
for these units have minor differences to ac- 
commodate the varying H2S levels in the steam. 

Figure 3 is a diagram of the power cycle. 

Power Generation System The Toshiba turbine- 
generator units have a guaranteed gross 
capability of 120MW at a steam flow of about 
two million pounds per hour. Turbine inlet 
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pressure is 100 pounds per square inch gauge 
at a temperature of 338 degrees Fahrenheit; 
turbine design back pressure is 3.0 inches of 
mercury absolute. The turbine is a two- 
cylinder, four-flow design. Steam is 
admitted to the turbine through two main stop 
valves, two swing-check valves, and two 
butterfly control valves. 

The generator is a 3,60Orpm, hydrogen-cooled, 
three-phase, synchronous unit rated 137.8 
MVA 13.8kV, 0.9 power factor, and 60 
Hertz. 

Condensate and Circulating Water Systems 
major components of the condensate and 
circulating water systems are the surface 
condenser, condensate pumps, cooling tower, 
and circulating water pumps. 

The surface condenser located directly beneath 
the turbine exhaust hoods has a design 
operating pressure of 3.0 inches of mercury 
absolute. 
is 141,000 gpm at 80°F inlet temperature. 

Condensate is pumped from the condenser hotwell 
to the cooling tower by one of two 100 percent 
capacity vertical, canned-type condensate 
pumps. Each of these pumps is rated at 4,700 
gpm at 119 feet head and is driven by a 200hp, 
1,200 rpm motor; 

An eleven-cell, mechanical-induced draft, 
crossflow cooling tower provides circulating 
water for Unit 18. Each cell has a 28-foot 
diameter, 12-bladed fan powered by a 200 hp, 
1,800 rpm motor. Space for an additional 
cell is provided if increased capacity is 
indicated after operational testing. The 
outside tower dimensions (including the 
extra cell space) are approximately 384 feet 
long, 60 feet wide at the base, and 65 feet 
high. The cooling tower is covered by 
corrugated fiberglass panel end walls and air 
intake louvers. The wood structural members 
are clear heart redwood or pressure treated 
Douglas-fir. The cooling tower is designed 
to reduce the circulating water temperature 
from 105 to 80 degrees Fahrenheit at a 65 
degrees Fahrenheit wet bulb temperature. The 
cooling tower design flow rate is 168,000 gpm 
and the design evaporation rate is 3,400 gpm. 

Two half-capacity vertical, wet-pit circulating 
water pumps pump cool water from the cooling 
tower basin, through the condenser tubes, and 
return it to the top of the cooling tower. 
Each pump is rated at 84,000 gpm at 105 feet 
head, and is driven by a 2,500 hp, 450 rpm 
motor. The circulating water pump sumps are 
adjacent to the tower cold water basin. 

The 

The design cooling water flow rate 

Gas Removal and Atmospheric Emission Control 
Systems The primary atmospheric emission 

control system consists of the surface 
condenser/noncondensible gas removal equipment 
and the Stretford system. In addition, a 
secondary abatement system will be provided. 

The noncondensible gases are removed from the 
condenser by two-stage steam jet ejectors. 
This steam is condensed in separate surface- 
type inter and after condensers which, along 
with associated piping, are mounted on a steel 
structure outside the turbine building. This 
system is designed to exhaust approximately 
10,000 pounds per hour of noncondensible gases 
from the main condenser. 

The Unit 18 Stretford unit designed to scrub 
this noncondensible gas has two modules, 
each capable of processing 300 lbs 
per hour of H2S. 
percent of the H2S flowing to the Stretford 
system is converted to elemental sulfur. The 
elemental sulfur is stored in the molten state 
in an 8,000 gallon enclosed storage tank until 
it can periodically be removed for sale or 
disposal in an approved disposal site. 

The overall hydrogen sulfide abatement effi- 
ciency of the surface-condenser/Stretford 
process depends on the percentage of the 
hydrogen sulfide withdrawn from the surface 
condenser with the noncondensible gases. This 
percentage is referred to as the surface 
condenser "partitioning efficiency" or "split'! 

The surface condenser "split" is dependent on 
the chemical composition of the incoming 
steam, and to a lesser degree on the design 
o f  the condenser. Unfortunately, the exact 
steam composition cannot be determined in 
advance so PGandE will install a secondary 
abatement system to remove the H2S in 
condensate before it can be released to the 
atmosphere in the cooling tower. 
introduces hydrogen peroxide and a catalyst 
into the condensate line ahead of the 
condensate pumps to oxidize the H2S to 
largely soluble sulfur compounds. 

Electrical Systems 
is stepped up to the 230kV transmission 
voltage by a 137 MVA three-phase, power trans- 
former, located adjacent to the turbine- 
generator building. The 13.8kV transformer 
terminals are connected through a powercircuit 
breaker to the generator terminals by cables 
enclosed in a metal duct. The 230kV trans- 
former terminals connect to the transmission 
line through a power circuit breaker and 
circuit breaker disconnect switch. 
Approximately 4,000 feet of new transmission 
line will tie Unit 18 to an existing trans- 
mission line. 

More than 99 

This system 

Power generated at 13.8kV 

The unit will ufie a dual-voltage station 
power system, a 4,160 volt system for the 
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circulating water pump motors and a 480 volt 
system for the condensate pumps, the cooling 
tower fan motors, and other plant auxiliary 
equipment motors. One auxiliary transformer 
is rated at 5,600kVA with a 13.8 kilovolt 
primary and a 4,160 volt secondary and two 
others are rated 3,300kVA with a 13.8 kilovolt 
primary and a 480 volt secondary. 

A 21kV distribution line installed on wood 
poles along with the communication lines 
supplies emergency standby power through a 
750kVA transformer to essential loads such as 
plant lighting, battery chargers, and fire 
pumps. These loads will transfer to the stand- 
by source automatically on failure of the 
normal source. 

Supervisory System Since the Geysers unitsare 
designed for attendance by roving operators, 
conditions that could lead to equipment 
damage will result in an automatic unit shut- 
down or reduced load operation. These 
operators provide around-the-clock. coverage 
seven days a week and make rounds of the units 
in their assigned areas approximately twice 
each eight-hour shift. 

To permit control and monitoring of all the 
units by the plant operator in the central 
control room at Units 5 and 6, a computer-based 
supervisory control system provides a summary 
of each unit's status, signals malfunctions, 
and provides certain control functions. The 
Unit 5 and 6 master station contains two 
cathode-ray tube displays which show unit 
status and alarms, a control console, a tele- 
type events recorder, and a backup annunciator 
system. From each plant site a remote terminal 
unit transmits unit status, alarm, analog and 
accumulator information to the master station 
which alarms, logs, displays, or stores the 
data for the plant operator. A total of 40 
analog values such as pressures, temperatures, 
voltages, currents are transmitted from each 
unit. Twenty status points are used for pumps, 
valves, and breakers. Ten accumulators at 
each station store kWhr meter information. 

From the master station the plant operator 
also can control the following functions 
for each unit: generator power output, voltage 
regulation, main breaker, and main steam valve. 
A communications link between PGandE's Power 
Control Center in San Francisco and master 
station allows the direct transmittal of kW, 
var, volt, kWhr, data, and breaker status. The 
master station also has a backup annunciator 
system that allows the plant operator to recall 
the full display of 20 alarm (annunciator) 
groups for any other unit and acts as a backup 
system when the computer is not in service. 

Two-way radio communication between the plant 
control operator and the roving operators 

provides rapid response to problems. - 
Civil-Structural Features The Unit 18 turbine 
building, housing the turbine-generator and 
most of the mechanical and electrical equipmenf 
is approximately 195 feet long, 85 feet wide, 
and 66 feet high. It is of steel frame 
construction with fluted metal siding. A 
level parapet at the top screens the view 
of the roof ventilators. Several ground level 
entry doors and a 21-foot wide rolling over- 
head door provide personnel and equipment 
access. 

All foundations will be constructed of rein- 
forced concrete. They are designed to the 
requirements of the Uniform Building Code 
(UBC) and Uniform Building Code Standards, 
1976 Edition, and the Building Code Require- 
ments for Reinforced Concrete (ACI 318-77) 
by the American Concrete Institute. 
Foundations will be designed using the 
strength method to resist all applicable 
loads, dead loads, live loads due to wind, 
seismic, and operating equipment. 

Steel structures are also designed to resist 
all applicable loads--dead loads, live loads, 
and lateral loads. 

Equipment will be designed for a combination 
of normal steady state operating stresses 
and seismic stresses. Seismic design will be 
based upon the supporting structure having 
constant simultaneous accelerations of 0.20g 
in a horizontal direction and 0.13g in a 
vertical direction. The turbine-generator 
and condenser designs are not based solely 
on seismic considerations, but on factors 
such as operating forces and core vibration. 
Based on seismic experience at other instal- 
lations, the Toshiba's equipment will not 
suffer damage with a seismic acceleration 
of up to 0.5g. 

CONSTRUCTION AND STARTUP Unit 18 construction 
started June 5 with site preparation work 
which will continue until next November. The 
site f o r  Geysers Unit 18 requires excavating 
approximately 224,000 cubic yards of soil and 
rock. An additional 60,000 cubic yards of 
landslide debris will be removed from the on- 
site disposal area. Approximately 120,000 
cubic yards of excavated material will be 
disposed of at Socrates Mine about one mile 
from the site, and the remaining 164,000 cubic 
yards will be disposed of on-site. Excavation 
to subgrade elevation requires some ripping, 
and it likely that light blasting also will be 
necessary. A concrete crib or reinforced 
earth retaining wall approximately 425 feet 
long with an average height of approximately 
30 feet will be constructed on the west side 
of the site. 
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After completion of site grading, foundations 
will be placed. This takes about six months 
to complete. An on-site concrete batch plant 
will be provided to Facilitate this work. 

Erection of the structural steel and turbine 
building shell will require about four months. 
About four months is also required to complete 
the cooling tower. 

Since equipment lay down area at the site is 
limited, major electrical and mechanical 
equipment for the unit will be delivered by 
rail to the construction storage yard in 
Healdsburg about 35 miles from Unit 18 and will 
be forwarded to the siteas required during con- 
struction. 
by truck to Healdsburg or directly to the site. 

Major equipment installation requires approx- 
imately six months. Startup testing will 
begin about 24 months from the start of 
construction. Following startup testing, 
initial turbine roll and a 48-hour full-load 
run, the unit is shut downfor turbine-generator 
bearing inspection. At the end of a two-week 
bearing inspection period, the unit will be 
returned to service and released for commercial 
operation which is scheduled for October 1982. 

Smaller equipment will be shipped 

A 4,000-foot transmission line to connect 
Unit 18 to an existing line will be built 
simultaneously with the major equipment 
installation. Transmission line construction 
consists of building access roads to tower 
locations, tower erection, right-of-way 
clearing, and conductor stringing. Each tower 
must have an access road for the delivery of 
material and equipment. Existing roads and 
spurs will be used whenever practicable. 
The transmission line traverses brushy and 
heavily timbered terrain so conductor 
stringing trails, 3 to 5 feet wide, will be 
cut continuously along the right-of-way. 
Approximately one-fourth acre at each tower 
location will be cleared to provide working 
space for tower assembly and erection. Trees 
within the 120-foot right-of-way will be cut 
or trimmed as necessary to provide electrical 
and physical clearance for the line's 
successful operation. 

The overall construction period from the start 
of site work to commercial operation is about 
30 months and the overall project from the 
start of site selection to commercial 
operation is 74 months. 
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GEOTHERMAL ELECTRIC PROJECTS FROM A USER'S VIEWPOINT 

James M. Nugent 
San Diego Gas & Electric Company 

New Albion Resources Co. 
101 Ash Street 

San Diego, California 92101 
(714) 232-4252 

The geothermal user's viewpoint in this case 
is somewhat unique. San Diego Gas & Electric 
Company, by virtue of its activity in geo- 
thermal exploration and development since 
1972, is in a position to be considered not 
only a user of geothermal, but a producer as 
well through the activities of its wholly- 
owned subsidiary, New Albion Resources Co. 

A s  the Supervisor of Fuel Development of 
SDG&E and the General Manager of NARCO, I can 
speak from experience on both sides of the 
negotiating table. I have given advice from 
the user's point of view to SDG&E's fuel 
acquisitions people as they labored to nego- 
tiatea contract to buy from a geothermal 
producer of hot water. A s  General Manager 
of NARCO, I am in the position of developing 
geothermal resources and negotiating con- 
tracts to sell some of NARCO's heat to third 
parties . 
So much for the introduction--How does a 
utility, such as SDG&E, view risk in today's 
business climate? The answer to that ques- 
tion is very simple. SDG&E has an allowed 
rate of return of 10.59%. This is based upon 
48% debt, having an inbedded interest cost of 
8.1%; 14% preferred stock, at a cost of 8.2% 
and 42% equity. Out rates are supposed to 
return 14-112% on this equity. Let me put 
these numbers in perspective. In early March 
SDG&E sold $50 million of mortgage bonds 
which bear an interest rate of 16%. In mid- 
March we sold 2-112 million shares of com- 
mon stock for $11.50 per share. The current 
dividend of $1.52 will yield 13.2% and those 
dividends are paid after taxes. When money 
borrowed to build a project costs more than 
you can earn on the project, there is no 
incentive to build that project and certainly 
no incentive to take any risk associated with 

the project. How does SDG&E view risks? 
Simple--don't take any risks which can be 
avoided! Is this attitude likely to change? 
My forecast is, there is no change in sight. 

Does this take SDG&E out of contention as a 
possible market for producers of geothermal 
energy? Not likely. For all of its risk 
aversion, SDG&E still remains one of the best 
potential markets for any energy producer. 

A recent article in FORBES MAGAZINE found 
that SDG&E had the third highest price per 
kilowatt of any utility in the country-- 
5 . 9 ~  per kilowatt hour for commercial cus- 
tomers. That was in March, 1980. Energy 
cost adjustment clause increases resulted in 
an average commercial price per kilowatt 
hour of 7.2C in May. In July it is expected 
to climb to 9.2~. SDG&E's rate territory 
continues to expand at the rate of 5% 
annually and it is,located just over 100 
miles from a major source of geothermal 
heat in the Imperial Valley. But today, 
SDG&E has no commercial geothermal heat or 
power purchase contracts with domestic pro- 
ducers. 

You may ask, "Why not?" With no incentive 
to spend its own money and with a high 
growth rate, what is SDG&E doing to obtain 
capacity for its existing and future custo- 
mers? At the present time, most of SDG&E's 
capital expenditure for generation is going 
to the construction of San Onofre Units 2 
and 3 ,  a nuclear project which has been under 
way for ten years and which is expected to 
start generating commercial power in 1982 
and 1983. San Onofre 2 and 3 will add 440 Mw 
of capacity from a reliable, proven gener- 
ating technology to SDG&E's system. Even 
with the long delay and large capital costs 

n 
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in excess of $1,400 per kilowatt, energy and 
capacity from San Onofre in 1983 will cost 
only 5 . 0 ~  per kilowatt hour at a 70% capa- 
city factor. Restrictions on air quality and 
the use of oil make it very unlikely that 
SDG&E can build additional fossil fuelcapac- 
ity in the next ten years. To move to coal 
gasification or coal liquids also involves 
risks which the utility is unlikely to be in 
a position to take until these fuel tech- 
nologies are demonstrated. Coal-fired plants 
built in California are also risky from the 
standpoint of regulatory approval and envi- 
ronmental licensing. 

San Diego has embarked on a program to 
purchase power from proven generating sources 
within a reasonable distance from its ser- 
vice territory. Where necessary SDG&E will 
build transmission facilities to make pos- 
sible the reliable delivery of that power to 
the load center. The Company is building 
a major transmission line through the Imper- 
ial Valley to Arizona. SDG&E will purchase 
power under contracts negotiated with utili- 
ties in Arizona, in New Mexico and Mexico. 
In these contracts we are looking at proved 
direct-fired coal burning technology in ~ 

Arizona and New Mbxico and proved geothermal 
technology from the operating field at Cerro 
Prieto in Mexico. 

For each of these purchase power contracts, 
there is a payment for capacity and a charge 
for energy taken. You may say, "But if you're 
paying for capacity, you are taking on some 
of the risk for that source of power.'' This 
is true, but the nature of the risk is one 
which is well known and understood to 
utilities and is less of a risk than build- 
ing our own conventional electric generating 
station. 

The prices may sound high by today's stand- 
ards but are not out of line with the alter- 
natives. The New Mexico purchase in 1983 
will cost an average of 5.3c per kilowatt 
hour; the Arizona purchase, an average of 
3.9~ per kilowatt hour (it will increase to 
6 . 5 ~  in 1985 when a new coal plant becomes 
the source) and the geothermal power pur- 
chases from Mexico, an average of 7.8~ per 
kilowatt hour. These prices in 1983 dollars 
include both capacity and energy charges. 
The Arizona and Mexico purchases include 
a guarantee of 100% capacity factor while 
the New Mexico purchase is assumed to be at 

70%. With today's cost of low sulphur resid- 
ual oil passing through $30 per barrel or 
about $5 per million BTU's, SDG&E's current 
cost of oil to fuel its existing generating 
stations is 50 mils per kilowatt hour. In 
1983 it is projected to be 75 mils per kilo- 
watt hour. 

And how about the regulatory environment in 
California and for San Diego? I can say with- 
out hesitation, the California Public Utili- 
ties Commission continues to be very support- 
ive of geothermal electric generation. In 
fact they have ordered SDG&E to aggressively 
pursue its geothermal plans and to file 
semi-annual reports with the CPUC, so they 
may readily follow our progress. The CPUC 
has granted SDG&E R&D expense treatment for 
the construction and operation of the pro- 
posed Heber binary geothermal plant. They 
have encouraged SDG&E through the operation 
of its fuel subsidiary, New Albion Resources 
Co., to take an active role in geothermal 
exploration and geothermal development. How- 
ever, even such significant support as this 
does not permit the utility to raise signi- 
ficant amounts of capital for projects 
based on technologies which have not yet 
been proven successful in this country. 
SDG&E is having difficulty raising capital 
for proven technologies and normal transmis- 
sion and distribution extensions to serve 
its growing service territory. 

Why couldn't the CPUC simply approve a geo- 
thermal plant for SDG&E and assure that the 
carrying costs and operating costs associated 
with the project and any amortization neces- 
sary in the event of failure could be 
included in the utility's rates? SDG&E has 
not suggested this approach. Capital would 
still have to be raised and the very same 
thing that makes SDG&E attractive to geo- 
thermal developers; that is, a relatively 
high cost of electricity, makes it equally 
difficult for the Company and its regulators 
to continue to increase those rates. It is 
not really reasonable to expect the customers 
of one small utility, which is in a good 
position to use geothermal by virtue of 
geography, existing oil-fired plants and 
continuing growth, to bear the burden of 
verifying that the geothermal plants currently 
conceived will work and work well. 

So what can the developer do to penetrate 
this best-of-all markets f o r  geothermal with- 
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o u t  p a s s i n g  t h e  burden of r i s k  on t o  t h e  
u t i l i t y ?  What are t h e  c o n t r a c t u a l  o p t i o n s  
t h a t  w e  can conceive o f ?  The s i m p l e s t  one- 
p a r t y  approach would be  f o r  t h e  u t i l i t y  t o  
own and o p e r a t e  t h e  r e s e r v o i r ,  f i n a n c e  and 
o p e r a t e  t h e  p l a n t  and d e l i v e r  t h e  power t o  
i t s  s e r v i c e  t e r r i t o r y .  However, t h i s  p l a c e s  
t h e  maximum r i s k  on t h e  u t i l i t y ,  i t s  share-  
h o l d e r s  and i t s  customers. Another o p t i o n  
would be  f o r  t h e  u t i l i t y  t o  purchase geo- 
thermal  h e a t  from a r e s e r v o i r  deve loper  and 
f i n a n c e  and b u i l d  i t s  own p l a n t .  This  i s  
a system which has  worked s u c c e s s f u l l y  a t  
t h e  Geysers. However, t h e  element of r i s k  
remains f o r  t h e  investment  i n  t h e  p l a n t  and 
t ransmiss ion ,  and conceivably f o r  t h e  
r e s e r v o i r  i f  t h e  r e s e r v o i r  o p e r a t o r  r e q u i r e s  
t h e  u t i l i t y  t o  a s s u r e  t h a t  i t s  energy con- 
v e r s i o n  technology w i l l  work s a t i s f a c t o r i l y .  

What o p t i o n  might look good t o  a u t i l i t y ,  
such as SDGGrE , a t  t h i s  p o i n t  i n  t i m e ?  It 
i s  t h e  o p t i o n  w e  are now fo l lowing  f o r  t h e  
b u l k  of our  g e n e r a t i n g  needs.  We w i l l  pur- 
chase  power from a p l a n t  owned by a t h i r d  
p a r t y  and pay f o r  c a p a c i t y ,  w h e r e  c a p a c i t y  
i s  proven t o  e x i s t ,  and energy as i t  i s  
d e l i v e r e d .  

To produce power f o r  sa le  t o  a u t i l i t y  re- 
q u i r e s  t h e  coopera t ion  of t h e  geothermal  
r e s o u r c e  deve loper ,  t h e  p l a n t  owner and opera- 
t o r ,  and t h e  u t i l i t y  as w e l l  as a l l  t h e  
involved  r e g u l a t o r y  agencies .  This  i s  some- 
t h i n g  which can  b e  done and ,  i n  f a c t ,  i s  now 
be ing  proposed. However, t h e  u t i l i t y  does 
n o t  want t o  pay f o r  power which t h e  p l a n t  
cannot  g e n e r a t e  o r  t o  pay h i g h e r  c o s t s  f o r  
energy because t h e  p l a n t  o r  r e s e r v o i r  does 
n o t  o p e r a t e  p r o p e r l y .  S ince  t h e  u t i l i t y  

i s  unwi l l ing  t o  make such guarantees  t o  t h e  
p l a n t  owner, i t  i s  l i k e l y  t h e  p l a n t  owner 
w i l l  be unwi l l ing  t o  make such g u a r a n t e e s  
t o  t h e  r e s e r v o i r  owner. Therefore ,  t h e  
c o n t r a c t s  connect ing u t i l i t y  t o  p l a n t  and 
p l a n t  t o  r e s e r v o i r  must be  s k i l l f u l l y  w r i t -  
t e n  t o  provide  s u i t a b l e  i n c e n t i v e s  t o  i n s u r e  
performance. The r e s u l t  would be  t h r e e  
e n t i t i e s  who s t a n d  t o  make a p r o f i t  and 
serve a need i f  t h e  t o t a l  system f u n c t i o n s  
p r o p e r l y .  

Each o f  t h e s e  e n t i t i e s  should  b e a r  t h e  r i s k  
f o r  t h e  s u c c e s s f u l  o p e r a t i o n  of i t s  p o r t i o n  
of t h e  p r o j e c t .  I f  any of t h e  t h r e e  h a s  t o  
l e a n  on t h e  o t h e r s  f o r  f i n a n c i a l  s u p p o r t ,  
i t  can be  expected t h a t  t h e  p r o j e c t  w i l l  
t o p p l e  l i k e  a s t r i n g  of  dominoes. I have 
no doubt t h a t  most of t h e  mechanisms are 
i n  p l a c e  t o  a l low such a p r o j e c t  t o  b e  put  
t o g e t h e r .  For example: A r e s e r v o i r  could 
be  f inanced  wi th  r i s k  c a p i t a l  which could 
t a k e  advantage of t a x  b e n e f i t s  a s s o c i a t e d  
w i t h  d r i l l i n g  and o p e r a t i o n s .  The g r e a t e s t  
burden of c a p i t a l  i s  p laced  on t h e  p l a n t  
owner and o p e r a t o r .  

It i s  h e r e  t h a t  F e d e r a l  Loan Guarantees  
implemented a t  a reasonable  pace could c a r r y  
t h e  r i s k  of t e c h n o l o g i c a l  development. 
The u t i l i t y  w i l l  have t o  b e a r  t h e  r i s k  of 
o b t a i n i n g  a t r a n s m i s s i o n  p a t h  from t h e  s i t e  
of t h e  geothermal  p r o j e c t  t o  i t s  s e r v i c e  
t e r r i t o r y  and t h e  r i s k  of no power i f  
e i t h e r  t h e  p l a n t  o r  t h e  r e s e r v o i r  f a i l s .  I 
b e l i e v e  where a s i g n i f i c a n t  r e s o u r c e  is 
i n d i c a t e d ,  u t i l i t i e s  w i l l  b e  w i l l i n g  t o  
c a r r y  t h i s  r i s k .  It i s  normal t o  t h e i r  
b u s i n e s s .  

A 
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FINANCING POWER PLANT PROJECTS 

Lee Haney 
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San Diego Gas & E l e c t r i c  Company 

In t roduct ion  The f inanc ing  of a geothermal 
power p l a n t  has a unique c h a r a c t e r i s t i c  which 
i s  not  p re sen t  wi th  conventional o i l ,  coa l ,  o r  
nuclear power p l a n t s  and which has  slowed devel- 
opment of geothermal resources .  That unique 
c h a r a c t e r i s t i c  i s  t h e  increased  r i s k  a s  per- 
ceived by u t i l i t i e s ,  banks and l e s s o r s  and t h e  
unpred ic t ab i l i t y  of those  r i s k s  as perceived by 
insurance companies. 

From a u t i l i t y  company perspec t ive ,  t h e  increased 
r i s k  i s  t h e  p o t e n t i a l  f i n a n c i a l  loss t o  t h e  
s tockholders  i n  t h e  event  t h e  power p l a n t  is 
unable t o  economically produce e l e c t r i c i t y  due 
t o  dep le t ion ,  s c a l i n g  o r  o the r  problems. Such 
an even tua l i t y  could r e s u l t  i n  t he  u t i l i t y  
having t o  “wr i te -of f“  t h e  value of t h e  a s s e t  
and pass  t h e  loss on t o  t h e  stockholders.  Banks, 
l e s s o r s  and o t h e r s  sha re  these  same concerns f o r  
t h e i r  stockholders;  thus ,  a r e  w i l l i n g  t o  f inance  
power p l a n t s  only i f  most of t h e  f i n a n c i a l  r i s k  
i s  borne by t h e  u t i l i t y .  

Retention of f i n a n c i a l  r i s k  by t h e  u t i l i t y  can 
take  t h e  form of a “ h e l l  o r  h igh  water” power 
purchase con t r ac t  wherein t h e  u t i l i t y  makes pay- 
ments even when no power i s  being produced, o r  
an indemnity agreement wi th  a p l a n t  l e s s o r  
wherein t h e  u t i l i t y  agrees  t o  indemnify t h e  
l e s s o r  i n  t h e  event he l o s e s  any of the  t ax  o r  
income b e n e f i t s  contemplated, o r  a c r e d i t  agree- 
ment wi th  a bank o r  o t h e r  source of funds where- 
i n  t h e  u t i l i t y  company’s genera l  c r e d i t  backs 
up t h e  ob l iga t ion .  

A s  a r e s u l t  o f  t h e i r  percept ion  of increased  
r i s k ,  u t i l i t i e s  have been searching f o r  ways t o  
reduce t h e  r i s k  t o  t h e i r  stockholders by s h i f t -  
i ng  it e i t h e r  t o  t h e  taxpayer i n  the  form of  a 
DOE g ran t  o r  DOE loan  guarantee,  o r  t h e  r a t e -  
payer i n  t h e  form of Publ ic  U t i l i t y  Commission 
(PUC) approvals o r  o the r  shar ing .  Other poten- 
t i a l  methods f o r  reducing r i s k  may e n t a i l  f ind- 
i ng  a p l a n t  l e s s o r  o r  o the r  e n t i t y  w i l l i n g  t o  
accept some of t h e  r i s k  i n  exchange f o r  a higher 
r a t e  of r e tu rn ;  ob ta in ing  insurance; o r  some 
combination of DOE loan guarantee,  l e a s e  and 
insurance.  

No attempt has been made t o  inc lude  the  view- 
p o i n t  of municipal u t i l i t i e s  i n  t h i s  r e p o r t .  
While they and t h e i r  ra tepayers  may have t h e  
saye concerns about t he  increased economic 
r i s k s ,  t he  sources of f inanc ing  are substan- 
t i a l l y  d i f f e r e n t ;  thus ,  t h e  r i s k  of l o s s  t o  t h e  
stockholders i s  not  a concern. 
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Financing Options Included he re in  i s  a b r i e f  
d i scuss ion  of t h e  f inanc ing  a l t e r n a t i v e s  ava i l -  
ab l e  f o r  cons t ruc t ion  of a power p l a n t .  This 
inc ludes  a b r i e f  desc r ip t ion  of t h e  source of 
t h e  funds,  examples of  u t i l i t i e s  o r  o t h e r s  cur- 
r e n t l y  o r  prospec t ive ly  using a p a r t i c u l a r  a l -  
t e r n a t i v e ,  advantages and disadvantages and who 
accepts  t he  f i n a n c i a l  r i s k .  

1. Trad i t iona l  This a l t e r n a t i v e  e n t a i l s  one 
o r  more of t he  following: common s tock ,  
p re fe r r ed  s tock ,  bonds, bank borrowing and 
i n t e r n a l  genera t ion  of funds f r o m  o the r  
opera t ions .  A u t i l i t y  t y p i c a l l y  u t i l i z e s  
var ious  forms of short-term borrowing dur- 
ing  cons t ruc t ion  and each of t h e  o the r  
sources f o r  f inanc ing  t h e  a s s e t  during t h e  
ope ra t iona l  per iod .  P a c i f i c  Gas & E l e c t r i c  
Company i s  using these  sources a t  The Gey- 
s e r s .  With t r a d i t i o n a l  f inanc ing ,  t he  
common stockholders earn  a r e t u r n  on t h e i r  
investment and, as a r e s u l t ,  could be re -  
qu i red  t o  acc:ept any loss. Since the  bene- 
f i t s  of geothermal power would be accruing 
t o  the  customers, it may be poss ib l e  t o  
ob ta in  PUC approval t o  amortize t h e  loss i n  
customer r a t e s ,  thus  r e l i e v i n g  t h e  stock- 
holder .  (Note t h a t  l i q u i d  dominated r e se r -  
v o i r s  wi th  t h e i r  p o t e n t i a l  f o r  problems due 
t o  sca l ing ,  cor ros ion ,  r e i n j e c t i o n ,  sub- 
sidence,  e t c .  b r ing  an element of increased 
r i s k  f o r  which u t i l i t y  stockholders may not 
rece ive  add i t iona l  compensation under cur- 
r e n t  r egu la t ion . )  

2 .  R E, D Funds This i s  a special concept de- 
veloped t o  fund SDG&E1s share  of  t h e  Heber 
b inary  commercial demonstration p l a n t .  
Since t h e  b inary  process i s  unproven f o r  a 
commercial s i zed  genera t ing  u n i t ,  t h e  con- 
s t r u c t i o n  c o s t s  can be appropr ia te ly  in-  
cluded i n  Research and Development, thus  
included i n  cu r ren t  customer r a t e s  as a r e  
o the r  R & D cos t s .  

Several  f a c t o r s  made t h e  concept workable 
f o r  t h i s  p r o j e c t  which*may o r  may not  be 
a v a i l a b l e  f o r  o the r  p ro jec t s .  F i r s t ,  t h e  
DOE has agreed t o  fund 50 percent  of t h e  
cos t .  Second, EPRI and o the r  u t i l i t i e s  
have agreed t o  fund a po r t ion  of t h e  p ro j -  
e c t  i n  exchange f o r  opera t ing  d a t a  and, i n  
t h e  case  of t h e  u t i l i t i e s ,  an ownership 
i n t e r e s t .  Third,  SDG&E has  decided t o  re- 
duce o the r  R & D expenditures i n  order  t o  
commit t he  necessary R & D funds t o  t h e  



Heber p ro jec t .  F ina l ly ,  t h e  PUC had deter-  
mined t h a t  it i s  i n  t h e  b e s t  i n t e r e s t  of 
SDG&E's customers and the  people of t he  
S ta t e  of Cal i forn ia  fo r  t h i s  p ro jec t  t o  be 
undertaken i n  order t o  demonstrate t he  po- 
t e n t i a l  commercial value of geothermal 
energy from the  Heber r e se rvo i r .  

The advantages of these  sources of funds t o  
SDG&Earethat t he re  is  no need t o  r a i s e  
c a p i t a l ,  there  i s  no r i s k  t o  the  stockholder 
and SDG&E customer's r a t e s  a r e  lower than 
they would have been using conventional 
financing. The r i s k s  a re  d i s t r i b u t e d  t o  
the  various sources of funds: f o r  SDG&E - 
t he  customers; f o r  DOE - t he  taxpayers; f o r  
EPRI  - a l l  cont r ibu t ing  u t i l i t i e s '  customers; 
fo r  d i r e c t  cont r ibu t ions  t o  the  p ro jec t  from 
other  u t i l i t i e s  - depends on each u t i l i t y ' s  
spec i f i c  r a t e  treatment.  

3 .  DOE Cost Sharing Both the  Public Service 
of N e w  Mexico f l a s h  p l a n t  and the  SDG&E 
binary p l a n t  w i l l  be p a r t i a l l y  funded by 
the  DOE. A s  already discussed, t h i s  r e s u l t s  
i n  the  DOE supplying a por t ion  of t he  capi- 
t a l  cos t s  a s  well  as accepting some of t he  
f inanc ia l  r i s k  i n  the  event of p r o j e c t  f a i l -  
ure.  The DOE cost sharing w i l l  r e s u l t  i n  a 
lower busbar cos t .  Disadvantages a r e  the  
delay i n  s t a r t i n g  construction and the  po- 
t e n t i a l  of increased c o s t  as a r e s u l t  of 
working with a government agency. 

4. Leveraged Lease A leveraged l ease ,  o r  t a x  
leveraged l ease ,  allows the  equity inves tor  
t o  increase  h i s  y i e ld  from the  l ea se  by 
borrowing, o r  "leveraging", a l a rge  por t ion  
of t he  c o s t  of t he  a s s e t .  The l ease  pay- 
ments and asset a r e  pledged t o  t h e  lender 
as secu r i ty .  A s  a r e s u l t  t he  lender does 
not have recourse t o  the  equity inves tor .  
Thus, t h e  equ i tysource typ ica l ly  inves t s  
25-40 percent of t he  a s s e t  value and re- 
ceives 100 percent of t he  t ax  bene f i t s ,  any 
r e s idua l  value a t  t he  end of the  l ea se  
t e r m ,  t h e  por t ion  of t he  l ea se  payment not 
dedicated t o  repaying t h e  debt and i n t e r e s t  
thereon and incurs  no r i s k .  N o  r i s k  is  
incurred by t h e  l e s so r  because the  lessee 
s igns  an indemnity agreement wherein l e s see  
agrees t o  pay l e s so r  f o r  any l o s s  of income 
due t o  ITC recapture o r  o ther  event.  

Since geothermal power p l an t s  qua l i fy  f o r  
t h e  "a l t e rna t ive  energy c r e d i t " ,  a l e s so r  
can rece ive  15 percent of the  a s s e t  cos t  as 
an energy t ax  c r e d i t  i n  addi t ion  t o  t h e  10 
percent investment t ax  c r e d i t  ( I T C ) .  An 
add i t iona l  bene f i t  of t he  energy c r e d i t  i s  
t h a t  it i s  not subject to  "recapture",  o r  
repayment t o  the  IRS, i n  the  event of l o s s  
o r  abandonment of the  p ro jec t  a s  is the  ITC.  
Ordinar i ly ,  a u t i l i t y  o r  o ther  e n t i t y  w i l l  
not en te r  i n t o  a t ax  leveraged l ease  unless  
they a r e  unable t o  u t i l i z e  on a t imely b a s i s  

the  t ax  bene f i t s  d i r e c t l y .  I f  t he  l e s see  
i s  paying l i t t l e  o r  no taxes due t o  t ax  
loss carryforwards, cur ren t  year t ax  lo s ses  
o r  l a rge  depreciation deductions, he may be 
unable t o  f u l l y  u t i l i z e  the  t ax  bene f i t s .  
In  Cal i forn ia  and i n  some o the r  states the  
u t i l i t i e s  commission flows t a x  bene f i t s  
through t o  the  customers i n  the  form of 
lower r a t e s .  Thus, i f  a u t i l i t y  i n  a 
"flow through" s t a t e  is paying taxes ,  t he  
customer bene f i t s .  However, i f  t he  u t i l i t y  
is  not paying taxes a leveraged l e a s e  can 
provide the  same bene f i t  t o  t h e  customer. 
(There may be circumstances where t h e  ITC 
would be re ta ined  by the  l e s see  and the  
energy c r e d i t  and/or o ther  t ax  bene f i t s  
received by t h e  l e s so r  o r  equi ty  source.) 

The lessee ( u t i l i t y )  rece ives  bene f i t  from 
a leveraged lease because the  l e s so r  i n  
e f f e c t  shares a por t ion  of t he  t ax  bene f i t s  
by reducing l ease  r a t e s .  The e f f e c t i v e  
l ea se  r a t e  would be 4 percent o r  more l e s s  
than the  l e s s e e ' s  borrowing cos t  from the  
s a l e  of F i r s t  Mortgage Bonds. This u l t i -  
mately w i l l  r e s u l t  i n  a lower cos t  of 
e l e c t r i c i t y  f o r  t he  customer. 

In addi t ion  t o  the  advantage of lower r a t e s  
and u t i l i z a t i o n  by o the r s  of tax  c r e d i t s  
unusable by the  u t i l i t y ,  t he  s a l e  leaseback 
of t he  a s s e t  represents  an addi t iona l  source 
of c a p i t a l  t o  the  u t i l i t y .  A disadvantage 
of l ea se  financing i s  t h a t  the  u t i l i t y  has 
a f ixed  long-term obl iga t ion  which i s  viewed 
by the  f inanc ia l  community a s  a form of 
debt .  This increases  the  perception by in- 
ves tors  of increased r i s k  f o r  which they 
a r e  not receiving an increased re turn .  
There i s  a l so  a need f o r  t he  l e s so r  t o  be 
exempted from the  holding company a c t .  This 
w i l l  r equi re  PUC exemption and may requi re  
S t a t e  l e g i s l a t i o n  a s  well .  

An independent r e se rvo i r  engineer w i l l  be 
required t o  provide h i s  opinion t h a t  t he re  
i s  reasonable evidence the  r e se rvo i r  w i l l  
l a s t  longer than t h e  l ea se  term. Specifi-  
c a l l y ,  t he  l ea se  term cannot be longer than 
80 percent of t he  usefu l  l i f e  of t he  reser -  
vo i r  to  m e e t  IRs requirements f o r  t h e  l e s so r .  

There a r e  some who f e e l  t h a t  i n  r e tu rn  f o r  
t he  25 percent t a x  c r e d i t s  the l e s so r  should 
be wi l l i ng  t o  accept some of t he  f inanc ia l  
r i s k  associated with t h e  power p l a n t  as a 
r e s u l t  of deple t ion  of t he  r e se rvo i r ,  sca l ing ,  
subsidence, e t c .  That concept has Been d i s -  
cussed with equity sources w i t h  t he  r e s u l t  
t h a t  t he  po ten t i a l  l e s s o r ( s )  have been w i l l -  
ing t o  accept c e r t a i n  d i s c r e t e ,  low prob- 
a b i l i t y  r i s k s  such a s  complete f a i l u r e  of 
t he  r e se rvo i r ,  but have been unwilling t o  
accept a percentage share of a l l  r i s k s .  This 
"sharing" of r i s k  leaves the  more probable 
r i s k s  with the  u t i l i t y ,  which may s t i l l  be 
unwilling t o  cons t ruc t  t h e  power p l an t .  
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ca, 
In 1978, SDG&E completed a leveraged lease 
transaction on an oil-firedplant for $132 
million. Public Service f New Mexico is 

on the portion of the Baca plant unfunded 
by the DOE. mother utility is evaluating 
whether to use traditional financing with 
the DOE loan guarantee or a leveraged lease 
with the DOE guarantee. 

currently negotiating for B/ a leveraged lease 

Risk Reducing Options 

1. DOE Loan Guarantee The DOE loan guarantee 
is not a source of funds, but instead is a 
means of transferring risk from the borrower 
to the DOE. Instead of the general credit 
of a utility or other entity being utilized 
to support a borrowing, the guarantee is 
used. The guarantee will cover 75 percent 
of the project cost leaving 25 percent of 
the risk for the owner. 

Public utilities have been reluctant to 
utilize the DOE toan guarantee primarily be- 
cause of the default provision which, in 
effect, requires the borrower to "default" 
in order to have the DOE repay the lender. 
This reluctance is due to cross-default 
provisions in other credit agreements which 
result in default on all agreements when 
there is default on one. 

As a means of avoiding this potential prob- 
lem it has been suggested that a subsidiary 
or other entity borrow the funds and obtain 
the DOE loan guarantee. This too is per- 
ceived to be unacceptable from the viewpoint 
of a public utility due to concern that a 
utility subsidiary default will be viewed 
as a weakness in the parent company by the 
financial community or by stockholders. 

The DOE is aware of these difficulties and 
has been working on ways to allay utility 
concerns. A promising idea which the DOE 
is currently considering would involve a 
subsidiary borrowing the money and obtaining 
the DOE guarantee but would also include the 
following two items in an additional docu- 
ment. First, if the sale of the electricity 
is not generating sufficient income for the 
subsidiary to continue payments, the parent 
company could step in or if the problem is 
unsolvable the DOE would step in. Second, 
an agreement between the subsidiary and the. 
DOE would result in transferring the collat- 
eral to the DOE in such an event. This 
structure is in the formative stages, but, 
if concluded, would allow the subsidiary to 
avoid default and would result in limiting 
the liability of the borrower through a 
non-recourse loan. 

2. Insurance This method of reducing risk to 
the stockholders has not proven to be satis- 
factory to date due to its high cost and 

3. 

4. 

very limited coverage. Apparently no in- 
surance company has been willing to provide 
insurance which covers the risk of partial 
or total shutdown of the plant due to deg- 
redation of temperature, pressure or flow 
rate of the reservoir or due to scaling, 
corrosion or environmental problems. Will- 
ingness to cover only catastrophic loss at 
high cost does not really help the power 
plant owner. 

Purchased Power It may be possible in some 
circumstances for the resource developer to 
construct the generating facility and sell 
the power to the utility with a contractual 
agreement which removes the risks from the 
utility. In so doing, the developer must 
sell the power within an acceptable range 
of the cost of alternative sources of power 
while at the same time receiving a return 
which compensates for the risk. 

The developers are only willing to do this 
in order to accelerate development and use 
of the geothermal resource. It is not 
viewed as a long-term acceptable solution. 
Ultimately the utilities must fulfill their 
role of building power plants and purchasing 
fluid or steam from the developer. 

Combinations The financing options and the 
risk reduction options can be combined in 
a number of ways. For example, the DOE 
loan guarantee and insurance can, and per- 
haps should, be used in conjunction with 
traditional as well as leveraged lease 
financing. 

Requirements to Accelerate Construction of 
Geothermal Power Plants 

1. PUC Action Utility commissions need to 
recognize b0t.h the potential for high cost 
and the high risk of geothermal power. This 
recognition must be translated into de- 
cisions which result in protecting the bene- 
fits to the customer. Additional action 
might be to include construction work in 
progress in the earning base of the utility. 
This would cover carrying costs during con- 
struction and reduce financial risk. 

In California, utility customers receive a 
very important benefit in return for 
accepting the costs of geothermal power. 
This benefit is the opportunity to develop 
a resource that is not imported, either in 
the form of fuel oil or purchased power. 
Additionally, the opportunity to reduce 
dependence on imported fuel oil could re- 
lieve customers from the threat of embargo 
and could result in a lower cost of power 
in the future. 
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3 .  

4.  

Operating Results The u n i t s  cu r ren t ly  
opera t ing  o r  i n  planning s t ages  need a 
per iod  of opera t ion  i n  order  t o  supply 
da t a  and hopefully reduce t h e  percept ion  
of high r i s k .  

S t a t e  o r  Federal  insurance coverage of 
r i s k s  insurance companies a r e  unwill ing t o  
cover would p r o t e c t  stockholders and cus- 
tomers and make u t i l i t i e s  more w i l l i n g  t o  
move forward. 

A s t a t e  funded g ran t  program s i m i l a r  t o  
the Federal  DOE gran t  program would be 
he lp fu l .  

Summary I n  summary, u t i l i t i e s '  percept ion  of 
increased r i s k  when compared t o  conventional 
genera t ing  u n i t s  and t h e  p o t e n t i a l l y  high bus- 
bar  c o s t  of e l e c t r i c i t y  have been s i g n i f i c a n t  
f a c t o r s  i n  preventing development of geothermal 

e l e c t r i c  generation. Use of t h e  DOE loan  guar- 
an tee  would be very b e n e f i c i a l  i n  reducing t h e  
r i s k  exposure t o  stockholders;  however, DOE 
r egu la t ions  regarding d e f a u l t  have made u t i l i -  
t i e s  r e l u c t a n t  t o  u t i l i z e  the  guarantee.  The 
DOE and o the r s  a r e  working on a means t o  a l l a y  
these  concerns. Given the  DOE'S d e s i r e  and 
mandate t o  acce le ra t e  development of a l t e r n a t i v e  
energy supp l i e s ,  t he re  is reason t o  be optimis- 
t i c  about t h e  loan  guarantee being u t i l i z e d  by 
u t i l i t i e s .  Other means of reducing r i s k  in-  
clude: t h e  l e s s o r  i n  a l e a s e  f inanc ing  accept- 
ing  a percentage of a l l  r i s k s ,  s t a t e  o r  Federal  
insurance covering a l l  r i s k s  and u t i l i t y  com- 
missions'  dec is ions  which r e f l e c t  t h e i r  recog- 
n i t i o n  of higher c o s t  and r i s k .  

Construction of power p l a n t s  i s  l i k e l y  t o  be 
slower than many would l i k e  u n t i l  stockholder 
r i s k s  a r e  adequately pro tec ted  and u n t i l  some 
geothermal p l a n t s  have provided opera t ing  h i s -  
t o r y  which reduces t h e  percept ion  of r i s k .  

n 
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ASSURING RESERVOIR PERFORMANCE 

James M. Nugent 
San Diego Gas & Electric Company 

New Albion Resources Co. 

San Diego, California 92101 
101 Ash Street 

(714) 232-4252 

Those who are involved in assuring reservoir 
performance or who want to be assured of reser- 
voir performance are: 

Reservoir Operator 
Plant Owner/Operator 
Utility 
Customer/PUC - Municipal Government 
Financial Institutions 

The reservoir companies are risk takers. They 
will explore. They will test and measure. They 
will conduct reservoir engineering. They will 
conduct reservoir modeling. Their managements 
will commit funds to develop. Reservoir com- 
panies tend to be advocates of their product. 
They should be more candid. We have heard at 
this conference of hydrogen sulfide gas prob- 
lems at The Geysers, injection system and in- 
jection well plugging at the SDG&E/DOE Geo- 
thermal Loop Experimental Facility, inadequate 
well production at the East Mesa Reservoir, 
high injection pressures at the Brawley Reser- 
voir and other real reservoir difficulties. 
These must be addressed factually and solutions 
sought. 

The utilities and/or plant constructors and 
operators are not risk takers. Under current 
regulatory structure, they have no incentive to 
take any risk. They are troubled by perceived 
risks which may be real or imagined. To put 
these perceived risks into perspective, the 
u t i l i t i e s  or p l a n t  c o n s t r u c t o r s  and o p e r a t o r s  
should be involved in exploration and develop- 
ment at an early date. They need a better un- 
derstanding of the downhole environment. Before 
they make significant investments on any reser- 
voir, they want to see the reservoir work. To 
accomplish this, as we have heard at this con- 
ference, they are building 10 MW facilities 
and no one is taking the commercial size step 
without outside help. 

The utilities on the panel indicated they would 
buy geothermal heat if the reservoir operator 
would guarantee the reservoir for the life of 
the power plant. Some reservoir operators do 
not want to do this and those who will want the 
plant's operation guaranteed via fixed payments 
foy heat or a long-term take-or-pay contract. 

Utility customers as represented by public 
utility commissions or municipal governments 
would like to see geothermal on the line. It 
is apparent from our discussions that they 
will not see it unless the customers share 
somehow in the risk of getting things moving. 
Innovative rate treatment can provide incen- 
tives and this has been done in California. 
The Energy Exploration and Development Adjust- 
ment encourages utilities to participate in 
exploration and development. The Geothermal 
Loop Experimental Facility received favorable 
R&D expense treatment by the PUC. The Heber 
50 MW binary demonstration has received sup- 
port from the CPUC and R&D expense treatment. 
The Brawley 10 Mw project is being handled 
primarily as an RLD expense treatment. With 
the exception of the 50 MW binary demonstration 
and a 50 MW flash plant at Heber, support has 
been limited to R&D efforts at 10 MW size. 

The financial institutions will not take risks. 
They also need t:o be informed and educated 
about geothermal. reservoirs and plants. The 
geothermal community should continue to involve 
the financial institutions. 

The workshop has identified some basic ob- 
servations: 

Sandstone reservoirs are better under- 
stood than fractured reservoirs. 

A l o t  of hard  d a t a  can be obta ined  for 
a given reservoir regarding its size, 
depth, temperature, heat transfer char- 
acteristics and fluid quality or 
chemistry. 

Utilities generally do not understand 
the below-ground technology. If they 
accept the existence of a reservoir, 
they are concerned that the conversion 
technology will not work well enough to 
be cost effective. ' 

Heber is probably the most thoroughly 
measured, tested, modeled and reviewed 
reservoir in existence. Yet, no inde- 
pendent risk-taking action has been ob- 
served regarding plant construction on 
this reservoir. 

I 
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A 10 MW plant built five years ago on a e 
reservoir, such as Heber, would have 
greatly helped everyone's need for 
assurance even though it would not thor- 
oughly test reservoir longevity. 

The workshop recommends the following actions: 

Utilities should develop a technical staff 

format'ion; preferably this would be de- 
veloped as in-house expertise. 
ties should get involved early and be 
willing to carry the risk of loss of gen- 
erating capacity if a geothermal project 
should fail. 0 

capable of understanding reservoir in- 0 

The utili- 

Reservoir companies should carry the risk 
of their investment in the reservoir. 
They should not require take-or-pay 
contracts. 

Reservoir companies should work to involve 
the utility at an early date. 

Reservoir companies should avoid the pit- 
falls of advocacy and be more candid with 
t h e i r  po ten t i a l  customers. 

Utility customers should pick up the risk 
and the benefits of early geothermal de- 
velopment undertaken by utility companies 

e 

Public utility commissions or municipal 
governments should give utilities incen- 
tives to develop, such as construction 
work in progress, R&D expense treatment 
of early plants, rapid write-off of com- 
mercial plants and amortization of geo- 
thermal plant investment if the project 
should fail. 

Financial institutions need to become in- 
formed of the realities of reservoir ex- 
ploration, development and operation. 
Utilities should work to inform the finan- 
cial institutions of the facts. 

Electric Power Research Institute should 
publish its geothermal reservoir handbook. 
EPRI should continue to inform utilities 
of developments in geothermal technology, 
both in the reservoir and in the plant. 

All of the parties interested in reservoir 
assurance should share a portion of the 
risk. They should recognize the very real 
need for operating hardware in the field 
and get to work together to build it. 
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ACHTEVING TECHNXCAL PERFOWCE 

S. G. Unitt 
Fluor 

3333 Michelson Drive 
Irvine. CA 92730 

Introduction The group discussions relating to 
achieving technical performance addressed the 
facilities for handling, conversion and utili- 
zation of geothermal energy for electric power 
production. The discussion specifically ex- 
cluded reservoir performance as this was the 
subject of a parallel workshop, 

It became obvious during the session that time 
would not permit adequate coverage of the topic 
without extensive generalization in areas where 
the problems are not generic but in fact very 
site specific. The problem of achieving tech- 
nical performance can be totally different from 
one site to the next depending on the character- 
istics of the energy source and the site con- 
ditions that may affect the facility design. 

Under these constraints, the group addressed 
the issue of performance achievement as related 
to standards of measurement or goals. It was 
generally agreed +at an acceptable measure of 
performance should relate to plant availability. 
If the plant has a high annual availability 
factor, then it should be capable of sustaining 
a good capacity factor as well. While there was 
no overwhelming agreement on the concept that 
plant availability would necessarily equate 
directly to capacity factor, it was generally 
accepted by the group that plant availability 
was a good measurement of acceptable technical 
performance. A goal of 90  percent was proposed 
by the group. 

Performance Problems The problems relating to 
achieving technical performance identified by 
the group are summarized below. The problems 
cited are not necessarily generic but rather 
related to the knowledge and experiences of nem- 
bers of the discussion group based on operating 
experience, special studies, or research and 
development work. They covered Geysers dry 
steam operation and hydrothermal direct flash 
and binary facilities. 

a Production Well Piping 

Reliability and cost continues to be a prob- 
lem. Where downhole pumping is required on 
the low to medium temperature hydrothermal 
reservoirs, redundancy is the current solu- 
tion to achieving good plant availability. 
For the moment it appears that industry will 
solve this problem. 

(714) 975-4940 

Well Completion 

Representatives of the CFE indicated that 
problems are being experienced at Cerro 
Prieto with well casing and joint seal fail- 
ures. This problem has had a continuing 
impact on steam production and requires a 
high well redundancy ratio in order to sup- 
port their capacity factor goals. They be- 
lieve this problem can be solved by industry 
without need for any special R&D. 

Steam Separation and Scrubbing 

Technology and equipment for steam separation 
and scrubbing appears to be in hand based on 
limited operational experience. Performance 
is generally predictable. However, scaling 
and fouling problems are site related, not 
generally predictable and require equipment 
outages for descaling. Solutions are not 
generally available on a generic basis. 

Two Phase Flow 

Problems of designing for two phase flow are 
not well defined. To date, system designs 
have avoided two phase flow through the use 
of well head separators, pumped wells and 
production island concepts. Some form of 
R&D would be useful to the plant designer. 
Indications are that two phase systems are 
being successfully operated in Japan. 

Steam Quality Measurement 

Maintaining design steam quality in a hydro- 
thermal flash cycle is primarily a function 
control dynamics and separator/scrubber per- 
formance. The consequences of decreasing 
steam quality which usually result 
deteriorating separation performance, are 
solids buildup in the turbine and reduced 
turbine performance. 

The consequences of low steam quality could 
be materially reduced if online steam qual- 
ity monitoring was available to the plant 
operator. According to the members of the 
discussion group, online equipment of this 
type is not available. 
was recommended. 

from 

Further investigation 
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0 Environmental opinion of the writer, on the status of achieve- 
ment can be summarized as follows: 

H S abatement systems are being installed at 
Tie Geysers which employ technology developed 
for other industries. Other new concepts 
are also being tested for next generation 
applications. According to discussion group 
members, ongoing development of alternative 
processes will be necessary before this prob- 2. 
lem is fully and economically controlled. 

1. 

Another problem area involves condensate pH 
control when ammonia is present. Online 
monitoring techniques are not presently 

control. Hardware development is needed in 
this area. 

available to the plant operator for proper 3 .  

Geysers dry steam is in a commercial opera- 
tion mode but still experiencing operational 
and environmental problems that must be 
resolved if full success is to be achieved. 

Hydrothermal flash steam is in a commercial 
operation mode around the world and on the 
threshold within the United States. At 
Cerro Prieto the CFE appears to be achiev- 
ing 90 percent availability. 

Commercial acceptance of the binary cycle 
by industry will not occur until the proc- 
ess is successfully proven in a demonstra- 
tion plant. 

Summary In relating technical performance to 
the goal established at the beginning of the 
discussions, the consensus of the group, in the 
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OBTAINING A LICENSE AND PROTECTING THE ENVIRONMENT 

Carl J. Weinberg 
Pacific Gas and Electric Company 

3400 Crow Canyon Road 
San Ramon, CA 94583 

Originally these two were to be handled in 
separate workshops but since these two subjects 
are closely related they were combined. The 
workshop participants did, however, try to 
focus the discussion on the two separately, 
though we were not always successful. 

Fortunately, we had two people in our group who 
are intimately involved in licensing proceedings 
in the only two states that have considered geo- 
thermal power plants, California and New Mexico. 
Lavonne Blucher-Nameny of PGandE reviewed the 
California procedure and Dave S a b o  of Public 
Service Company of New Mexico covered New 
Mexico. 

Obtaining a License 

The California Licensing Process: The major 
aspects discussed were: 

The permit licensing process is under the 
direction of the California Energy Commis- 
sion. A geothermal power plant receives 
special consideration, either (1) a 9-month 
Notice of Intention (NO11 plus a 9-month 
Application for Certification (AFC), with 
the NO1 focusing on the site selection and 
the AFC on detail plant design; or (2)  a 
12-month AFC combining both aspects if a 
steam supply has been proven. This is in 
contrast to the conventional generation 
system which requires a 36-month process 
(18 NO1 plus 18 AFC). 

It was originally intended to be a "one 
stop shop" but it is not. Agreements are 
needed with local, county, and state agen- 
cies. Reaching agreement is the preferable 
approach. 
adjudicatory hearing with sworn statements 
and witnesses. 

Items not agreed to require a 

Public involvement is encouraged and spe- 
cifically invited through a Public Advisor. 

The process is very institutionalized with 
a final decision up to the Commission it- 
self. Positions are essentially presented 
by the Commission staff and the applicant 
staff . 
One,good feature of the process is that the 
CEC has a specified time limit in which to 
act. The applicant must make sure, however, 
that the proceedings are not suspended and 
the time pressure removed. 

Safety and reliability are involved in the 
AFC review process. This requires detailed 
designs and drawings much earlier in a proj- 
ect than is normal practice. 

The Energy Commission is presently under 
scrutiny by the California legislature and 
its makeup and role may change in the future. 

Comment: 

Q The process is modeled very much after our 
judicial process with two sides, applicant 
and staff, presenting their case to a judge, 
the Commission. Findings and conclusions 
that both sides agree to are equivalent to 
plea bargaining. The difficulty with this 
process of conflict resolution is that it 
requires both sides to approach the process 
with advocacy position that cannot be easily 
abandoned. 

There is no reward to the CEC staff for 
making decisions under uncertainty. This 
leads to numerous studies, demonstrations, 
and monitoriny programs during and as part 
of the permit conditions. 

Editorial note: Geysers Unit 17, recently per- 
mitted, is the first power plant to complete 
the process since the CEC was instituted 5 years 
ago. 

The New Mexico Licensing Process: 

The New Mexico process is not as institu- 
tionalized as California. Government is not 
as strongly organized at the county level. 
There is no centralized agency to handle 
the licensing process and a number of per- 
mits are required. 

If there is federal involvement, the process 
becomes more institutionalized. 

There is only one major public interest 
group composed primarily of technical per- 
sonnel from the Los Alamos Laboratories. 
The group has both supported and opposed 
the utility. 

The resolution of concerns under the Indian 
Religious Freedom Act involved the Bureau 
of Indian Affairs (a federal agency) funding 
the legal opposition to a geothermal power 
plant funded by DOE (a federal agency). 
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Editorial note: A geothermal resource is min- 
eral in California and water in New Mexico. 

Synopsis : 

1. Obtaining a license is different in each 
state. 

2 .  In both systems approximately 3 years is 
the minimum time required to prepare the 
document and go through the hearing 
process. 

* * *  

Protecting the Environment 

The discussion was limited by both time and 
enthusiasm. Participants felt it was like 
plowing over old ground, as environmental con- 
cerns are dealt with in a number of forums. 

However, some general areas were discussed, and 
are capsulized below. 

Environmental Concerns Amenable to Technical 
Solutions: 

Air/H S Abatement 

A number of H2S treatment processes are 
being considered. 
of resource compositions, there will prob- 
ably never be a single best solution to H2S 
abatement. Trace elements that may be 
vented to the air will receive increasing 
emphasis. 
in geothermal steam will be of concern until 
better measurements are obtained. 

2 

Because of the variety 

The reports of detecting benzene 

Water 

Water Supply is becoming a major factor in 
geothermal development outside of The Gey- 
sers. Increasing concern is being focused 
on resource to surface water coupling. 
Impact of geothermal development on associ- 
ated hot springs and the possible impact of 
reinjection on associated water supplies 
are two areas receiving attention. 

Seismicity 

Studies are ongoing. 

i 

3 .  

4 .  

5. 

r *  

0 

Resolution is reached using the adversary/ 
plea bargaining concept borrowed from our 
legal system. There is some question 
whether this is the best way to resolve the 
issues involved. 

Q 
The solution to licensing lies in societal 
perceptions and legislative actions which are 
not amenable to technical or managerial fixes. 
They are at best vernier adjustments. 

Persist, grin, and bear it. 

* *  

Solid Waste 

The composition and disposal of solid waste 
will require increasing attention. The EPA 
solid waste regulations exclude geothermal at 
this time, but they are sampling and analyz- 
ing solid waste at The Geysers. 

Environmental Concerns Not Amenable to Technical 
Solutions: 

It was generally agreed that areas of environmen- 
tal concern such as socio-economics, ethnic and 
historical considerations, and land use are really 
not amenable to technical solutions. 

Comment : 

It was a general feeling that most of the environ- 
mental problems, real or perceived, were under 
study. The difference that exists is in relative 
importance and therefore the amount of funding 
needed to study the particular problem. 

Considerable discussion took place regarding the 
involvement of the Environmental Protection Agency 
(EPA) in geothermal development. Geothermal en- 
joys certain privileges,but it is not known 
whether this will continue. The possibility 
exists for EPA to become involved in solid waste, 
air, and water standards and reviews. No real 
answer as to how to deal with the EPA was 
forthcoming. 

There was a general consensus that the environ- 
ment can be protected but that absolute certain 
solutions do not exist, nor will ever exist for 
all environmental concerns, and that the relative 
importance of environmental concerns will always 
be quite site specific. 
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S E S S I O N  7 

INTERNATIONAL POWER DEVELOPMENT REPORTS 



GEOTHERMAL POWER PLANTS I N  CHINA 

Ronald DiPippo* 
Mechanical Engineer ing Department 

Southeas te rn  Massachuset ts  U n i v e r s i t y  
North Dartmouth, Massachuset ts  02747 

I n t r o d u c t i o n  China ' s  v a s t  geothermal  p o t e n t i a l  
h a s  been l o n g  recognized ,  b u t  it i s  o n l y  
r e c e n t l y  t h a t  a s y s t e m a t i c  program h a s  begun t o  
map and c h a r a c t e r i z e  t h e  r e s o u r c e .  I t  seems 
clear  t h a t  a s e r i o u s  e f f o r t  i s  underway t o  
develop and e x p l o i t  t h e  low-temperature geo- 
thermal  f i e l d s  t h a t  are abundant i n  t h e  
count ry .  Acce lera ted  growth o f  i n s t a l l e d  geo- 
thermal  e lec t r ic  g e n e r a t i n g  c a p a c i t y  w i l l  
l i k e l y  c o n t i n u e  f o r  t h e  n e a r  f u t u r e  as l o c a l  
i n d u s t r y  t a k e s  advantage o f  t h e  i n f u s i o n  o f  
e s t a b l i s h e d  technology a l r e a d y  ga ined  i n  o t h e r  
c o u n t r i e s .  

T h i s  paper  i s  based on informat ion  from t h r e e  
main sources :  An a r t i c l e  i n  The China Business  
Review by Fountain [l]; A paper presented  a t  
the  1979 Annual Meeting of  t h e  Geothermal 
Resources Counci l  by Finn [2] ;  and s e v e r a l  
t e c h n i c a l  r e p o r t s  ( i n  Chinese)  t h a t  were s e n t  
t o  t h e  a u t h o r  by P r o f e s s o r  C a i  Yi-Han of  
T i a n j i n  Univers i ty .  

Summary Nine s m a l l  exper imenta l  geothermal 
power p l a n t s  are now o p e r a t i n g  a t  s i x  sites i n  
t h e  P e o p l e ' s  Republ ic  o f  China. These range  
i n  c a p a c i t y  from 50 kW t o  3 MW, and i n c l u d e  
p l a n t s  o f  t h e  f lash-s team and b i n a r y  type .  
A l l  except  two u n i t s  u t i l i z e  g e o f l u i d s  a t  
t empera tures  lower t h a n  100°C. 
f l u i d s  f o r  t h e  b i n a r y  p l a n t s  i n c l u d e  normal- 
and iso-butane,  e t h y l  c h l o r i d e ,  and Freon. 
The f i r s t  geothermal  p l a n t  came o n - l i n e  i n  
1970, t h e  most r e c e n t  ones i n  1979. 

F i g u r e  1 shows t h e  l o c a t i o n  o f  t h e  p l a n t s .  
Major c i t i e s  a r e  a l s o  shown f o r  r e f e r e n c e .  
Table  1 c o n t a i n s  a l i s t i n g  o f  t h e  p l a n t s  and 
some p e r t i n e n t  c h a r a c t e r i s t i c s .  The t o t a l  
i n s t a l l e d  c a p a c i t y  i s  5,186 kW, o f  which 4,386 
kW i s  from f lash-steam u n i t s .  

The working 

I n  t h e  fo l lowing  s e c t i o n s  w e  s h a l l  g i v e  an 
example of t h e  r e s u l t s  o f  e x p l o r a t o r y  surveys ,  
and show system diagrams,  t e c h n i c a l  s p e c i f i -  
c a t i o n s ,  and tes t  r e s u l t s  f o r  s e v e r a l  o f  t h e  
power p l a n t s .  

H e a t  f low s t u d i e s  C h i n a ' s  h o t  s p r i n g s  are 
be ing  developed i n  a t  least  twenty-two 
Provinces ,  M u n i c i p a l i t i e s  and D i s t r i c t s  [ 2 ] .  
A l l  t o l d ,  t h e r e  a r e  o v e r  2500 such geothermal  
s i tys  i n  t h e  count ry ,  i n c l u d i n g  t h e  high-  
tempera ture  f i e l d  a t  Yangbajing i n  t h e  
Himalayas o f  T i b e t ,  s e v e r a l  promising areas i n  
s o u t h e a s t  China ( i n  Kwangtung, F u j i a n ,  Taiwan, 

Kiangs i  and Hunan P r o v i n c e s ) ,  and t h e  T i a n j i n  
f i e l d ,  93 m i  (150 km) s o u t h e a s t  o f  Peking, 
where over  200 w e l l s  have been d r i l l e d  i n  a 
146,000 a c r e  (590 lan2) t r a c t  [ l ] .  

The r e s u l t s  o f  h e a t  f low and tempera ture  
g r a d i e n t  surveys  have been r e p o r t e d  by t h e  
Geothermal Group o f  t h e  Geological  Survey o f  
China [ 3 ] .  These s t u d i e s  were conducted i n  an 
a r e a  ex tending  s o u t h  from Peking t o  Nanking and 
cover ing  an east-west span o f  about  250 m i  
(400 km). Eleven areas where test  h o l e s  were 
d r i l l e d  are  shown i n  F i g u r e  2 .  Technica l  d a t a  
from t h e  test  w e l l s  are  g iven  i n  Table  2. 
Thermal g r a d i e n t s  r a n g e  from about  5-23°F/1000 
f t  (9-4loC/km). The normal o r  average  g r a d i -  
e n t ,  worldwide, i s  about  18°F/1000 f t  (33OC/ 
km) .  The h e a t  f l u x  ranges  from 0.72-2.01 peal/ 
c m 2 . s  ( c f .  1 . 5  p c a l / c m 2 . s ,  normal h e a t  f l u x ) .  
Thus, t h e  geothermal  r e s o u r c e  i n  t h i s  r e g i o n  
i s  low-grade and w i l l  l i k e l y  r e q u i r e  t h e  use  
of b i n a r y  p l a n t  technology i n  o r d e r  t o  a l l o w  
i t s  e x p l o i t a t i o n  f o r  e l e c t r i c  power. 

Huitang 300-kW p l a n t  Hot w a t e r  from two w e l l s  
is pumped under  a p r e s s u r e  o f  57 l b f / i n 2  by 
two pumps, each having a c a p a c i t y  o f  700 g a l /  
min (160 m3/h) and r e q u i r i n g  30 kW o f  p o w e r ,  
t o  a f l a s h  t a n k  having  a volume o f  about  
425 f t 3  ( 1 2  m3). The l i q u i d  i s  f l a s h e d  t o  a 
subatmospheric  p r e s s u r e  o f  4 .3  l b f / i n 2  (29.6 
kPa) and a temperature o f  154.4OF (68OC). The 
steam i s  t h e n  used i n  a s imple C u r t i s - t y p e  
steam t u r b i n e ,  as shown i n  t h e  f low diagram i n  
F igure  3 [ P r o f .  C a i  Y i - H a n ,  personal comuni- 
c a t i o n ] .  The power p l a n t  g e n e r a t e s  300 kW from 
a steam flow r a t e  of about  95,000 lbm/h (43.2 
Mg/h), w i t h  a "Second Law" u t i l i z a t i o n  e f f i -  
c i e n c y  (based on t h e  exergy of t h e  g e o f l u i d  a t  
t h e  wel lhead)  o f  about  32%. T h i s  assumes t h a t  
about  13 .5% o f  t h e  g e o f l u i d  ( taken  t o  b e  
s a t u r a t e d  l i q u i d  a t  t h e  i n l e t  t o  t h e  f l a s h  
t a n k )  i s  conver ted  i n t o  steam. Some o f  t h e  
t e c h n i c a l  p a r t i c u l a r s  o f  t h e  p l a n t  are shown 
i n  Table  3. The  waste g e o f l u i d  from t h e  f l a s h  
vessel i s  p u t  t o  f u r t h e r  use  i n  greenhouses ,  
and s u p p l i e s  domest ic  h o t  water f o r  r e s i d e n c e s  
and a convalescent  home. 

Yangbajing 1- and 3-MW p l a n t s  The f low d i a -  
gram i n  F igure  4 shows t h e  arrangement o f  t h e  
f lash-s team ( a c t u a l l y ,  s e p a r a t e d  steam) p l a n t s  
a t  Yangbajing i n  t h e  Himalayas o f  T i b e t .  The 

* A l s o ,  Divis ion  of Engineer ing ,  Brown 
U n i v e r s i t y ,  Providence,  R. I .  02912. 
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Fig. 

p l an t  N a m e  

Fengshun 

Unit N o .  1 
Unit NO. 2 
U n i t  No. 3 

Wentang 

Huai la i  

Huitang 

Yingkou 

Yangbaj ing  

Unit N o .  1 

Unit No. 2 

I I \ 

L Map of China showing sites of geothermal power p l a n t s  [ a f t e r  [ 1 ] 1 -  

T a b l e  1. Summary of Geothermal Power P lan t s  i n  P.R.C. 

Location S tar t -up  Date P lan t  Type Working Flu id  

Fengshun, 
Kwangtung 

Oct. 1970 Flash-steam Water 
Sept.  1971 Binary Isobutane 

1979 (n. a.  1 (n .a . )  

. Sept. 1971 Binary Ethyl Chloride Ichun , 
Kiangsi 
Huai la i ,  Sept. 1971 Binary Ethyl Chloride; 
Hopei N-butane 

Ningsiang, C c t .  1975 Flash-steam Water 
Hunan 
Xiongyue, Apr i l  1977 Binary N-butane; 
Liaoning Freon 

Yangbajing, 
Xizang 

Sept.  1977 Separated- Water 
steam 

19 79 Separated- Water 
steam 
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Fig .  3 S i m p l i f i e d  f low diagram f o r  300 kW 
f lash-s team geothermal  power p l a n t  a t  
Huitang. Key: PW = Product ion  w e l l s ;  
FT = F l a s h  t a n k ;  T,= Turb ine ;  
G = Genera tor ;  C = Condenser;  
WJE = Water-jet e jector ;  X = H o t  water 
t o  domest ic  u s e s ;  Y = H o t  w a t e r  t o  
Huitang Convalescent  Home; Z = H o t  
water t o  greenhouses .  

F ig .  2 Loca t ion  of test  h o l e s  f o r  h e a t  f l o w  
survey  i n  e a s t - c e n t r a l  China.  Key: 
0 C i t e s ,  0 T e s t  s i t e s  [ a f t e r  [ 3 ] ] .  

T a b l e  2. R e s u l t s  o f  h e a t  f low s u r v e y  i n  e a s t - c e n t r a l  China 
T e s t  W e l l  no. Loca t ion  E l e v a t i o n ( 2 )  Depth Range of Temp. g rad .  Thermal cond. Heat  f l u x  
si te(1) E N m m meas., m OC/IUTI mcal/cm. C-s  pcal/cm2.s 0 

1 1 3  
2 10  3 
2 46 
3 1 0  
4 72-7 
4 72-5 
5 
6 2 1  
6 22 
6 24 
7 18-8 
8 1 0 1  
9 33580-1 

10 3 50 
11 56 
11 135 

- 

115O30' 40°41' 
115026'  40°12' 
115O26' 40°10' 
117051'  40035'  
116O16 ' 40'20 
116O15' 40°25' 
115O57' 39O44' 
116O27' 39O55' 
11 6O29 ' 39O 55 ' 
116O2 6 I 39O 55 ' 
113O2 3 ' 3 304 7 ' 
113O12' 33O47' 
113O50 ' 32O56 ' 
117°40' 35O52' 
117'19 ' 31°0 I 

117O19' 31OO' 

1300 
7 50 
875 
na 
525 
585 
n a  

36  
36 
36 

80.7 
na 
1 3  5 

173.2 
38.3 
41.5 

529 
733.2 
418 
671.8 
3 69 
682.9 
507 
700 

1030 
940.5 
683 
580.9 
117 
735.4 
749.9 
700 

100- 330 
183-733 
200-400 
441-620 
160-340 
480-610 
3 00- 50 Q 
506-700 
860-1030 
837-940 
21 7-683 
148-326 

30-110 
645-735 
100-308 
134-229 

12 .5  
13 .8  

8.9 
12 .7  
16.4 
1 9 . 9  
12.7 
19.4 
13 .7  
1 9 . 5  
29.2 
26.4 
1 8 . 2  
16.4 
41.2 
36.4 

5.8 
5.8 
7.4 
5.7 
7.9 
6.8 
5.7 

10.3 
1 0 . 6  

9.5 
6.0 
6.5 
6.4 
7.0 
4.6 
4 . 9  

0.74 
0.80 
0.63 
0.72 
1 . 2 1  
1 .35  
0.74 
2 .01  
1 . 4 5  
1.85 
1 .76  
1 .71  
1.17 
1 .15  
1 .88  
1 .80  

(l&ee Fig .  2. ( 2 ) o f  wel lhead  above sea l e v e l .  
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Table  3. Technical  s p e c i f i c a t i o n s  f o r  Huitang 
geothermal power p l a n t  

Year o f  s t a r t - u p  

P l a n t  t y p e  

Turbine d a t a :  
Type 

Rated c a p a c i t y  
Speed 
I n l e t  p r e s s u r e  
I n l e t  t empera ture  
Exhaust p r e s s u r e  
Steam f low ra te  

Condenser d a t a :  
Type 
Volume 
P r e s s u r e  
Cooling water flow 
rate  

Gas e x t r a c t o r  d a t a :  
Type 
No. o f  sets 
Water consumption 

1975 

S i n g l e - f l a s h  s t e a m  w i t h  
pumped w e l l s  

S i n g l e - c y l i n d e r ,  s i n g l e -  
f low,  2-s tage impulse 
300 kW 
3000 rev/min 
3.84 lbf/in: (26 .5  kPa) 
150°F (65.6 C )  
1.45  i n  Hg (4.9 kPa) 
~ 9 5 , 2 0 0  lbm/h (43.2 Mg/h) 

Barometr ic  j e t  
176 f t 3  ( 5  m3) 
1 . 4 5  i n  Hg (4.9 kPa) 
8 8 0 - 1 4 2 9 ~ 1 0 ~  lbm/h 

(430-648 Mg/h) 

Water j e t  
2 
71,400 lbm/h (32.4 Mg/h) 

H e a t  r e j e c t i o n  systkm: 
Type Once-through, w a t e r  from 

Wu River 

Fig.  4 S i m p l i f i e d  f low diagram f o r  1- and 3-MW 
separated-steam geothermal  power p l a n t s  
a t  Yangbajing. 
w e l l s ;  CS = Cyclonic  s e p a r a t o r ;  
S1 = Wellhead s i lencer ;  P = Water- 
h o l d i n g  pond; R = Receiver; T-G = Turbo- 
g e n e r a t o r :  52 = S t a t i o n  s i l e n c e r ;  
BC = Barometr ic  condenser ;  WJE = Water- 
j e t  e jector ;  FW = River  water. 

Key: PW = Product ion  

r e s o u r c e  tempera ture  of 302OF (15OoC) i s  t h e  
h i g h e s t  o f  any geothermal p l a n t  i n  China. 
Convent ional  equipment appears  t o  be  i n  u s e  a t  
Yangbajing, i n c l u d i n g  cyc lonic  s e p a r a t o r s ,  
ax ia l - f low t u r b i n e s ,  barometr ic  condensers ,  and 
water j e t  e j e c t o r s  f o r  t h e  noncondensable 
g a s e s .  About 80% of  China ' s  i n s t a l l e d  geo- 
thermal  c a p a c i t y  i s  l o c a t e d  a t  t h i s  s i t e  n o t  
f a r  from t h e  c i t y  o f  Lhasa. N o  o t h e r  t e c h n i c a l  
d a t a  on t h e s e  p l a n t s  a r e  a v a i l a b l e  a t  t h i s  
t i m e  . 
Wentang 50-kW p l a n t  This  b i n a r y  p l a n t ,  l o c a t e d  
i n  Kiangs i  province ,  h a s  been producing 50 kW 
s i n c e  1971 a l though it a l s o  s e r v e s  as a t es t -  
bed f o r  b i n a r y  technology.  A photograph o f  
t h e  powerhouse i s  g iven  i n  F igure  5. The 
source  of h e a t  i s  a hot  s p r i n g  having  water  a t  
153OF (67OC), making t h i s  t h e  lowest-temper- 
a t u r e  geothermal  b i n a r y  p l a n t  i n  e x i s t e n c e .  
It  w a s  b u i l t  and o p e r a t e d  j i l i n t l y  by t h e  Hydro- 
log ica l -Geologica l  T e a m  o f  Kiangsi  province  
and t h e  Research Group on Energy Sources of  
T i a n j i n  U n i v e r s i t y  141. 

Fig.  5 S i t e  photograph of t h e  50 kW Wentang 
b i n a r y  geothermal  power p l a n t .  [Photo 
c o u r t e s y  of P r o f e s s o r  C a i  Yi-Han] 

F i g u r e  6 shows t h e  p l a n t  l a y o u t .  The working 
f l u i d  i s  e t h y l  c h l o r i d e  (C2H5C1). The geo- 
f l u i d  may be d i r e c t e d  through t h e  t w o  v e r t i c a l  
she l l -and- tube  e v a p o r a t o r s  i n  any of f o u r  
modes: (1) l e f t  h e a t e r  o n l y  ( V 1  and V3 o p e n ) ;  
( 2 )  r i g h t  h e a t e r  o n l y  (V2 and V4 o p e n ) ;  ( 3 )  
l e f t  and r i g h t  i n  p a r a l l e l  ( V l ,  v2, V3 and V4 
open) ;  ( 4 )  r i g h t  and l e f t  i n  series (V2, V3 and 
V5 o p e n ) .  I n  t h i s  way a v a r i e t y  o f  tests may 
b e  performed. The u n i t  u s e s  t w o  condensers  
having low-winged, s p i r a l - t h r e a d e d  t u b i n g ,  
g i v i n g  n e a r l y  t w i c e  t h e  e f f i c i e n c y  of s t r a i g h t ,  c smooth t u b i n g .  Two t y p e s  of  expanders have 
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H W D  

P W  P W  

F i g .  6 S i m p l i f i e d  f low diagram f o r  50 kW b i n a r y  geothermal power p l a n t  a t  Wentang. 
Key: PW = Product ion  w e l l s ;  R =Receiver ;  V1-V5 = Hot water flow c o n t r o l  v a l v e s ;  
E = Evapora tors ;  HWD = H o t  w a t e r  d i s p o s a l ;  T = Turbine;  SR = Speed r e d u c e r ;  
G = Genera tor ;  C = Condensers: CWR = Cooling water r e s e r v o i r ;  CWD = Cooling 
water d i s p o s a l .  

been employed. The o r i g i n a l  des ign  used a n  
ax ia l - f low t u r b i n e  t h a t  had  an e f f i c i e n c y  o f  
about  70%; t h e  most r e c e n t  d e s i g n  u s e s  a 
r a d i a l - i n f l o w  machine capable o f  e f f i c i e n c i e s  
as h i g h  as 82.5%. 

A t  f i r s t  t h e  g e o f l u i d  had t o  b e  pumped t o  t h e  
p l a n t ,  b u t  s t i m u l a t i o n  u s i n g  w a t e r  from t h e  
adjacent r i v e r  r e s u l t e d  i n  a r t e s i an  flow and 
e l i m i n a t e d  t h e  deep w e l l  pumps [4]. The flow 
rate  of h o t  water i n c r e a s e d  t o  200-220x1031bm/h 
(90-100 Mg/h) w i t h  a p r e s s u r e  head o f  about  
7 l b f / i n 2  ( 5  m H20). 
powerhouse i s  s i t u a t e d  about  1 0  f t  ( 3  m)  lower  
t h a n  a p o r t i o n  o f  an a d j a c e n t  r i v e r ,  a dam w a s  
b u i l t  t o  create a s m a l l  r e s e r v o i r  from which 
c o o l i n g  water f lows under i t s  own head t o  t h e  
condensers .  Thus r e l a t i v e l y  l i t t l e  s t a t i o n  
power, about  7 . 5  kW on t h e  average ,  i s  re- 
q u i r e d  t o  operate t h e  p l a n t .  

Table  4 shows the r e s u l t s  o f  test  runs  con- 
ducted on A p r i l  1 7 ,  1978 [5 ] .  The evapora tors  
w e r e  connected i n  p a r a l l e l  f o r  t h e  tests. 
From t h e  d a t a  shown, t h e  p l a n t  h a s  a r e s o u r c e  
u t i l i z a t i o n  e f f i c i e n c y  (Second Law) o f  about  
19% ( g r o s s )  and 15% ( n e t ) .  The c y c l e  
e f f i c i e n c y  ( F i r s t  L a w ) ,  i . e . ,  work o u t p u t  
d i v i d e d  by h e a t  i n p u t ,  i s  5.2% ( g r o s s )  and 
4.2% ( n e t ) .  

Furthermore,  s i n c e  t h e  
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T a b l e  4. 

Year o f  

Technica l  s p e c i f i c a t i o n s  f o r  Wentang 
geothermal  power p l a n t  

st a r t  -up 1971 

Turbine  d a t a :  
Type Radia l  i n f l o w  
Gross power 51.8 kW 
N e t  e lectr ical  power 42.1 kW 
Speed, t u r b i n e / g e n e r a t o r  4500/1009 rev/min 
Secondary working f l u i d  E t h y l  c h l o r i d e ,  

C2H5C1 
C2H5C1 i n l e t  pressure 44.1 l b f / i n 2  

(304 kPa) 
C2H5C1 i n l e t  t empera ture  115.90F (46.6OC) 
C2H5C1 exhaust  p r e s s u r e  20.9 l b f / i n 2  

C2H5C1 exhaust  tempera ture  71.E°F (22.1OC) 
C2HsC1  m a s s  f low r a t e  19,470 lbm/h 

(8830 kg/h) 

(144 kPa) 
. 

Geothermal f l u i d  d a t a :  
I n l e t  t empera ture  149.5OF (65.3OC) 
o u t l e t  t empera ture  123.4OF (50.8OC) 
Mass f low ra te  130,500 lbm/h 

(59,200 kg/h) 

Condenser d a t a :  
Type Dual, s h e l l  and 

P r e s s u r e  21.2 l b f / i n 2  

Cooling w a t e r  i n l e t  58.8OF (14.9OC) 

Cooling water f low rate 

tube 

(146 kPa) 

tempera ture  
398,000 lbm/h 

(180,500 kg/h)  

H e a t  r e j e c t i o n  system: 
Type Onc e-through, 

grav i ty- feed  from 
r e s e r v o i r  

[4]  Fountain,  K.  ( t r a n s . ) ,  1979, "Present  
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hand-wr itt en report) 
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Southeastern Massachusetts University 
~Jortii Dartrroutli, Yassachusetts 02747 

Introduction The &uachapan geothermal 
mer plant has been the subject of several 
recent reports and papers (1-7). This ar- 
ticle is a condensation of the author's ear- 
lier writings (5-7), and incorprates new in- 
formation on the geothermal activities in El 
Salvador obtained recently through a telephone 
conversation with Ing. R. Caceres of the Co- 
mision Ejecutiva Hidroelectrica del Rio -pa 
(C.E.L.) who has been engaged in the design 
and engineering of the newest unit at Ahua- 
chapan. 

El Salvador is the first of the Central Amer- 
ican countries to construct and operate a 
geothermal electric generating station. Ex- 
ploration began in the mid-1960's at the geo- 
thermal field near Ahuachapan in western El 
Salvador. The first p e r  unit, a separated- 
steam or so-called "single-flash'' plant, was 
started up in June 1975, and was followed a 
year later by an identical unit. 
the Canision Ejecutiva Hidroelectrica del Rio 
Lanpa (C.E.L.) will complete the installation 
of a third unit, a dual-pressure (or "double- 
flash") unit rated at 35 MW. The full Ahua- 
chapan plant will then constitute about 20% 
of the total installed electric generating 
capacity of the country. During 1977, the 
first twa units generated nearly one-third of 
all the electricity produced in El Salvador. 

C.E.L. is actively pursuing several other 
promising sites for additional geothermal 
plants. 
tuallygeathennal energy will contribute about 
450 MW of electric generating capacity. 
any event it appears that by 1985 El Salvador 
should be able to meet its domestic needs for 
electricity by means of its indigenous geo- 
thml and hydroelectric F r  plants, thus 
eliminating any dependence on imported pe- 
troleum for power generation. 

Reservoir characteristics The Ahuachapan 
geothermal field is located in westerrumst 
El Salvador about 18 Ian (11 m i )  east of the 
F5o Paz which forms the international bound- 
ary with Guatemala. 
derately sloping terrain on the northern 
side of a string of volcanic muntains. 
in the 3000 ha (7400 acre) geothermal region, 
there are a number of areas of active sur- 

In July 1980, 

There is the possibility that even- 

In 

The area consists of 

With- 

face them1 miifestations including f-- 
roles, hot springs, steaming ground, and boil- 
ing mud pmls. 
consist of the following layers of rocks (top 
to bottom): 
andesites, agglmrated tuffs and pyrcclastics, 
andesites, young agglomerates, Ahuachap 
andesites, and old agglmates (basement 
rock). The Ahuachapan andesites serve as the 
aquifer, the permeability of which is created 
through fractures in an otherwise hard forma- 
tion. 
cap rock for the reservoir. 
of the geofluid in the reservoir is about 
230W (445oF). The aquifer is believed to be 
recharged from a volcanic lake to the south 
of the field. 

The reservoir is believed to 

brawn tuffs and pyroclastics, 

The young agglamerates constitute the 
The temprature 

Drilling programs About 30 wells have been 
drilled in the field. 
wells is not less than about 150 m (490 ft) , 
with an average density of one well per 23 ha 
(55 acres). 
of the field there is one well per 11 ha (27 
acres). Figure 1 s h m  the drilling program 
for well AH-26. The well was completed in 49 
days to a depth of 804 m (2644 ft); the aver- 
age penetration rate was about 2 m/h (6 ft/h). 
Drilling mud was used for the first 400 m 
(1310 ft) and water was used while drilling 
through the aquifer. 

A typical production well has the followkg 
configuration: 17-1/2 in dia. bole with a 
13-3/8 in casing cemented to a depth of about 
100 m (328 ft); 12-1/4 in hole with 9-5/8 in 
casing to 400 m (1310 ft) or to the top of 
the reservoir; 8-1/2 in hole through the 
production zone. In .sane cases, a 7-5/8 in 
slotted liner is hung frm the 9-5/8 in cas- 
ing, although the formation is sufficiently 
hard to prevent cave-in for m y  wells. Re- 
injection wells are conrpleted in a similar 
way except that they are drilled deeper, into 
the basanent rock, and fitted with a 7-5/8 in 
casing down to the top of the basement to 
prevent the reinjected fluid frcnn entering 
the aquifer. 

Steam gathering system The main production 
area of the field is shown schmtically in 
Figure 2. 
er house consists of surface t h e  m i -  

The spacing between 

However in the central portion 

The area to the south of the pow- 
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Fig. 1 Drillinq Frogram for well AH-26 (6). 

festations. The solid lines indicate the 
general paths of the main steam lines from 
each well to the receivers for Units 1 and 2 
at the plant; the actual pipelines contain 
numerous expansion bends which have been 
dtted in the figure for clarity. 
dashed lines indicate reinjection lines. 
Steam lines are made of ASP4 A-53 Grade B 
seamless carbon steel pipe and are insula-. 
ted,with blocks of calcium silicate. The 
insulation is wired onto the pipes, covered 
with compsite kraft paper/aluminum sheet, 
and enclosed within a jacket of galvanized 
steel. Reinjection pipes are uninsulated. 
For the operation of Units 1 and 2, of the 
nearly 600 kg/s (9300 gal/min) of liquid 

The 

Fig. 2 Plant and well arranqment (7). 

which is separated at the wellheads, about 
370 kg/s (5720 gal/&) is reinjected into 
the basment rock. 
uid is disposed of by means of surface dis- 
charge and evaporation, with the effluent 
from several wells being collected and con- 
veyed through a covered concrete channel to 
the Pacific Ocean, a distance of roughly 75 hn 
(47 m i ) .  

The reminder of the liq- 

The total m u n t  of dissolved solids in the 
liquid at the wells averages about 18,400 ppn 
or 1.84%. The main constituents are: chloride 
(10,430 ppn), sodium (5690 ppn), potassium 
(950 ppn), silica (537 ppn), calcium (443 ppn) 
and boron (151 ppn) . A large number of other 
elements are present in concentrations less 
than 100 ppn. 
roughly to 0.05% by weight of the total well 
flow, or about 0.2% of the steam flow. These 
gases consistminly of carbn dioxide (86.8% 
by volume) and hydrogen sulfide (12.1% by 
volume), with small  munts of hydrogen, ni- 
trcqen, amnonia and methane. 

~ n e r g y  conversion systems The p e r  units 
mprise: (1) an auxiliary turb-generator 
used for start-up; (2) two single-flash 30-MW 
sets ; and ( 3 ) one dual-pressure , "double- 
flash" 35-MW set. 

Noncondensable gases m u n t  

A 1.1 MW, noncondensing geotherrral steam unit 
is used €or station start-up from cold con- 
ditions. The unit is completely self-con- 
tained, requiring neither an external power 
source nor coolinq water. Power is generated 
from a single Curtis stage fed with separated 
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steam; the lubricating oil is air-rooled. 
All mechanical, electrical, and control ele- 
ments are munted on a single platform. The 
technical particulars may be found in Table 1. 

The two single-flash main p e r  units are 
essentially identical. A simplified flow 
diagram is shown in Fig. 3. Each unit qloys 
a 5-stage, double-flow turbine with impulse- 
reaction blading, munted in a single housing, 
and develops 30 MW. 
to a low-level, direct-contact condenser 
equipped with a slanted barmtric pipe. This 
arrangement assures a negligible pressure 
IGSS between the condenser and the turbine 
exhaust hood, as well as ease of accessibility 
to condenser auxiliary equipnent. 
condensable gases are drawn from the gas 
cooler section of the condenser, through a 
2-stage, steam ejector with inter- and aft- 
coolers, and discharged to the amsphere 
via stacks atop the p e r  house. 
of extraction systems are installed on each 
unit for redundancy. 
sulfide abatement system. The technical 
specifications m y  be found in Table 1. The 
overall resource utilization efficiency 
(Second Law) for Units 1 and 2 is about 37%. 
These two units require about 44 kg (97 Itsn) 
of geofluid at the wellhead for each kW-h of 
electricity generated; the steam rate is 7.6 
kg/kW-h (16.8 Um/kW-h). Five wells supply 
each unit. 

Each turbine exhausts 

The non- 

W sets 

There is no hydrqen 

steam 
separator Yellheat si lencer 

Moisture separator 

The new dual-pressure unit is rated at 35-Mw 
and is supplied with steam from three addi- 
tional wells (mediumpressure, M p  steam) plus 
steam flashed from the waste liquid from the 
wellhead cyclone separators (low-pressure, 
LP steam). A highly simplified flow diagram 
is shawn in Fig. 4. The broken lines repre- 
sent hot water from eight wellhead separators. 
The liquid is flashed in two horizontal flash 
tanks, producing LP steam (solid lines) which 
is added to the turbine at the pass-in sec- 
tion. The M P  steam (heavy lines) is scrubbed 
before entering the first stage of the tur- 
bine. Provision is made to flash a portion 
of the M P  steam down to the LP section if 
necessary. Auxiliary steam (thin lines) is 
used for turbine gland seals, steam ejectors 
for gland steam, and noncondensable gas re- 
mval. 
double-flow type in a single housing, with 
the M P  section consisting of 3 stages of 
essentially impulse blading followed by the 
LP section of 4 impulse-reaction stages. 
Table 1 lists the technical specifications 
for this unit. The geothenml resource uti- 
lization efficiency for the third unit will 
be about 42%, ksed on design specifications. 
Since all three units will be interrelated, , 
the overall plant utilization efficiency, 
for the three units, will be approximately 
43%, assuming that the 13 wells which will 
supply the full plant have the same average 
conditions of tmprature, pressure, and flow 

The turbine is of the dual-admission, 

I 
I 

! 
I 
I 

riot weli I 

Fig. 3 Flaw diagram for Units 1 and 2 ( 6 ) .  
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HOT WATER FROM COLLECTING TANKS rate as the 10 wells now serving units No. 1 
and 2. 

Waste liquid handling T h o  mthcds are used 
for the dispsal of waste liquid from the 
plant. One methcd. is reinjection and the 
other is discharge to the surface, as men- 
tioned earlier. 

The temperature of the reinjected liquid 
from Units 1 and 2 is not less than 15OoC 
( 3 0 2 9 )  , thus avoiding any problesns with 
silica depsition that might otherwise occur 
at lower tmpratures. 
kilograms (3.5 billion gallons) have been 
returned to the formation since reinjection 
was begun in 1975. Reinjection is carried 
out at the pressure of the separators, about 
550 kpa (80 lbf / in2) ,  thus eliminating the 
need for booster pqs. 

STEAM HEADER 

Over 13 billion 

i *----J 

Fig. 4 Flaw diagram for Unit 3. 

Table 1. Technical Specifications for Energy Conversion Systems 

Year of start-up 

Turbine data: 
w 

Rated capacity, MW 
r&ixirmrm capacity, f.Iw 
speed, rpn 
Main steam pressure, kpa 
Secondary steam pressure, kPa 
~ a i n  steam temperature, OC 

Secondary steam tanperature, C 
Exhaust pressure, H a  
Main steam flow rate, Mg/h 
Secondary steam flow rate, Mq/h 
Last-stage blade height, mn 

condenser data: 
Type 

cooling water tmprature, Oc 
Outlet water twa;ure, OC 
cooling water flaw rate, G g / h  

Gas extractor data: 
Type 

Suction pressure 
Gas capcity 
steam conscrmptian 

T Y P  

ikmner of cells 
&sign wet-bulb temp. 
Fan lrotor p € T  

Cooling mer data: 

Unit No. 1 and 2 
1975, 1976 

Single-cylinder, 
double-flow, 
impulse, 5 x 2 

30, each 
35, each 

3600 
558.9 
(none) 
156.1 
(none) 

8.33 
230, each 
(none) 
520 

Unit No. 3 
1980 

Single-cylinder , 
double-flaw, 
dual-admission, 
impulse-reaction , 
(31 41 x 2 

35 
40 

3600 
548.1 
150.0 
155.3 
111.4 

1 7 1  
145 
565 

8.33 

bw-level, direct-contact type with 
slanted barometric pipe 

27.0 27.0 
40.3 40.3 
8.65 12.26 

-stage, steam jet ejector with inter- 
and after-condenser 

7.84 kPa (n.a.1 
11,700 rn3/h1 each (n.a.) 

4.1 .%/n, each (n. a. 1 

Cross-flow, mdianical induced-draft with 
vertical axial fans 

5, ea01 5 
2 2oc 22 oc 

80 kN/fm 80 kN/fan 

Auxiliary Unit 
1975 

Single-cylinder , 
one Curtis stage, 
non-condensing, 
geared 

1.1 
1.3 

7129/1800 
552.9 
(none ) 
156.0 
(none ) 
96.2 
2 1  
(none ) 
(n.a.) 

(none) 
- 
- 
- 

(none) 

- 
- - 

(none) 

- 
- 
- 

n 
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A portion of the liquid intended for the dis- 
charge channel passes first through one of 
tm labyrinth retention tanks which provide 
50-60 rnhutes of hold-up. It has been dem- 
onstrated that the settling tank is an ef- 
fective mans of converting monomer silica 
into polymer silica. This effect stabilizes 
the silica in solution and eliminates silica 
deposition in the surface channel. Periodic 
&intenance of the hold-up tanks is required 
to r m v e  scale from the walls, but this is 
a relatively easy task. Surface discharge 
is a tanprary practice; eventually all waste 
liquid will be reinjected. 

Hydrogen sulfide emissions Hydrogen sulfide 
is emitted at the stack along with the other 
noncondensable gases. Roughly 95 kg/h (209 
Ihn/h) or 1580 g/MW-h (3.5 lby'Mb7-h) is dis- 
charged from the first tm units. There are 
no emissions controls installed on the plant. 
The concentration of hydrogen sulfide is 1-4 
ppn at the boundary of the plant site. 

operating experience The operation of the 
Ahuachapan plant has ken highly successful; 
the plant forms a vital link in the electri- 
city supply system of El Salvador. 
gives the total generation, capacity factor, 
and percentage of total electricity in El 
Salvador contributed by the first tm units 
of the Ahuachapan plant. The geothermal 
plant has been essentially free of major 
breakdams. In 1977 the availability factor 
was 95% based on forced outages. 
tor is reduced to 84% when scheduled outages 
for maintenance are included. 
overhaul of each p e r  unit is carried out 
once every tm years. 
abut one month. Wellhead equipxmt is 
thoroughly inspected and cleaned at least 
once each year. One month is required to 
service all the wells. There has been no 
plugging of production or reinjection wells. 
It has been denonstrated that the reservoir 
pressure can be controlled and mintained 
through proper reinjection of waste liquid. 
Reinjection wells have been sited along the 
periphery of the field and downstream of the 
assumed recharge flaw in the aquifer. The 
lack of subsidence may also be related to 
reinjection, although the field should not 
be subject to significant subsidence because 
of the hardness of the andesitic formation. 

Table 2 

This fac- 

A ccarplete 

Each inspection takes 

Table 2. Generating expe rience at Ahuachaw 

Electrical Capacity Pct. of total 
generation factor generation 

bW* h % % 

1975 72,331 47 11.8 
1976 279,800 67 25.4 
1977 400,051 76 32.3 

Future developents The Ahuachapan power 
plant has reached its full capacity. Wre- 
over, the experience at Ahuachapan has shown 
that a liquid-dcaninated resource of derate 
salinity (18,400 ppn) and relatively high 
tepnperature (23OoC, 445%) can provide elec- 
tricity in an economical and reliable m e r .  
Encouraged by their success at Ahuachapan, 
the engineers and scientists of C.E.L. are 
intensively investigating several other p r m  
ising geothermal areas in El Salvador. These 
include Berlin (100 MW, est.) , Chinarea 
(100 m, est.), San Vicente (100 MW, est,) 
and Chipilapa (50 MW, est.). The Berlin area 
is particularly exciting. The reservoir 
temperature is about 3OO0C (5729) and al- 
ready three wells have been successfully 
completed. The plan is to build a 50-lulw 
flash-steam plant at the site by 1985. 
unit will likely be of the "double-flash'' 
type. 

The 

It' is clear that El Salvador is intent on 
maintaining its leadership role m n g  the 
Central mrican countries in the exploita- 
tion of its indigenous geothenml energy re- 
sources. 
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Mexico, with a 60 million population has an 
extension of almost 2 million square kilometers. 
A large number of volcanoes and hydrothermal 
manifestations are found in the area, particu- 
larly along the Pacific Coast. 

The electricity needs of this country require 
its installed capacity to be doubled every 
eight-and-a-half years. Although its main en- 
ergy source is the hydrocarbons, new sources of 
energy are being investigated and developed. 
In 1973, at Cerro Prieto, a 75 MW plant was 
inaugurated utilizing geothermal steam, initiat- 
ing in this way commercial exploitation of this 
energy. From there on an uninterrupted program 
of exploration and development has been followed, 
along and across the country. 

Probably the region with the highest potential 
of geothermal energy is the New-volcanic Belt, 
a zone 300 kilometers wide which crosses the 
country from the Pacific Coast to the Gulf of 
Mexico Coast. In this zone, the geothermal 
fields of Los Azufres, Los Negritos, Ixtlan de 
10s Hervores, La Primavera and San Marcos are 
located. 

Sixteen wells have been drilled at L o s  Azufres, 
14 good producers with an average temperature 
of 275OC. An area of 385 square kilometers is 
estimated can be exploited for steam production. 
By 1981, it is expected to have four wellhead 
turbogenerators rated 6 MW each. 

Two geothermal wells are now being drilled at 
La Primavera, with very good results. Tempera- 
tures of 275OC have been found at a depth of 
800 m in the first well of the Rio Caliente 
module. The first two wells are now being 
drilled at L o s  Humeros geothermal zone. 

To date, 80 wells have been drilled at Cerro 
Prieto. In the last group of wells the pro- 
ducing stratum was found at a depth between 
2000 and 3000 m. The temperature of this 
stratum is about 340OC, and each well has an 
average output of 200 tons per hour. 

Research is now being conducted to solve the 
problems encountered of casing corrosion, and 
for the development of better cementing ma- 
terials and improved cementing techniques, 
since the results obtained have not been entire- 
ly satisfactory, being the life of the geother- 
mal wells shortened, increasing the cost of 
power generation. 

Since its inauguration in 1973, Cerro Prieto 
has been generating electricity continuously, 
with increasing annual plant factors, better 
than 90 percent in the last three years. 

As of this date, the installed capacity at 
Cerro Prieto is 150 MW. The installation of 
a fifth unit of 30 MW is now underway. This 
unit will utilize low pressure steam flashed 
from the separated water, now being discarded 
from units 1 to 4. A flashing plant is cur- 
rently being installed for this purpose. This 
means a 20 percent increase without drilling 
more wells. 

Future plans are the construction of two more 
plants of 200 MW each, for a total of 620 MW 
for May 1983. These units will be operating 

ones. 
at slightly higher pressures than the existing 

It is estimated that a total capacity of 40,000 
MW could be installed by the year 2000, using 
steam obtained from the known geothermal areas 
of Mexico. 
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I' t PRINCIPALES VIAS DE COMUNICACION 
AL CAMPO BEOTERMICO DE CERRO PRIETD I f 

7-14 



7-15 



7
-
1
6
 



7
-1

7
 



7
-
1
8
 



Jose U. Jovellanos; 
Arturo Alcaraz, ** 
RDgelio Datuin ** 

National Power Cowration 
Manila, Philippines 

Abstract 

The generation of electric p w e r  to meet the 
needs of industrial growth and dispersal in 
the Philippines is airred a t  attainin9 self- 
reliance through availment of indigemus 
energy resxrces. The Philippines by virtue 
of her p s i t i o n  in the high-heat flaw region 
has in abundance a n- of exploitable geo- 
thermal fields located a l l  over the country. 
Results indicate that the geothermal areas 
of the Philippines presently in various 
stages of exploration and developraent are of 
such mgnitude that they can be relied on to 
m e e t  a significant p r t i o n  of the country's 
p w e r  need. 

Large scale geothermal energy for electric 
pmer generation was put into operation l a s t  
year with the inauguration of two 55# 
geotherml genexating uni t s  a t  Tiwi ,  Albay 
in  Southern Luzon. Another two 55-MW units 
were added to the Luzon Grid in  the same year 
from Makiling-E3anahaw field a b u t  70 kilo- 
m e t e r s  south of Manila. 
therefore, 220-MW of generating capacity was 
added to the pwer supply coming from geo- 
thermal energy. This  year a total of 2 2 0 M  
mer is p r o g r d  for b t h  areas. 
bring to 4 4 3 M  of installed generating 
capacity froan geathermal energy with 3# 
contributed by the Tongonan Ge0thern-d pilot  
plant in Tongonan, Leyte, Central Phi l ippines  
i n  operation since July 1977. 

Financial ansideration of Philippine 
experience showd that electric pwer derived 
from geothenml energy is ccanpetitive w i t h  
other sources of energy and is a viable 
source of baseload electric pwer. 
have proven the technical and econaanic accept- 
abi l i ty  of geotherml energy resources 
developnent . 
To r e a l i z e  the benefits that  stem from the 
uti l ization of indigamus ga thami l  
resources and i n  the l ight  of the country's 
ever increasing electric power demand and 
i n  the absence of large camercidl o i l  

* Senior V i c e  President, W C C O R  

For 1979 alone, 

This w i l l  

Findings 

$iscovery i n  the P ~ i e p i n e s t  geo-L------ 

** Geot-1 Power Specialists 

energy resource developcent has been accel- 
erated anew. The program includes develop- 
ment of eight f ields by 1989 by adding 
five mre fields to the currently develop& 
and producing g e 3 t h m 1  areas. 

Introduction 

In view of the current energy crisis that 
grips many countries of the m r l d  today, 
attention has been focused on the developnent 
and utilization of non-fossil and alternate 
indigemus energy resources. One of these 
prcanising resources of indigenous energy 
which 
i s  the island arc related geothermal 
energy (Fig. 1). The Philippines by Virtue 
of her p s i t i o n  i n  the high-heat flow region 
that characterizes the orogenic zone of 
oceanic to oceanic convergent plate bund- 
aries of the Western Pacific, has a n m k r  
of camnercial and promising geothmEll 
f ields scattered over the length of the 
archipelago. Consequently, the country has 
gnbarked on massive geothermal developnent 
program that is m paying off with the 
operation of 1 6 5 M  pwer plant in Tiwi, 
Albay, 1 1 O M  p w e r  plant in  Bay, Laguna and 
3-MW pwer pilot  plant in Tongonan, O r m c ,  
kyte. This w i l l  be followel by additional 
units i n  the sarne area, others in the Palim- 
pinon-Dauin fields of Southern Negros, 
MambucdL f ie ld  of N o r t h e Y n  N e g r o s ,  ard 
Manit0 f ie ld  in Albay. 
year the total geothermal generating cap- 
abi l i ty  of the Philippines is 446-MW making 
her the second largest user of geothermal 
energy in  the wrld .  

Geothermal energy in a broad sense is the 
heat fran the earth as manifested in several 
forms as hot intrusive rocks, volcanoes, 
geotherroal rese.rvoirs, and geopressured rocks. 
Of these only the geothermal reservoirs 
associated w i t h  recent bt intrusive rocks 
and volcanisn have thus far  been harnessed 
for electrical pwer generation. 

High tanperatwe geothermal energy has two 
forms. Dry steam field (vapr dconinated 

the Philippines has in abundance 

By the end of t h i s  

(Table 1) 
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system) exemplified by Iardarello geothermdl 
fields of I ta ly  and the Geysers of Western 
United States are easily exploited w i t h  con- 
ventional technologies. W i t h  the pioneering 
research done by N e w  Zealand in  bt-watex 
system, exemplified by their Wairakei and 
Broaldland fields , utilization of this geo- 
therm1 field is r o w  an accepted reali ty.  
This is  the type of geothermal systepn fO& 
in the Philippines. 

STATUS OF PIKNKT D E " T  

A t  present, there are eiqht geothemd fields 
in the country i n  advanced stages of explor- 
ation and develo-t as  sbwn in Fig. 2. 
The priority areas for exploration and 
developnent were determined largely on the 
strength of the surface thml manifes - 
tationsas the in i t i a l  basis. This is but a 
practical rationale borne out by the fact  
that the bt sprinqs, hot q r o d s  and other 
related pheMxmena are p s i t i v e  indications 
of a concealed source of geotherml fluid, 
located b p f u l l y  a t  an economically drill- 
able depth. 

T i w i  bt spring in  Albay Province, one of the 
most Ippular spts in LUZOn, became an easy 
f i r s t  clmice, followed by Los =os in 
Makilinq-Banahaw, Tongonan Valley in  Lese, 
Palirpinon-Dauin i n  Southern Negros, Mambucal 
in Northern Negros, the Manat-Amacan geo- 
therm1 fields i n  Bvao Province, Daklan- 
Bokcd in  Benquet and Manit0 in  ubay. 

T i w i  Geothenniil Project 

The geothermal pssibilities of Tiwi in  
Albaywerefirst to be investigated by the 
government i n  1964 through the Conmission 
on Volcanology with financial assistance 
from the National Sciervse Development Board. 
The area is presently being developed by the 
National Power Corpration. Drilling of 
production wells by the Philippine Geothermal, 
Inc. , a subsidiary of Union O i l  Ccanpany of 
California, for the National Power Corporation 
is going on smmthly a d  more than f i f t y  
wells have been wrpleted so far.  By the 
end of the year, the curhined capacity of 
the project w i l l  be two hundred twenty mega- 
watts while the proven capacity of the area 
is five hundred f i f t y  five megawatts. 

Makilirig-Ebnahaw Project 

The region hugging the aprons of M t .  Makil- 
and M t .  E3anahaw and the lowland between them 
studded with diatremes or mars are a t  

present undergoing active developent by 
National Power Corporation w i t h  Philippine 
Geothermal, Inc. carrying out the deep 
dril l ing operations. More than fifty-two 
w e l l s  have been drilled t o  d a t e .  Similar 
t o  Tiwi the field w i l l  have a cconbined 
generating capability of tw hundred and 
ten megawatts this year. 

Leyte Geothermal Project 

The kyte Geothermal area is undergoing 
active exploration and dwelopnent by PNW- 
ELX with the assistance of the New Zealand 
gove.rrnnent. N i n e t e e n  production wells have 
been dril led t o  d a t e .  A three megawatt 
pilot  plant is presently in operation i n  the 
area since July, 1977. By 1982 the ara 
w i l l  have a cmhined generating c a p c i t y  of 
112.5 megamtts,emugh for the envisioned 
power needs of the proposed copper snelter 
and the provinces of Leyte and S m .  

Negros G e o t h m l  Projects 

The geo-1 area of Southern N W O s  
located a t  the Palimpinm-Dauin sector of 
N e g r o s  O r i e n t a l .  
assistance program PNW-EDC has completed 
ten exploratory wells. A three megawatt 
pilot  power plant w i l l  be operational by 

is 

U n d e r  the New Zealand 

septepnber of t h i s  year. 

Mambucal prospect of PNCC-EDC is situated 
a t  the Northern Sector of Negros Island. 
Geologic investigation , geochepnical studies , 
mgnetic and resis t ivi ty  surveys and 
exploration w e l l s  indicate sufficiently 
high tenperature a t  depth and pint to 
favorable underground characteristics. "vm 
intermediate exploration wells have been 
completed so far. 

Eavao Geo-1 Project  

The area of interest has m y  impressive 
thermal manifestations clustered i n  four 
groups namely Manat, Mama, Amacan, and 
&kraut. !Cwenty-f ive therrral gradients 
w e l l s  dri l led a t  an average depth of one 
hundred twenty-tvc meters were  sited on 
the basis of geology, geochePnica1 and geo- 
physical surveys. 
thermal armmaly in the area. 

Results showed a broad 

mito Geothermal Project 

PNCC-ED2 started f u l l  scale exploration 
program a t  Mani t0  in  Albay. 73.v exploratory 
e l l s  were drilled on the basis of favorable 

A 
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geological , geochemical , and geophysical 
surveys. 
along the flow regime confirmed the presence 
of high temperature geothemal fluids. 

The ism exploratory wells dril led 

The area under consideration by the Bureau 
of Energy Developnent w i t h  the assistance of 
the d tali an govemwnt is in man, Bokod, 
w e t .  Seven exploration gradient e l l s  
with average depth of one thousand feet  have 
been drilled so far  and preliminary data 
show impressive geothermal fluids a t  depth. 

GEOTHERMAL IMPLICATIONS OF PHILIPPINE (;EoLosy 

From the geologic setting of the Philippines 
and vulcanism that had occured in the 
archipelago since T e r t i a r y  t i m e  with its 
consequent resulting volcanic rock units, 
the following general evaluation of their 
geothermal inplications may be considered: 

1. 

2.  

3.  

4. 

5. 

The p t e n t i a l  geothermal areas of the 
Philippines will be found in the concave 
side of the volcanic fronts of plutonic 
and volcanic rocks of calc-alcalic to 
alkalic series (Fig. 2,  Datuin & Uy, in 
Press) ; 

The vicinity of non-active volcanoes of 
Pliocene or  Quartamary age like Malinao 
(Tiwi geothermal field) , Makiling and 

I3anahaw (Mak-Ban geothermal field) , 
Cuemos de N e g m s  (Southern N e g r o s  
geothermal fields) , and m y  others tl-at 
d o t  the archipelago from north to south 
offer the mst promising areas for geo- 
therm1 exploration and developnent; 

The crystalline rocks and their deriv- 
atives that w i l l  predminate a t  the geo- 
thermal areas w i l l  mst likely be sodic 
to intermediate i n  oomposition and. w i l l  
in  general be intercalated w i t h  relatively 
thin normal clastic sedimentaries and/or 
reef limestone lenses: 

The reservoir rocks w i l l  be found either 
in hydrotherrrrally altered pyroclastic 
and clastic sedimentary beds, highly 
fractured formations, and andesitic 
or dacitic pyrmlastic flows; 

Lava flows w i l l  invariably provide capping 
rock over the reservoir rocks. Geo- 
physically, therefore, m y  geothermal 
reservoir areas w i l l  be characterized 
by resist ivity lows underneath high 

6. 

7 .  

8. 

resist ivity values that  are correlatable to 
relative mgnetic highs; 

Arcuate fauLting brought about by the 
massed weight of volcanic edifice, and/ 
or  recession of mawtic materials or  
pressure will provide to sc~ne degree the 
structural control that  may delineate 
the reservoir areas. In scane areas, as 
in  geothemal areas located close to the 
Philippine faul t  zone (Leyte geothermal 
field) , structural control may be 
provided by the zone i tself  or  secondary 
faults f o d  as  a consequence of major 
faul t  displacements; 

Except *e the geothermal area is the 
result of convective heat transfer from 
magna chamber i tself  as i n  the case w i t h  
volcanic craters, the geothermal area 
w i l l  mst likely be the result of ground 
water circulating in fractured f o m t i o n s  
heated by conduction from the magna 
chamber; 

Considering the thickness of Tertiary 
and recent volcanics in studied areas 
of the archipelago, and based on therm- 
dynamics considerations, the productive 
mnes w i l l  in  general be betwem 3500- 
6000 feet. 
exist  a t  much shallower d e p s i t s ,  
bwever; and 

Minor stearn horizons m y  

9. The r a t e  of recharge of ge0thema.l 
f ields i n  the Philippines may be expected 
to be high considering the Island's 
high annual rainfall. This condition 
wuld insure a longer productive l i f e  
of the field. 

co5T OF PCW7EX DEVEZOPMENT 

Recent evaluation and quantitative studies 
showed geothexmil energy for p w e r  generation 
is a viable source of baseload electric 
p e r .  
steam is, therefore, considered as major 
alternative for providing incremental gene- 
rating capacity as well as for replacing 
o i l  thermal plants which have becane 
expensive to operate. 

The utilization of available natural 
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lX3f.E NO. 3 

&mprative Generating Cost of 
Different Power Plants” 

Hydro (PulangUi IV) 7.18 
coal fired Lcxal  21.11 

Imported 29.59 
~eothermal  Manito 30.94 
Hi-Viscosity Thermdl Plant 30.14 
Bunker  C O i l  Thermal Plant 39.51 
D i e s e l  Thema1 P h n t  49.26 
Nuclear P l a n t  31.25 

*Sumnarizd from IPAD, NPC, February 8, 1980 

~ R M A T A F W F J l P R X F W l  

In order to rraximize the benefits from the 
utilization of indigemus geothermal re- 
sources, the government’s ten year program 
for geothermal exploration and developnent 
aims a t  14018.W of generating capability 
by the year 1989. 
The program includes the developnent of eight 
f ie lds  by 1989 adding f ive mre f ie lds  to 
the current ly  developed and producing fields 
a t  T iwi ,  Makiling-Banahaw, and Tongonan 
Valley. The five fields targeted for develop- 
mmt are Wan-Bokod, Benguet; Manito,  
Albay; Mambukal+landalagan, N e g r o s  Occidental : 
Palimpinon-Dauin, N e g r o s  Oriental; a d  Manat- 
Masara, Davao del Norte. (Tables 4 and  5 )  

(Table Nos. 2 and 3) . 

m m m .  4 
Geothenna1 Generation Expansion Program 

m - 
1979 - 223MW existing 

1980 - 2 2 W  

1981 - 
1982 - 335.W 
1983 - 
1984 - 3 7 . W  
1985 - 22OMW 
1986 - 37.W 
1987 - 
1988 - IlW 
1989 - 7 5 . W  
1990 - 147.9%’ 

LOCALITY 

T iwi ,  Makban, 
Tongonan 

Tiwi ,  Makban, 
Palimpinon 

T i w i  , Tongonan , 
Palimpinon 

Tongonan 
T i w i  , Makban 
Tongonan 

Tiwi ,  Makban 
Mambugal, Tongonan 
Tiwi ,  Manito, Makban, 

Mambucal 
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The steam availability is expected to be 
1,975Mw by 1989 assuming the present success 
ra t io  i n  geothermal production dril l ing.  

PGSSIBLE RE” & DAELDPMDJT DIREXTION 

The  occurrence of numerous hotsprings through- 
out the Philippines indicates that the 
country is well  endowed w i t h  geothermal 
resoucces and suggests that a l l  possible 
methods of utilization of this energy be 
investigated. Scattered throughout the 
archipelago are a numbe.r of thenral f ie lds  
of probable geothermal importance and l i t t le 
known thermal spots that could have geothermal 
significance. 

Linda1 enumerated the nonelectrical uses 
of geothermal steam as s b m  in T a b l e  Nos. 6 
and 7 .  The utilization of geothermal 
energy in any of these forms, however, is 
not witbout its s h e  of technological 
problems. Researches along the suggested 
topics should be encouraged. 

In the Philippines geo-1 energy is 
presently used for saltioaking and grain- 
drying. Projects on the utilization of 
thermal f ie ld  for f ish canning, refrigeration 
an3 air-conditioning are also being studied. 

Research should be directed to accurate 
evaluation of other potential geothermal 
areas by correlation w i t h  magma generation, 
structural setting of geothermal fields and 
association of rock type and mineral alter-  
ations. 
therm1 reservoir d e l s .  

This study should lead to a geo- 

The use of binary systen i n  p e r  generation 
to u t i l i ze  low heat subsurface waters 
should be pursued rigorously. 
econcnnically viable, this me- could 
find applicability in  tapping low-temperature 
hotsprings in our a l l  islard cannunitis. 

The uti l ization of geothermal energy in  
any form is not witbout its share of problems. 
Sane of these are environmental problems 
which ShDuld be defined and evaluated i n  
order to insure an environmentally c m p t i b l e  
developwnt of geotherml resources. Basic- 
a l ly ,  the possible impact on the e n v i r o m t  
due to geothermal utilization are, ground 
subsidence because of extraction of f luid 
f r m  the subsurface, and chemical-thermal 
pollution because of disposal and discharge 
of effluent. 

If proven 

The problem of scaling, mst 

A 



often by carbnates or  s i l ica ,  high-acidity 
of geothermal fluids and the attendant 
corrosion can be minimized by proper research 
and dwelopent prcgram. These problens are, 
bwever, not inherent to a l l  geothermal 
fields, but are specific only in certain 
areas and in some cases specific only to 
sane steam wells of a particular area. 

Hardware used in geothermal exploration and 
dweloprent are carry overs from the o i l  
irdustry. 
insufficient to cope with head pressure 
ard chemical conditions peculiar to geo- 
thermal operations. 

G e o t h d  energy is relatively a newcomer 
in the energy f ie ld  *ugh earth-heat can 
be said as old as the earth. Its state 
of the art has m t  reached the sophistication 
of o i l  and gas technologies. 

Saw are therefore f o d  to be 

Benefits of G e o t h a m l  Developent 

The benefits that can be rea@ fran the 
developent of the country's geo-1 
resources in  this context are varied and 
far  reaching. 

The use of geothermal enexgy as a substitute 
w i l l  reduce the m u n t  of o i l  importation 
for p w e r  generation and thus a corresponding 
decrease in  the drain of the country's 
dollar reserves. It is estimated that i f  
the W g e t  of 1975 PD7 by 1989 of geothermal 
power c a p c i t y  is attain&, it muld mean 
an annml savings of about $5.235M in o i l  
importation a t  $30.00/barrel of o i l  and 
a t  90% load factor. 

The Philippines m y  be considered as an 
industrially developing country. To 
sustain a planned annual gross national 
product of 7 to 8 percent, there is need 
for new and additional industries to 
establish thenselves in the island. Geo- 
thermal energy could provide a significant 
m u n t  of their energy requirements. W i t h  
cheaper geotherml power available to 
industry in areas r m v e d  fram traditional 
center of industrial developrent, and w i t h  
proper incentives, it is bped. these 
conditions muld at t ract  Mustries to set 
themselves up in  such areas, This certainly 
w i l l  be in consonance with the basic 
national policy to meet the needs of 
industrial developrent and dispersal. 

Many areas of the Philippines have yet to 
enjoy the benefits of electricity. Total 
electrification of the country is, therefore, 
another pressing program of the government. 
Through the National Electrification 
Aihinistration mch is being done toward 
this end w i t h  the establ ishent  of electric 
cooperatives. 
eratives operate mall diesel generation 

the installation of island grids w i l l  
greatly b s t  the total electrification 
program. 

It is fortunate that the geothermal areas 
of the Philippines are fair ly  w e l l  distributed 

f ie ld  of kyte when dwelopd, for example, 
could supply electrical p w e r  to the entire 
provinces of Uyte and Sarrar, two identified 
econcanically depressed areas. Electrification 
w i l l  mean to these provinces upliftment of 
their econcanic status through mre job oppr-  
tunities, hne industries and increased 
earnings. For s ~ l l e r  islands where geo- 

i b i l i t y  of putting up generating units of 
100 to lOOOKw c a p c i t y  is under consideration. 

&wever, many of the amp- 

plants. Developcent of geothernral power and 

throughaut the country. The geot.henEll 

thermal energy could be tappea, the feas- 

The geothermal potential of the Philippines 
is being tap@ in the desire to attain self- 
sufficiency i n  energy through availment of 
indigenous energy resources. Eight areas, i n  
various stages of exploration and developent 
are being mrked simultaneously. 

The developllent of an indigenous energy is 
ant ic ipatd to reduce the drain of the 
country's dollar reserves, f i l l  the needs 
for industrial developent and dispersal, 
contribute to the total electrification 
effort, and upli f t  certain econcenically 
depressed areas of the country. 

Truly, it my be said that the presence 
of larye geothermal energy i n  the islands 
is indeed providential in the l ight  of 
the energy crisis tha t  grips the nation 
tcday and the urgency o f  warding it off 
-enfly. 
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UNITED STATES 
ITALY 
NEW ZEALAND 
JAPAN 
MEXICO 
EL S A L W R  
ICELAND 
USSR 
PHILIPPINES 
TAIWAN 
TURKEY 
NICmAGm 
CHILE 
l3lrmEsIA 
KENYA 

mrAzl 

m m I I v E G E x Y r H E R M A L E L l E C m I ~ ~ I N G  
CAPACITY OF THE WOF3.D IN 1977 AND 

IS PLANNED BY 1982 

1977- I/ 
(me) 

502 
417.6 
202 
169 
75 
60 
32.5 
5 
3 
0.6 
0.5 - 

- 
- 
- 

1,467.2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 - - 
- 
- 

1982- 2/ 
We) - 
1,409 
481.6 
302 
244 
180 
95 
62.5 
28 
548 

15 
35 
30 
30 
15 

3,480.7 

5.6 

RANKING 

1 
3 
4 
5 
6 
7 
8 
12 
2 

13 
9 
10 
11 
14 

13 

(Source of Informtion: Dr. Donald E. White, USGS) 

- 1/ Installed Capcity 

- 2/ Definitely comnitted; with campletion dates scheduled up to 1982 
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TABLE NO. 2 

COMPARATIVE COST OF PCWER DEvELopMEclpT I N  THE PHILIPPINES 

1. T i w i  Units 1-2 
(2 x 55 m) 
steam Prcduction 

mAL 

2. T i w i  Units 3-4 
(2 x 55 m) 

5281 110 580.90 #1 12/15/78 
#2 5/10/79 

256.62 
837732 
608.01 #3 12/20/79 

#4 4/ 8/80 
110 5527 

steam Production 2332 
m B-97 

256.62 
Tmm 

3. M a k - m  u n i t s  1-2 4662 
(2 x 55m) 

110 512.8 #1 3/30/79 
#2 5/30/79 

Steam Production 2332 
mAL rn 256.62 

769.42 
13.36 #1 8/80 

#2 9/80 
4. palimpimn P i l o t  4453 

Units 1-2 
3 

(2 x 1.5 MW) 

Steam Production 
ma 

5. Tbncpnan Units 1-3 
(3  x 37.5 m) 
Steam Production 

mATJ 

6. Palimpinon Units 1-3 
(3 x 37.5 Mnl) 

7.5 m 
112.5 831.66 #1 5/82 

#2 8/82 
#3 11/82 

7392 

112.5 689.55 #1 11/82 
#2 2/83 
#3 5/83 

298.30 
?mx5 

6129 

2651 m 
4531 

Steam Production 
ma 

110 498 - 4 1  #5 4/82 
#6 7/82 

7. Tiwi Units 5-6 
(2 x 55 Mnl) 

steam Production 
mAL 

2522 
7053 

277.50 
775.91 

8. M a k - m  u n i t s  3-4 5296 110 582.59 #3 5/80 
#4 8/80 

2332 
ma 7628 

syeam Production - 256.62 
839.21 
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Year 

- 
1979 

(existing) 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

TABLE NO. 5 

Geotherrrral Power Dwelopnent Program 

Curdative 
No. of Fields No. of Wells 

Cmulative 
Geol2-lerml steam 

Ava i l ab i l i t y  
CMWl 

3 

4 

4 

4 

5 

6 

7 

7 

8 

8 

8 - 
T O T A L  8 

95 

60 

68 

76 

84 

80 

51 

36 

34 

34 

29 - 
647 

560 

805 

1,055 

1,315 

1,565 

1,820 

1 , 975 

1,975 

1,975 

1,975 

1,975 

1,975 

- 

10 

40 

110 

180 

240 

300 

350 

470 

580 

700 

820 

820 

- 
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TABLE NO. 6 

Possible Non-Electrical Uses of Saturated Steam 

140 Drying farm products a t  high rates 

0 
C 
200r 

190 1 
Evaporation of highly concentrated solutionn 
Refrigeration by m n i a  absorption 
Digestion in pper pulp, kraft 

l8O t 
Conventional 
p w e r  production 

most multipleeffect evaprations, concentration 
of saline solution 

curing light aggregate cement slabs 

Washing and drying wml 
materials, scads, grass, vegetables, etc. 

Required tgnperatures (approximate) of geOthemEl1 fluids 
for' various applications 

A - Saturated S t m n  

Source: B. Lindal,  "Industrial and Other Applications 
of Geotherml Energy" 

A 
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120- 

110 

100 

90 

80 

70 

60 

50 

40 

30 

2 0 L  

TABLE NO. 7 

Possible Non-Electrical Uses of H o t  W a t e r  

- 

- 

- 

- 

- 

- 

- 

- 

- 

Fresh water by dist i l la t ion 
tbst d t i p l e - e f f e c t  waprat ion,  concentrations of 

saline solution 

D r y i n g  and curing l ight  aggregate cement slabs 

Drying organic mterials, seableeds, grass, vegetables, etc. 
Washing ard drying -1 

Drying stock f ish 
Intense de-icing operations 

Space heating 
Greenhouses by space heating 

Animal husbandry 
Greenbuses by combined spce and btbed heating 

Soil warming 

Swimning pools, b-ation, fermentations 
W a r m  water for year-round mining i n  cold clirnates 
De-icing 

Fish matching and fanning 

Required t-atures (approximate) of geothermal fluids 
for various applications. 

B - Hot water 

Source: B. Liridal, "Industrial. and Other Applications 
of G€.otheml rnerqy" 
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WAIRAKEI - THE FIRST TWENTY YEARS 

Ian A. Thain, C. Eng., M.I. Mech. Eng. 
Generation Engineer, Operations Division 

New Zealand Electricity 
Rutherford House, 23 Lambton Quay 

Wellington, New Zealand 

General Details The Wairakei Geothermal Power 
Complex is situated five kilometres north of 
Lake Taupo in the North Island of New Zealand. 
The Wairakei system consists basically of a 
highly permeable hot water aquifer contained 
within almost impermeable boundaries. 

Steam is produced from the hot fluid in a 
three-stage flash process. Initially the first 
stage produced steam at 13.8 bar g (200 psig) 
but due to declining field pressure this has 
been progressively reduced to 8.3 bar g (120 
psig) by mid-1980. The second stage produces 
steam at 5.5 bar g (80 psig). In 1972 the 
third stage flashing facilities were installed 
to utilise the otherwise waste saturated water 
from the second stage. This produces steam at 
1.72 bar g (25 psig) . 
The first machine was synchronised to the na- 
tional grid on 15 November 1958 and the last 
machine in October 1964. 

Development of the power complex was in two 
stages and has a total installed capacity of 
192 MWe. The final arrangement of equipment is 
shown in Figure la. The unusual complexity of 
small machines in the Stage I development is a 
result of the initial concept containing a 
heavy water distillation plant. 
however, was stopped early in the project, but 
not before manufacturing contracts had been let. 
At this stage it was considered too late to re- 
design the whole project, so, to take the place 
of the distillation plant, additional turbo- 
generators were installed. The Stage I1 devel- 
opment added 3 x 30 MWe mixed pressure machines. 
Turbine stop valve design pressures are: 

This plant, 

High pressure (HP) 
12.4 bar 6 (180 psig) 

Intermediate and mixed pressure (IP) and 
( M p )  
3.45 bar g (50 psig) 

Low pressure (LP) 
0.03 bar g (0.5 psig) 

The centre of steam production is about two 
kilometres from the station. At present there 
are,60 production wells connected to the steam 
transmission system: 26 of these are classed as 
high pressure and 34 as intermediate pressure 
producers. In addition, 7 multiple flash plants 
are strategically located within the field to 

enable intermediate pressure saturated water to 
be flashed to 1.72 bar g (25 psig). Figure lb 
shows diagrammatic layout of the steamfield 
plant. Drilled depths for the wells range from 
200 m (650 ft) to 1,200 m (4000 ft). Production 
casing sizes are generally 200mn (8 in) with 
150 mm (6 in) slotted casing occupying the 
lower 120 m (400 ft) to 600 m (1950 ft) pro- 
duction levels. 

Transmission of steam to the power station is 
by steam mains at present arranged as follows: 

High pressure 
2 x 760 mm dia (30 in) ; 1 x 502 mm dia 

(20 in) 

Intermediate pressure 
1 x 760 mm dia (30 in); 4 x 502 mm dia 

(20 in); and 1 x 460 mm dia (18 in) 

Low pressure 
1 x 1220 mm dia (48 in) 

Waste water from the field, currently running 
at 1.12 cumecs is discharged via open drain 
culverts to the Wairakei stream and hence into 
the nearby Waikato River. Water from this 
river is also used to provide cooling water for 
the direct contact condensers. 

Wairakei is located approximately 305 m (1200 
ft) above sea level and the normal atmospheric 
pressure at the station is 0.97 bar. 

Managing Policies In the mid-1960's it was 
recognised that drilling additional wells to 
maintain or increase output at Wairakei would 
only accelerate the field rundown. Consequently 
it was decided to hold mass output at the then 
production level of around 65 million tonnes 
annually. 

In view of this decision New Zealand Electricity 
management policies resolved into the following: 

(i) to ensure that the IP, MP and LP machines 
are fully supplied with steam at design 
pressure; 

(ii) to sacrifice HP machine output as rLeces- 
sary to maintain IP, MP and LP machine , 

output; 

(iii) to obtain more efficient use of the total 
energy discharged from the field. 
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Maintenance Strategies 
tenance of this type of plant are similar to 
those for other thermal plants, i.e. 

The objectives of main- 

(1) to ensure the safety of the plant, its 
personnel and the general public; 

(ii) to comply with the statutory require- 
ments which apply to the plant and its 
personnel; 

(iii) to ensure a high degree of plant avail- 
ability so that the investment in the 
plant can be returned; 

to maintain or improve the economy of 
operation of the plant. 

(iv) 

I 

Geothermal work is relatively new on an exten- 
sive scale and developments in materials also 
contribute to keeping the art in a state of 
change. The outstanding feature of geothermal 
work is the way it calls on a very wide range 
of specialists. 
perience has been that access was needed to the 
following scientific disciplines: 

New Zealand Electricity ex- 

Reservoir engineering 
Corrosion chemistry 
Analytical chemistry 
Gas Analysis chemistry 
Metallurgy 
Nondestructive testing of materials 
Nuclear sciences 

These services are required on a more or less 
regular on-call basis and they have been pro- 
vided by the Department of Scientific and In- 
dustrial Research.The input amounts to some six 
to nine man-years. 
ates the Wairakei steamfield but draws on the 
drilling, civil and mechanical engineering ex- 
pertise of the Ministry of Works and Development 
for all "down hole" work, field measurements, 
pipeline and separating equipment construction, 
and maintenance of some drains and roads, etc. 

New Zealand Electricity oper- 

The New Zealand Electricity general policy is 
to seek the best advice available and follow it 
subject to economic analysis. Very simple cri- 
teria, intelligently applied are sufficient for 
decision making with regard to expenditure on 
maintenance or improvements. The standard 
techniques derived from Discounted Cash Flow 
analyses are capable of resolving most of the 
problems on expenditure, provided the following 
data are available: 

(i) the rate of return required of capital 
expenditure; 

the value of incremental production; (ii) 

(iii) a risk assessment of the chances of 
success if this applies. 

In the largely hydro system of New Zealand 
Electricity the value of incremental production 
can be as low as $10,000 per GWh. In steamfield 
decision making account must be taken of the 
fact that the production of wells normally de- 
clines with time. Consequently the decline in 
production must be taken into account by adjust- 
ment to the required rate of return. 

Operating Costs 
about $3 million per year and interest charges 
on the development capital are about $8 million 
per year. The capital costs are historic and 
the development is over 20 years old. With the 
reservation that these costs do not represent 
costs of present day investment, Wairakei pro- 
duction costs were about 1.1 cents per unit in 
1979. The cost of hydro production in the 
North Island with varying ages of investment 
average about 1.27 cents per unit. With present 
day investment costs and increased environmental 
considerations geothermal energy costs would be 
considerably higher. 

Wairakei operating costs are 

Wairakei operating costs include an annual charge 
to the D.S.I.R. for their scientific services 
and work carried out by the Ministry of Works 
and Development is charged at cost. 

Summary of Production History Since exploitation 
of the Wairakei geothermal resource first began 
the total mass withdrawal from the field to the 
end of 1979 has been approximately 1,200,000,000 
tonnes and the total electrical energy produced 
has been 20,836 Gwh. 

The main reactions of the reservoir to exploi- 
tation have been: 

(i) after an initial rapid fall, the "at 
depth'' pressure of the field is now 
approaching a relatively stable value; 

(ii) despite the near stabilisation of the 
"at depth" field pressure, well outputs 
have continued to decline; 

(iii) after showing an initial increase, the 
apparent enthalpy of the fluid is de- 
creasing slowly (approximately 3.5 kJ/kg/ 
yr (1.5 BTU/lb/yr) ; 

subsidence of the ground surface has been 
extensive over a considerable area ad- 
jacent to the main production zone. 

(iv) 

Table I gives the production history of the field 
and plant since the beginning of commercial 
exploitation. 

The main feature of the table is the consistent 
annual output from Nairakei in the face of an 
apparently declining resource. This consistency 
has been achieved by more efficient utilisation 
of the total energy discharged from the field. 
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Year 

1959 

I 960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1. 

3eservoir 
it Depth 
?remure 
Bar g (1) 

58.6 

54.5 

52.8 

50.3 

46.9 

44.1 

42.8 

42.1 

41 *4 

40.7 

39.9 

39.0 

38.5 

38.1 

37.8 

37 07 

37.5 

37.4 

37.2 

37.1 

37.0 

TABLE I 

SUMMARY OF WAIRAKEI GEoTBERMaL POWER PROJECT 
PRODUCTION DATA FROM 1959 TO 1972 

Mass 
Withdrawal 
Tonne x IO( 

37.34 

47 84 

42 25 

51 .eo 

73-40 

70.80 

65.80 

64 30 

59.60 

47-70 

55.80 

56.00 

54.30 

52 50 

48.20 

47-00 

46.10 

47 60 

46 50 

46 30 

46.2( 2) 

Apparent 
Enthalpy 
kJ/kg 

1095.5 

1100.2 

1097.9 

1135.1 

1151.4 

1139-7 

1132.8 

1146.7 

1131.1 

1131.1 

1103.9 

1109.5 

1115.8 

1112.8 

1109.7 

1090.7 

1088.8 

1093.0 

1086.7 (2: 

6.4 

169 

384 

491 

761 

1004 

1194 

1255 

1268 

1058 

1207 

1243 

1185 

1174 

1175 

1162 

1249 

1272 

1232 

1158 

1190 

Peak 
Power 
MJ(e) 

50.6 

64.0 

65.6 

I31 .I 

148.4 

173.0 

166.0 

170.8 

166.8 

165.7 

159.8 

153.4 

149.3 

147-7 

148.6 

159 

158.1 

152.9 

145.7 

145.7 

Turbo-Alternator 

Load 
Factor 
% 

37.9 

68.5 

85.5 

66.3 

77.0 

78.8 

86 33 

84.72 

72.18 

83.12 

88.80 

88.20 

89.55 

90.80 

89.26 

89.64 

91.60 

92.02 

89.62 

92-92 

Availability 
Factor 
% 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

79.4 

90.3 

90.3 

90.2 

89.8 

92.5 

87.9 

88-73 

90.0 

88.5 

70.95 

86.2 

leservoir pressure is that obtained by a regression analysis of the pressure 
of a selection of wells as measured in the water phase and corrected to a 
depth of 275 m (900 ft) below sea level. 

Data not avaiJable (NA) figures estimated. 2. 

A 
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Initially only 4.5 percent of the total energy 
above OOC was converted to electricity, com- 
pared with 8.5 percent in 1979. This improve- 
ment has resulted from extensive use of multiple 
flash units. However, as nearly all the econ- 
omically collectable IP water is now being fed 
to these units, maintenance of the station out- 
put will have to depend on alternative means in 
the future. 

Despite the stabilisation of the field "at 
depth" pressure, output from the wells has con- 
tinued to decrease. To overcome this declining 
output it has been necessary to progressively 
reduce the wellhead pressure on the HP produc- 
tion wells so as to maintain the fluid flow 
from the wells. Initially the HP wells operated 
with a wellhead pressure of 13.8 bar g (200 
psig); currently this pressure is only 8.3 bar g 
(120 psig). 
HP machines is greatly reduced, the machines 
being used essentially as pressure reducing 
valves. This action, however, has enabled the 
IP, MP and LP machines to be kept fully loaded. 

The reason for the decline in well output is 
essentially due to the discharge enthalpy approx- 
imating the recharge water enthalpy and hence 
the steam fraction is less. 

In consequence the output from the 

Figure 2 shows the trend over the last five 
years in the average net power generation for 
the three winter months, a period during which 
every effort is made to have all production 
wells on line. Neglecting the low values ob- 
tained during the 1977/78 winter, a mathematical 
analysis gives the equation of this curve to be: 

y = 0.29 x2 - 4.714~ + 151.4 

where x = years from 1976; y = station output 
MWe. This equation is only effective until 
1984 but shows that by that time the station 
output will have fallen to 132 MWe. 

Another important point to note from the table 
is the mechanical reliability of the station. 
The annual station load factor has consistently 
been between 85 and 90 percent and the avail- 
ability factor in excess of 85 percent for nine 
of the last ten years. 

Wairakei has one of the best records for relia- 
bility of any power station in New Zealand and 
is significantly better than any of the thermal 
stations. 

Performance of Steamfield Plant and Materials 
In 1975 the need for annual surveys of wellhead 
and steam transmission pipework changed to bi- 
ennial inspection, experience having shown that 
there was no requirement for this equipment to 
be inspected and overhauled annually. 

The choice of mild steel as the main material 
for all wellhead, flash plant, and steam trans- 
mission equipment has proved to be a wise 

choice, provided oxygen can be excluded from 
the geothermal fluids. Table I1 shows princi- 
pal materials used at Wairakei. 

Cyclone Separators Initial erosion problems 
with the cyclone separators, due to grit and 
pumice discharged with the fluid being rotated 
around the bottom of the chamber by the cyclonic 
action, was simply solved by welding vanes to 
the bottom surface to trap the well debris. 

Wellhead Silencers Following early failures of 
reinforced concrete stack pipes of wellhead 
silencers, trials were commenced in 1965 to 
assess the suitability of timber for silencer 
stack pipe fabrication. Various timber and 
preservative treatments were tested. The most 
successful timber was found to be Radiata pine 
treated with a 5 percent P.C.P (pentachlorphenol) 
by weight in Shell industrial oil No. 4. A 
silencer made in this material remained in ser- 
vice for 114 years before replacement was con- 
sidered necessary. All silencer replacements 
at Wairakei, and €or geothermal wells in gen- 
eral, are now being made with this form of 
treated timber. 

Ground Subsidence Withdrawal of fluid from the 
Wairakei geothermal field has caused extensive 
ground subsidence in the region (Ref. 1). The 
maximum subsidence is now about 7.6 m (25 ft) 
and is continuing at a rate of about 400 nun 
(1.3 ft) per annum. Fortunately, the area of 
maximum surface subsidence is very small, HOW- 
ever, the total area affected probably approaches 
259 sq. km (100 sq. miles) and the volumetric 
subsidence is estimated to be of the order of 
38 x lo6 m3 (50 x 106 cubic yards). Although 
quite large, neither the vertical movement, 
which is associated with subsidence, nor the 
consequential differential settlement (tilt) 
has so far created any insurmountable diffi- 
culties. All problems so far encountered have 
been caused directly by ground surface strain. 

The region of maximum subsidence fortunately 
occurs outside the production field (see Figure 
3). However, the steam transmission pipes and 
the main open culvert hot water drain which 
runs parallel with the steam mains, have been 
affected by the ground movement and modifica- 
tions to these structures have been, and will 
continue to be, necessary. 

In the case of the main drain it has been nec- 
essary to incorporate sliding joints within the 
outfall drop structure, which lowers the hot 
water 25 m (82 ft) in five unequal steps to 
the discharge point in the Wairakei stream. 
While working on this drain modification,leak- 
age from a diversion flume caused the drain 
structure to fail following washout of support- 
ing pumice alluviumi. Photographs 1 and 2 show 
the extent of damage caused. Failure of the 
drain necessitated an almost total steamfield 
shutdown for three days until alternative 
drainage facilities could be organised. This 
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TABLE I1 : SCHEDULE OF PRINCIPAL MATERIALS USED 
ON WAIRAKEI POWER PROJECT 

Well down hole casings 

Well-head Master Valves 

Well-head Steam Separators 
and Water Drums 

H.P. and I.P. Steam 
Transmission Pipelines 

L.P. (1220 mm dia) Steam 
Transmission Pipeline 4 

I 
W 
m 

M I  5 

API 6 

BSI 501-161 30,250 Ib/sq 
in 

0.25% C max.; 0.35% Si max.; 0.5% Mn min. yield stress Grade B 

BS806 Includes 3 mm 
Class B 0.1% C; 0.2% Si.; 0.48% Mn Corrosion allowance 

BS3601 (1 962) 
SFW Grade 26 1 .05$ Ph. max. allowance 

0.25% c max.; 0.7% Mn max.; 0.05% s max.; No corrosion 

I PLANT ITEM 1 MATERIAL DETAILS I CHEMICAL COMPOSITION 

Turbine Casings Inlet 

I REMARKS 1 

yield stress Cast Carbon Steel 

~~ 

H.P.: I.P. and L.P. Rotor B.E.A.M.A. 
Forgings No.3 grade 3 

M.P. Rotor discs B.E.A.M.A. 
No.2 grade 3 

M.P. Rotor shaft B.E.A.M.A. 
No.3 grade 3 

Turbine revolving blades Stainless iron 

Jet condenser shell BSI 501 -1 61 
Grade B 

Main steam field isolating Cast steel body 

I sDindles 
valves With stainless/steel 

44,800 lb/sq.in 
yield stress 1% Nickel steel with added chromium 

0.4% C; I.& n.; 0.4% Cr.; 0.05% Mo 

44,800 lb/sq. in 
yield stress 

40,300 lb/sq.in. 

Epoxy coated 

1% nickel steel with added chromium 

0.11s C; 0.5% Mn max. ; 0.5% Si; 0.6% Ni. ; 1% Cr 

0.25% C Max.; 0.35% Si m a x . ;  0.5% Mn min. 

Turbine Casings Exhaust /BSI~OI-161-B I yield stress 
0.25% C max.; 0.35% Si max.; 0.5% Mn min. 30,250 lb/sq. in 



has been the only major unscheduled plant out- 
age in recent years. 

The steam mains are affected by the ground 
movement altering the distance between the pipe 
anchors. No provision has been made to accommo- 
date this ground movement and at expansion loop 
anchors it is necessary to periodically cut a 
small length (0.3 m) out of the pipe down stream 
of the loop, move the loop to catch up with the 
ground movement, and then replace the cut out 
length in the resulting gap in the pipe on the 
upstream side of the loop. 

New smaller collection pipelines are now pre- 
stressed to delay the first readjustments be- 
cause of ground strain. 

Silica Deposition 
thermal water has caused no problems in well- 
head equipment or within the steam pipelines, 
but presents a major cleaning problem in the 
open and covered hot water drainage system. 
Silica deposits grow to a thickness of 100 to 
140 mm ( 4  to 6 in) on the floor and walls of 
the drains in the yearly period between clean- 
ings. Keeping the drainage system clear of 
these deposits is a major maintenance expense 
in the operation of the station. 

Attempts to interest New Zealand industry in 
the silica from thedrainshas not been success- 
ful as surface water runoff contaminates the 
deposits. The only possibility of utilising 
this waste product would be by extraction from 
the fluid before discharging into the drain 
system. 

Steam Transmission Line Corrosion Corrosion 
damage of a severe nature has occurred along 
the bottom of the two 760 mm dia (30 in) HP 
steam pipelines. This corrosion was first dis- 
covered during the November 1977 steamfield bi- 
ennial shutdown. 

Mineral deposition from geo- 

Initially these lines carried steam at 13.8 bar 
g (200 psig) but this pressure has been pro- 
gressively reduced to 8.3 bar g (120 psig) with 
the decline of field pressure. These HP lines 
are linked at intervals to equalise pressure 
and flow. 

The corrosion is almost entirely concentrated 
within the "station end" half of the pipelines 
and is not present in the "bore field" half of 
the pipes. The lower half of the internal pipe 
surface is coated with a crystalline deposit of 
magnetite of up to 3 mm (1/8 in) thickness; lo- 
cated at random intervals within the magnetite 
deposit area are large shallow corrosion pits, 
typically 150 to 200 mm ( 6  to 8 in) across and 
generally about 3 nun (1/8 in) deep. In one of 
the,lines, however, pits extended more than 
half way through the 12.7 mm (+ in) wall thick- 
ness of the pipe necessitating the replacement 
of approximately 150 m (500 ft) of this line. 

To prolong the operational life of these pipes 
it has been necessary to turn each of them 
through 1800 over approximately 1000 m ( 3 2 5 0  
ft) of their length. 

The corrosion cells have a bright slightly mat 
metal appearance, and are not coated with any 
corrosion products. Their appearance resembles 
that of metal freely dissolving in acid. The 
surrounding pipe surface is uncorroded, but is 
encrusted with the crystalline magnetite de- 
posit. Photographs 3 and 4 show typical HP 
line corrosion cells. 

The cause of the corrosion has been attributed 
to the flow of nearly neutral condensation 
products containing dissolved CO2 and H2S gases 
which flow along the bottom of the pipe. 
water is largely removed by extraction catch- 
pots located at approximately 120 m (400 ft) 
intervals along the pipe. These catchpots very 
effectively scrub all traces of dissolved chem- 
icals carried over from the separators from the 
line, which results in the purity of the con- 
densate progressively increasing toward the 
power station. (Ref. 2.) Because of this near 
neutral pH of the condensate the exposed iron 
is attacked; this leads to the dissolution of 
the iron and subsequent deposition of magnetite 
further down the pipe. (Ref. 3 . )  

This 

During the investigation into this problem it 
was noted that no significant corrosion had 
taken place within the wellhead equipment or in 
the upfield end of the HP pipelines. This, it 
was assumed, was due to the presence of soluble 
chemicals within the water inhibiting corrosion 
attack. Tests on the condensate discharged 
from the catchpots along the whole length of 
the HP pipelines revealed that where the con- 
densate had a high silica content (greater than 
10 ppm) no corrosion had occurred. When the 
silica content fell well below this figure 
corrosion attack was very pronounced. 

A trial is currently being carried out on one 
of the HP lines in which silica laden well 
fluid is being injected to see if this will 
inhibit the corrosion attack in the station end 
of the pipeline. Hydrogen probe patches, posi- 
tioned immediately below an active corrosion 
cell, have been installed for "on line" monitor- 
ing of the experiment, previous work having 
shown (Ref. 4) that the rate of corrosion can 
be related to the evolution of hydrogen through 
the pipe wall. Figure 4 shows the encouraging 
hydrogen probe results obtained when well fluid 
was injected into the pipeline for a test trial 
in April/May 1980. The graph shows that imme- 
diately after injection commenced, the collec- 
tion of hydrogen increased, which suggests that 
corrosion had stopped. On stopping the injec- 
tion a period of protection is seen to exist 
before corrosion once again commences with the 
collection of hydrogen at the pre-injection 
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rate. Injection of well fluid recommensed on 
13 May 1980 and an immediate response was ob- 
tained from the hydrogen probe. 

Well fluid injection will be continued over the 
winter generation period and the pipeline opened 
for detailed inspection in October/November 
1980. Condensate discharged from the catchpots 
will be monitored for the desired level of 
silica residual at the station end of the pipe- 
line. The presence of chlorides, in the well 
water being injected, involves careful monitor- 
ing of steam quality. 

Wellhead Steam Flow Meters Steam flow measure- 
ments at Wairakei are used essentially for 
field management purposes. New Zealand Elec- 
tricity operates the steam field; thus there is 
no requirement for an accurate measurement of 
steam output for energy costing purposes. 

Steam output from each of the production wells 
and flash plants is computed daily from flow 
nozzle and mercury differential pressure meter 
readings. These meters, however, are now at 
the end of their economic life, having been in 
service for over twenty years. It is planned, 
therefore, to replace these with stainless 
steel bellows-type differential pressure meters. 

Cooler Water Downflows in Wells Recent meas- 
urements using a down-hole spinner show that in 
two nonproductive wells, substantial quantities 
of 150% water are flowing downwards in the 
open hole section of the well and dispersing 
into the production zone. It is possible that 
similar activity is occurring in other wells 
and in natural fissures. 

Radioactive tracers have been used to detect 
this inflow in surrounding producing wells. 
The full implication of this is still being 
considered. However, it should be noted that 
so far it has not been possible to detect any 
effect on the heat output of the surrounding 
wells, even though the downflow is in excess 
of 200 tonne/hour and is known to have been 
occurring for some years. A workover on one of 
the downflow wells has successfully stopped the 
cooler water inflow and the well has been re- 
stored to production use at a level comparable 
to what it was before it stopped producing some 
years previously. 

Power Station Plant The unfortunate effect of 
the once proposed heavy water distillation 
plant on the plant of the Stage 1 development 
is carried on in the heavy maintenance require- 
ments of the complex of small machines and re- 
sultant equipment associated with the 'A' sta- 
tion. The three 30 MW machines of 'B' station 
are maintained for a much lower cost per unit 
generated. 

The turbines and associated air/gas steam 
ejectors and jet condensers have remained plant 
items with high maintenance costs. The combi- 

nation of saturated steam and the presence of 
hydrogen sulphide gas in the steam require a 
greater degree of vigilance than on other tur- 
bines of the same pressure and temperature. A 
programme of four-yearly turbo-generator over- 
hauls has been more than justified by the high 
availability factor for the plant. 

Turbo-Generators The turbine blades on all 
machines at Wairakei were made from 13 percent 
chromium iron and supplied in the soft (non- 
martensitic) state with a Brinell Hardness in 
the range 160-190. In this condition there was 
considered less risk of stress corrosion crack- 
ing in the geothermal steam environment. To 
prevent erosion of this soft material in the 
wet end of the turbine, the blade tip speed was 
restricted to 275 m/sec (900 ft/sec). 

During the first few years service the erosion 
damage on the exhaust end blades was quite 
marked. However, this damage has progressed 
very little since (see Photograph 5 ) ,  and pre- 
sents no risk to the integrity of the blades on 
the 30 MW mixed pressure machines. For this 
reason no dressing of erosion is done. These 
machines have each accumulated over 130,000 
running hours and following a planned overhaul 
in 1978 the manufacturers representative con- 
sidered the machine blading good for another 
seven to ten years service. 

During this overhaul the opportunity was taken 
to completely dismantle the keyed disc rotor 
(in view of previous failures of this type of 
rotor construction at the Hinkley Point Power 
Station in the U.K.) and give it an extensive 
examination due to hydrogen sulphide being 
identified as an agent for stress corrosion 
cracking. No metallurgical defects were 
discovered. 

All nozzles and diaphragms were found to be in 
good condition, except for severe erosion dam- 
age to the upstream face of the outer rim of 
several diaphragms. This appeared to be due to 
water droplets shedding from the upstream stage 
shrouding. Repairs carried out by station 
staff entailed machining the damage area and 
welding in a stainless steel erosion plate. 

Casing corrosion, to a maximum depth of 1.5 nun 
(1/16 in) has occurred in patches. The inner 
casing drains, however, were found severely 
corroded. See Photograph 6. These drain pipes 
are now being replaced in stainless steel. 

The exhaust end erosion on the 11.2 MW LP 
machines due to the smaller blade section, did 
present a threat to the blade integrity at the 
banding rivet and by fatigue in the blade,and 
following a number of Stage 1 blade fatigue 
failures on two machines after 110,000 hours 
operation, it was decided to completely re- 
blade all LP machine rotors. 

A 
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The 11.2 MWe IP machines, which were late sub- 
stitutes for the planned heavy water distilla- 
tion plant, have been very prone to blade fail- 
ures, due primarily to the high steam bending 
stresses in the blades being well above that 
applicable to contemporary machines. Higher 
strength blades manufactured from FV 520, a 1 4  
percent chromium, 5 percent nickel material, 
are currently being tried out on these machines. 

As mentioned previously, the HP machines at 
Wairakei are all operating at very much reduced 
load due to the fall-off in steamfield pressure, 
and consideration is being given to re-siting 
two of these machines at the planned Ohaki 
Geothermal Power Station so that more efficient 
use can be made of the HP steam which will be 
initially available at that site. 

Examination of the machines has shown no major 
repairs necessary with the exception of perhaps 
the complete replacement of the exhaust casings. 

In the early years of operation a case of 
"standby corrosion" was experienced with one 
turbine when, owing to imperfect isolation, 
steam seeped into the casing of the idle machine 
from the exhaust end. The presence of air and 
condensation proved a particularly noxious and 
corrosive mixture and the rotor and diaphragms 
suffered attack. Improved methods of isolation 
assisted by hot air ventilation for drying out 
turbines after shutdown has prevented a re- 
currence of this trouble. 

Jet Condensers The jet condenser shells on the 
Wairakei machines are made from mild steel with 
the wetted surfaces epoxy coated (Calvinac) . 
This coating has stood up remarkable well con- 
sidering the presence of warmth, moisture, 
oxygen and hydrogen sulphide, and still exists 
over some 80 to 90 percent of the total inter- 
nal surface area. Site application of the orig- 
inal epoxy coating has proved very difficult 
and station staff have had to use a different 
epoxy coating for repair work. This substitute 
material, however, only has a service life of 
between four to five years. 

A significant problem with the condenser bodies 
is that corrosion, once it commences, proceeds 
rapidly to excavate very deep pinhole cavities 
which have on occasions penetrated the shell. 
Repairs to corrosion pits are made by welding, 
but if the welds are not ground smooth and 
epoxy coated, corrosion proceeds extremely 
rapidly at the weld fusion zones. Photograph 7 
shows condition of epoxy coating within jet 
condensers. The impact forces of the cooling 
water on the condenser floor plates have re- 
sulted in these plates frequently becoming de- 
tached. However, by strengthening the mounting 
framework and making the floor plate attachments 
more resilient by introducing rubber washers at 
each joint interface and by the use of stainless 
Belleville washers, the station staff have had 
some success in containing this problem. 
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Gas Extraction System Initially, high speed 
centrifugal gas exhausters were installed on 
the LP machines, but these proved very unreli- 
able mechanically and were replaced with steam 
driven ejectors. These have proved to be very 
reliable, but inefficient in the use of steam. 

The ejector condensers are subject to heavy 
sulphur encrustation, and corrosion in this 
area is fairly severe. In general, ejector 
condenser bodies with epoxy linings last ap- 
proximately six years, although one of the 
original ejector condensers coated with Calvinac 
epoxy is still in service. 

In 1971 the gas extraction and water discharge 
pipework from the ejectors was replaced with 
polyester asbestos and this has given excep- 
tional service and is expected to last indef- 
initely on this duty. 

Electrical Equipment The only satisfactory 
material found for electrical contacts at 
Wairakei has been platinum; silver and even 
gold contaminates rapidly in the hydrogen 
sulphide polluted atmosphere. 

Copper must be tinned to avoid corrosion, and 
wires must be stripped using thermal strippers, 
otherwise the "nicks" in the tinning caused by 
blade strippers allow corrosion to commence, 
resulting in the tails falling off the wires. 

The brush gear has been a continuing source of 
trouble and requires constant routine mainten- 
ance. 

Cooling Water Discharge Culverts Due to the 
use of jet condensers at Wairakei, hydrogen 
sulphide gas gets carried over into the cooling 
water culverts where it collects in pockets 
located above the water level. The design of 
the culverts at Wairakei is such that during 
normal operation the culverts do not run full 
and there exists a 200 mm (8 in) gas space 
above the water level. The hydrogen sulphide 
which collects in this space oxidises to sul- 
phuric acid which attacks the exposed wet con- 
crete causing the surface to crumble and break 
away. Those areas of culvert that are below 
the operating water level exhibit little or no 
sign of deterioration. 

Concrete 105s on the roof areas of the culverts 
has been extensive. (See Photograph 8.1 On 
large areas the first layer of reinforced steel 
has been exposed, and in places the steel has 
been completely corroded through. The integ- 
rity of the culvert structure is still ade- 
quate, but a solution to the problem is urgently 
required. 

Since 1974 a test programme has been imple- 
mented to evaluate possible repair and cure 
methods for the culvert roof corrosion problem 
and to test concrete protective coatings for 
new geothermal installations. To date, the 



most promising results have been achieved by 
spraying the roof with a urethane expansion 
foam to a depth of 37 to 50 mm (1% to 2 in). 
Care is taken to make this surface reasonably 
smooth as an elastometric polyurethane sealing 
coating (Irathane 141) is applied to it to pro- 
vide resistance against chemical attack. Photo- 
graph 9 shows a section of roof being foam 
covered and the Irathane primer coating being 
applied. Photograph 10 shows the same roof area 
after three years operation. 

Epoxy coated concrete block samples have been 
positioned in the culvert corrosion zone for 
evaluation purposes. No results are as yet 
available on this work. 

It is New Zealand 
Electricity management's intention that Wairakei 
be maintained at its present level of production 
provided economic means are available to sus- 
tain this production. To this end active steps 
are being taken to investigate the feasibility 
of reinjecting the waste hot water from the 
field as a means of alleviating and correcting 
the decline in field pressure. Management of 
the reservoir is the primary object of this re- 
injection. Secondary effects are the possible 
curtailment of ground subsidence and lessening 
of environmental problems created by surface 
discharge of geothermal waste fluids to the 
Waikato River. 

Currently, tests are in hand to evaluate the 
most promising reinjection sites at Wairakei, 
and a trial reinjection of approximately 700 
tonnes/hour is to be undertaken on a well sited 
near the western field margin. The well select- 
ed for this test has always followed field 
pressures changes closely and rapidly and can 
be considered to be at the sane pressure as the 
main production area. The water temperature at 
which reinjection can be accomplished satisfac- 
torily is of vital importance to the economic 
viability of the scheme because of the low 
waste water temperature existing from the LP 
flash facilities (125OC). 

Existing wells which, up to now, had not been 
considered economic for connection to the steam 
transmission system due to their remoteness, 
are now being reappraised. A potential of 
approximately 20 MWe exists from one group of 
wells and Ministry of Works and Development 
are currently drawing up engineering cost esti- 
mates to link these wells into the steam trans- 
mission system. 

Partial replacement of the steam activated gas 
ejection on the condensing turbo-generators, 
with liquid ring compression is identified as 
an area where the economy of operation of the 
plant can be improved. 

Conclusion It is acknowledged by New Zealand 
Electricity that the initial operating pressure 
Ofthe 'A' station plant was too high and the 
overall installed capacity of the project too 
large for the geothermal resource to sustain. 
The need to assess more accurately the reaction 
of a field to exploitation will be a very im- 
portant consideration in any future geothermal 
electrical power development in New Zealand. 

The cancellation of the heavy water distilla- 
tion plant, and its replacement by additional 
turbo-generators, has resulted in a complex of 
small machines on the 'A' station which is 
costly to maintain, in comparison to ' B '  station. 

The general condition of plant on both ' A '  and 
' B '  stations is such that a further fifteen to 
twenty years operation is expected from the 
equipment before maintenance costs become exces- 
ive. It will still be necessary, however, to 
maintain the same high degree of vigilance, 
which in the past has achieved an enviable 
record of plant availability. 

The use of unsophisticated materials was an 
important design decision which in the main 
has been substantiated. The inclusion of a 
corrosion allowance has,  however, saved the 
"station end" half of the large HP steam mains 
from early replacement due to condensate 
corrosion. 

The use of mild steel protected with epoxy 
coatings has stood up well in the harsh con- 
denser environment at Wairakei. 

The level of future output from the station is 
open to question. Present trends indicate that 
the rate of power output drop is declining. The 
performance of the field during the forthcoming 
winter generation period will be watched closely 
to see if this trend continues. In the long 
term it is the aim of New Zealand Electricity 
to maintain a geothermal energy resource at 
Wairakei which, with the possible assistance of 
reinjection, will produce power at near the 
present level for a very long time. Wairakei, 
it is hoped, will be like your grandfather's 
axe, four new shafts, two new heads, but still 
the same axe. 
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Figure No. l a  Flow diagram showing machine arrangement at 
Wairakei A and B s ta t ions.  

Figure No. Ib Diagrammatic arrangement of 
a t  Wairakei. 
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steamfield plant 

Figure No. 1 
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Photograph 1 View showing failure of main drain which necessitated 
the only major  unscheduled steamfield shutdown in 
the last 10 years. 

Photograph 2 Another view of damaged drain. 
Note: The thickness of silica build-up on 

the right hand drain channel. 

Photographs 1 and 2 

7 - 4 6  



1 

Photograph 3: Typical H.P. P ipe l ine  cor ros ion  ce1:L. 

Photograph 4: H.P. P ipe l ine  cor ros ion  c e l l .  
Note: Magnetite redepos i t ing  a long  

downstream edge 

Photographs 3 and 4 
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Photograph 5:  Erosion damage to mixed pressure M/C 
exhaust end blades after l35,OOO hours operation. 

Photograph 6: Intermediate pressure M/C casing drain 
corrosion damage. 

Photographs 5 and 6 
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Photograph 7: View o f  j e t  condenser floor p l a t e  and s ide  w a l l  
a reas .  Note the  good condition of  epoxy coa t ing  on w a l l .  

Photograph 8: View of cooling water o u t l e t  cu lve r t  showing 
hydrogen sulphide induced a t t a c k  on cu lve r t  r o o f .  

Photographs 7 and 8 
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Photograph 9 Showing part of C.W. outlet culvert roof coated 
with urethane foam and sealing coat of elastometric 
polyurethane applied. 

Photograph 10 Showing the same culvert roof after three years 
exposure to sulphuric acid attack. 

Photographs 9 and 10 
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PROJECTED GEOTHERMAL ENERGY DEVELOPMENT IN CANADA 

Jack G. Souther 
Geological Survey of Canada 
100 West Pender Street 

Vancouver, B.C. V6B 1R8 666-1528 

Introduction A systematic evaluation of geo- 
thermal energy resources in Canada was begun 
in 1973 with the compilation of an inventory 
of thermal springs and young igneous centres 
(11) and a study of the thermal regime of the 
Central Canada Plains (15). The status of 
this work is still very preliminary. The 
nature, distribution and grade of the geother- 
mal resource-base can be estimated within 
reasonable limits but the impact of future 
economic and political constraints, and the 
rate of development of new conversion technol- 
ogies are more difficult to forecast. Thus, 
projections of geothermal energy development 
in Canada are necessarily less precise than 
estimate of the resource-base. 

Resource-base Recoverable geothermal heat is 
present in three geologically and geographi- 
cally distinct regions of Canada: 1. The 
Central Canada Sedimentary Basin, 2. a region 
of south-central British Columbia characteriz- 
ed by high heat flow and Basin and Range style 
structures and, 3. thermal anomalies associat- 
ed with Quaternary volcanic belts in western 
British Columbia. 
reconnaissance surveys, designed to identify 
potential targets, are in progress and, in 
addition, site-specific work presently under- 
way in the sedimentary basin and in the west- 
ern volcanic belts is scheduled to bring full- 
scale pilot plants on stream within the next 
decade. 

In each of these regions 

Central Canada Sedimentary Basin Relatively 
high thermal gradients in the Central Canada 
Sedimentary Basin are caused by the insulating 
effect of a thick cover of flat-lying sedimen- 
taryrocks on the crystalline basement. The 
sediments,which range in age from Cambrian to 
Tertiary, are thickest in the west and include 
numerous regional aquifers containing enormous 
volumes of hot water and brine. Using exist- 
ing oil well data Sproule (15) has identified 
those parts of the basin where bottom-hole 
temperature exceed 8OoC (Fig. 1). The hottest, 
up to 175OC, are recorded in a remote region 
of northwestern British Columbia and North- 
west Territories, but temperatures above 100°C 
are present at moderate depths over most of 

the settled region of southwestern Alberta and 
part of Saskatchewan. Fifty percent of the 
recorded temperatures lie along gradients 

5 0  100 150 

Figure 1 Max.imum bottom-hole temperatures 
in the Centra:L Canada Sedimentary Basin. 
The dashed line separates regions in which 
temperatures are above and below 8OoC. 
Graph shows gradients in the hotter regions. 
(after Sproule 1977) 

between 28'C/km and 4OoC/km and the average 
for the high temperature portion of the basin 
is 33.3O~/km. 

The total heat stored in the Western Canada 
Sedimentary Basin is enormous. Jessop (4) 
has calculated that the total heat in pore 
fluid above O°C is 4.6 x 10' BTU. Such 
figures have no real significance when one 
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considers t h a t  they apply t o  an a rea  of some 
800,000 square m i l e s  with only 3 c i t i e s  of 
more than 100,000 people. Unlike o i l  and gas,  
which a r e  s t i l l  being produced from t h i s  same 
bas in ,  low-grade geothermal hea t  cannot be 
t ranspor ted .  A more r e a l i s t i c  es t imate  of us- 
ab le  reserves  can be achieved by considering 
the  number of population cen t r e s  t h a t  l i e  i n  
those  p a r t s  of the  basin where bottom-hole 
temperatures a r e  near 80°C. Using G o r r e l l ' s  
( 3 )  f igu res  (Table 1) fo r  a t h e o r e t i c a l  
"average w e l l "  drawing from an "average reser- 
vo i r "  of 3 Km2 and assuming complete recovery 
from an area propor t iona l  t o  t h e  population 
of each ind iv idua l  c i t y ,  a rough es t imate  
of ava i l ab le  hea t  can be ca lcu la ted .  The f ig -  
ures  i n  t a b l e  2 a r e  based on r e se rvo i r s  of 
100 Km2 per 10,000 population. 
which t h i s  i s  a c t u a l l y  developed w i l l  depend 
on t h e  economic a s  w e l l  a s  t h e  t echn ica l  
success of an experiment being conducted i n  
Regina (17 )  where a demonstration f a c i l i t y  
designed t o  u t i l i z e  hot  NaCl geothermal b r ine  
f o r  space hea t ing  i s  under cons t ruc t ion  a t  t h e  
University of Saskatchewan. A 7000 foot  pro- 
duction w e l l  has been d r i l l e d  and i s  p resen t ly  
being t e s t ed .  I f  s u f f i c i e n t l y  high temperat- 
u re s  and f l o w  rates a r e  achieved a second, in- 
j e c t i o n  hole  w i l l  be d r i l l e d  nearby and b r ine ,  
c i r cu la t ed  from one hole  t o  t h e  o the r ,  w i l l  
be used t o  pre-heat a i r  en ter ing  a complex of 
new un ive r s i ty  bui ld ings .  

South-Central B r i t i s h  Columbia A north-south 
t rending  co r r ido r  of h ighly  conductive rock 
beneath south-cent ra l  B r i t i s h  C o l u m b i a  w a s  
i d e n t i f i e d  by geoe lec t r i ca l  surveys more than 
t en  years  ago (1). It is in t e rp re t ed  t o  be a 
l i n e a r  zone of abnormally high upper mantle 
and lower c r u s t a l  temperatures i n  which hori-  
zons of p a r t i a l  melt  have formed. The sur face  
s t r u c t u r e  i s  charac te r ized  by T e r t i a r y ,  normal 
f a u l t i n g ,  subsidence s t r u c t u r e s ,  t h i ck  depos i t s  
of potash-rich,  s i l i c e o u s  volcanic  rocks and 
assoc ia ted  high-level p lu tons  of syeni te .  
Regional hea t  flow values of 1.86 HFU are re -  
por ted  by Jessop (5) and t h e  g rad ien t s  of two 
test holes  d r i l l e d  i n  1978 a r e  i n  t h e  order of 

The ex ten t  t o  

54oc/km ( 7 ) .  

On-going research  i n  t h i s  reg ion  inc ludes  
d r i l l i n g  add i t iona l  heat-flow holes ,  sur face  
mapping and a study of t h e  d i s t r i b u t i o n  and 
thermal e f f e c t s  of r ad ioac t ive ,  heat-producing 
elements i n  t h e  s y e n i t i c  rocks ( 6 ) .  The 
ob jec t ive  i s  t o  l o c a t e  a s u i t a b l e  t a r g e t  f o r  a 
f u t u r e  hot-dry-rock experiment. Fromthe l i t t l e  
d a t a  ava i l ab le  it i s  not poss ib l e  t o  make a 
q u a n t i t a t i v e  es t imate  of H.D.R. r e se rves  i n  
Canada. However, t h e  resource-base, within 

reach of d r i l l i n g ,  i s  assumed t o  be very lars 

' Well Depth 

Reservoir Temperature 

Area of Drainage 

Thickness of Reservoir 

Average poros i ty  

Volume of Water 

Production Rate 

Heat Drop 

Available Heat 

O i l  Equivalent 

3Km 

lO0OC 

3 m 3  

l O O m  

10% 

30 1 0 % ~  

10 Om /hr 

7OoC 

70 x 103kcal/m3 

115 Bbls/day 

Table 1 Estimated production from an 
average, hypothe t ica l  geothermal w e l l .  
(from Gorre l l  1978) 

Volcanic B e l t s  Quaternary volcanoes l i e  along 
t h r e e  d i s t i n c t  b e l t s  i n  western and c e n t r a l  
B r i t i s h  Columbia (Fig. 2 ) .  The Garibaldi b e l t  
of southwestern B r i t i s h  Columbia i s  a northern 
extension of t he  high Cascades of western 
United S ta t e s .  I t  includes a t  l e a s t  32 
e rupt ive  cen t r e s  t h a t  run nor th  f r o m  M t .  
Gar iba ld i ,  near Vancouver, some 200 km t o  
Meager Mountain near t h e  town of Pemberton. 
The Anahim Volcanic B e l t  comprises a f a i r l y  
narrow east-west b e l t  of some 37 cent res  t h a t  
extend approximately along l a t i t u d e  52ON from 
t h e  Coast, inland f o r  600 Ian. S t i l l  f a r t h e r  
nor th ,  t h e  broad S t ik ine  Volcanic B e l t  includes 
over 50 cent res  of which seve ra l  a r e  only a 
few hundred years  o ld .  Ind iv idua l  volcanoes 
within each b e l t  have erupted lava  ranging 
i n  composition from b a s a l t  t o  r h y o l i t e .  Those 
t h a t  have produced a s i g n i f i c a n t  volume of 
ac id  lava  and a r e  a l s o  assoc ia ted  with a c t i v e  
hot  spr ings  are considered t o  have the  qrea t -  
e s t  geothermal p o t e n t i a l  and have been se l ec t -  
ed f o r  more d e t a i l e d  explora t ion  (Fig.  2 ) .  
Because these  t a r g e t s  t h e o r e t i c a l l y  have the  
p o t e n t i a l  t o  produce a high temperature re- 
source capable of power generation, they have 
been t h e  main focus of cu r ren t  explora t ion  
and development. Also, because t h e r e  a r e  no 
n a t u r a l ,  sur face  mani fes ta t ions  of high 
temperature (>65OC) assoc ia ted  with any of 
t hese  cent res  t h e i r  p o t e n t i a l  cannot be 
assumed without ex tens ive  subsurface work. 
Meager Mountain, a t  t h e  nor th  end of t h e  
Gar iba ld i  Volcanic Bel t  i s  t h e  f i r s t ,  and so 
f a r  t h e  only,  volcanic cen t r e  i n  Canada where 
s u f f i c i e n t  geophysical work and d r i l l i n g  have 
been done t o  prove the  presence of a high 
temperature r e se rvo i r .  However, t h e  r e s u l t s  
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F i g u r e  2 D i s t r i b u t i o n  of  Quaternary 
v o l c a n i c  b e l t s  i n  wes tern  Canada. C i r c l e d  
areas are t h o s e  cons idered  t o  have geo- 
thermal  p o t e n t i a l .  

of t h a t  work provide  a r a t i o n a l  b a s i s  f o r  
e x t r a p o l a t i o n  t o  o t h e r  c e n t r e s  of  s i m i l a r  age ,  
composition and s t r u c t u r e .  

Meager Mountain Meager Mountain i s  an ande- 
s i t e ,  d a c i t e ,  r h y o d a c i t e  composite dome a t  
t h e  n o r t h  end of t h e  G a r i b a l d i  Volcanic  B e l t  
( 9 ) .  I t  rests on a c r y s t a l l i n e  basement com-  

p r i s i n g  g r a n i t i c  and metamorphic rocks  of  t h e  
Mesozoic, Coast P l u t o n i c  Complex ( 1 0 ) .  Local  
p o r o s i t y  and p e r m e a b i l i t y  i n  t h e  under ly ing  
basement are b e l i e v e d  t o  have been consider-  
a b l y  enhanced by f r a c t u r i n g  d u r i n g  t h e  i n i t i a l  
e x p l o s i v e  e r u p t i o n  of  Meager Mtn. about  two 
m i l l i o n  y e a r s  ago ( 8 ) .  Subsequent a c t i v i t y  
produced a series of  over lapping  domes and 
p y r o c l a s t i c  wedges tha t  become younger toward 
t h e  n o r t h  and culminate  i n  t h e  Bridge R i v e r  
pumice f lows which w e r e  e rupted  from t h e  n o r t h  

s i d e  of  t h e  mountain about  2400 CI4 y e a r s  ago. 
Thermal s p r i n g s ,  producing moderate f lows of 
i 6OoC w a t e r ,  on t h e  n o r t h  and south  s i d e s  of  
t h e  mountain are t h e  only  n a t u r a l  mani fes ta -  
t i o n s o f  h i g h  s u b s u r f a c e  tempera ture .  

R e s i s t i v i t y  surveys  have d e f i n e d  l a r g e  bodies  
of  h i g h l y  conduct ive  basement r o c k , a d j a c e n t  
t o  t h e  n o r t h  and s o u t h  s l o p e s  of  Meager Moun- 

t a i n a n d  e x p l o r a t o r y  diamond d r i l l i n g  h a s  con- 
f i rmed t h a t  t h e s e  anomalies  are i n  f a c t  due 
t o  h igh  tempera ture  reservoirs ( 2 ) .  A s i n g l e  
h o l e  i n  t h e  n o r t h  r e s e r v o i r  encountered 
tempera tures  above 100°C a t  a depth  of  570 m 
and t h e  h o t t e s t  of 1 0  h o l e s  i n  t h e  s o u t h  
r e s e r v o i r  recorded  tempera tures  above 2OO0C 
a t  367 m. A d d i t i o n a l  d r i l l i n g  and r e s i s t i v i t y  
work are i n  p r o g r e s s  t o  d e f i n e  t h e  e x t e n t  of 
t h e  r e s e r v o i r s  and de termine  t h e  flow c h a r a c t -  
e r i s t ics  of  h o t  w e l l s .  
S t a u d e r ,  based on p r e s e n t  estimates of  
r e s e r v o i r  s i z e  and tempera ture ,  p u t s  t h e  
u l t i m a t e ,  combined c a p a c i t y  of  t h e  two Meager 
Creek r e s e r v o i r s  a t  1000 Mw,. 

Other  Volcanic  Cent res  On t h e  b a s i s  of t h e i r  
s i m i l a r i t y  t o  Meager Mountain a t  l e a s t  4 addi-  
t i o n a l  v o l c a n i c  c e n t r e s  i n  B r i t i s h  Columbia 
are cons idered  t o  have commerical geothermal  
p o t e n t i a l .  Each of  them i s  e s t i m a t e d  t o  have 
e r u p t e d  more t h a n  5 km3 of  a c i d  m a g m a  w i t h i n  
t h e  l a s t  one mil l - ion y e a r s  and each i s  a s s o c i -  
a t e d  w i t h  nearby thermal  s p r i n g s .  M t .  Cayley 
(13), which l i e s  i n  t h e  C e n t r a l  G a r i b a l d i  B e l t  
sou th  of  Meager Mountain, i s  c l o s e  t o  e x i s t i n g  
t r a n s m i s s i o n  l i n e s .  Pre l iminary  s u r f a c e  mapp- 
i n g  has  been completed and c o n t r a c t s  have been 
l e t  f o r  a l i m i t e d  program o f  r e s i s t i v i t y  
surveys  and d r i l l i n g  d u r i n g  t h e  summer of  1980. 
M t .  S i l v e r t h r o n e  ( 1 2 ) ,  because of  i t s  remote 
l o c a t i o n  i n  t h e  c e n t r a l  Coast  Mountains, h a s  
n o t  been s t u d i e d  i n  d e t a i l .  However, reconn- 
a i s a n c e  mapping has  shown it t o  be  one of  t h e  
l a r g e s t  c e n t r e s  o f  Quaternary,  a c i d  volcanism 
i n  B r i t i s h  Columbia. I t  has  been a c t i v e  w i t h -  
i n  t h e  l a s t  25,000 y e a r s  and it i s  a s s o c i a t e d  
w i t h  s e v e r a l  thermal  s p r i n g s .  D e t a i l e d  mapp- 
i n g  i s  scheduled t o  begin  i n  1980. M t .  Edziza 
(14), which has  a l r e a d y  been mapped i n  g r e a t  
d e t a i l ,  and Hoodoo Mountain, which i s  
scheduled f o r  d e t a i l e d  s tudy  i n  1981, are 
l i k e l y  geothermal  t a r g e t s  b u t  bo th  are  t o o  
f a r  from e x i s t i n g  markets  and t r a n s m i s s i o n  
l i n e s  t o  w a r r a n t  s u b s u r f a c e  e x p l o r a t i o n  a t  
t h i s  t i m e .  

A p r o j e c t i o n  by 

I n  t h e  absence of  d e t a i l e d  subsur face  d a t a  
estimates o f  c a p a c i t y  f o r  v o l c a n i c  t a r g e t s  
( o t h e r  t h a n  Meager Mountain) are n e c e s s a r i l y  
vague. However, it is reasonable  t o  assume 
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t h a t  some r e l a t i o n s h i p  e x i s t s  between t h e  
volume of ac id  ejects (less than 1 my o ld)  i n  
t h e  volcanic e d i f i c e  and t h e  s i z e  of t h e  
assoc ia ted  thermal r e se rvo i r .  M t .  Cayley and 
Hoodoo Mountain each has a volume about one- 
t h i r d  t h a t  of Meager Mountain, whereas M t .  
S i lver throne  and M t .  Fdziza are each a t  least 

d o u b l e t h e  volume of Meager Mountain. Thus, 
using t h e  above assumption t h e  poss ib l e  ca- 
p a c i t i e s f o r  t h e  f i v e  known volcanic  t a r g e t s  i n  
B r i t i s h  Columbia are: Meager lOOOMW, Cayley 
300MW, Hoodoo 300MW, Si lver throne  2000MW, 
Edziza 2000MW, f o r  a t o t a l  resource base of 
5600MW. 

Projected Geothermal Development The v a s t  
amount of low grade hea t  s to red  wi th in  t h e  
Cent ra l  Canada Sedimentary bas in  cannot, a t  
p re sen t ,  be economically ex t r ac t ed  f o r  power 
generation. However, s eve ra l  d i r e c t  use 
app l i ca t ions ,  such as t h a t  under development 
a t  Regina, are being planned and an increas ing  
number are expected t o  be brought on l i n e  with- 
i n  t h e  next decade. The p ro jec t ions  shown i n  
Fig. 3 a r e  based on a u n i t  capac i ty  of 5MW 
and a doubling t i m e  of 4 years .  

Two f a c t o r s ,  t h e  e sca l a t ing  c o s t  of o i l  and 
gas, and improved e f f i c i ency  of l o w  t e m p e r a -  
tu reconvers ion  systems, w i l l  eventua l ly  make 
t h e  low grade h e a t  of t h e  sedimentary bas ins  
competit ive with o ther  sources of e l e c t r i c a l  
energy. Because e l e c t r i c i t y ,  un l ike  f l u i d  
f o r  d i r e c t  use,  can be t ransmi t ted  g r e a t  
d i s t ances  from source t o  market it w i l l  he 
poss ib l e  t o  e x p l o i t  t h e  more remote, higher 
temperature p a r t s  of t h e  basin.  The f e a s i b i l -  
i t y  of using b r ine  i n  t h e  15OoC t o  2OO0C range 
f o r  power generation i n  t h e  remote northeast-  
e rn  p a r t  of B r i t i s h  Columbia and ad jacent  
Northwest T e r r i t o r i e s  i s  present ly  under study. 
Commerical developments i n  t h i s  reg ion ,  part- 
i c u l a r l y  mining opera t ions ,  are faced with 
f u e l  c o s t s  a t  l e a s t d o u b l e t h a t  i n  o the r  p a r t s  
of t h e  country. Thus the  i n s t a l l a t i o n  of a 
binary-cycle geothermal generating p l a n t  f o r  
s p e c i f i c  commerical opera t ions  w i l l  probably 
be f e a s i b l e  wi th in  t h i s  decade. Pro jec t ions  
i n  Fig.  3 are based on a u n i t  capac i ty  of 
30MWt and a doubling t i m e  of f i v e  years .  

The exp lo i t a t ion  of a hot-dry-rock resource  
f o r  power generation i n  Canada is so le ly  
dependent on t h e  development of an e f f e c t i v e  
technology i n  t h e  United S ta t e s .  By 1985 a 
s u i t a b l e  t a r g e t  i s  expected t o  have been 
i d e n t i f i e d  i n  south-central  B r i t i s h  Columbia 
but  i s  i s  unl ike ly  t h a t  any attempt t o  develop 
it w i l l  be made u n t i l  a f u l l y  opera t iona l  tes t  
f a c i l i t y  is i n  opera t ion  elsewhere. H.D.R. 
power generation i n  Canada is  unl ike ly  before  

the  year 2000. 

f 

150- 
Sedimentary Basins 

Resource Base 

? 3 1 0 0 -  31,450 M W t  
c e 
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Figure 3 Projected geothermal energy 
development i n  Canada t o  the  year 2000. 

Power generation from t h e  high temperature, 
vo lcanic  r e se rvo i r s  i s  f e a s i b l e  with e x i s t i n g  
technology; t hus  the  only cons t r a in t s  a r e  
economic. 
drawing on 20 w e l l s  could be i n  production a t  
Meager Creek by 1990 and t h e  t o t a l  capac i ty  of 
1000MWe could be on l i n e  by t h e  year 2000. 

Because of i t s  proximity t o  Meager Mountain, 
and t o  e x i s t i n g  transmission l i n e s ,  t h e  
development of M t .  Cayley i s  expected t o  
p a r a l l e l  t h a t  of Meager Mountain within no 
more than  f i v e  years .  

With adequate funding a 100MWe p l a n t  

M t .  S i lver throne  i s  about 150 km of mountains 
t e r r a n e  from t h e  nea res t  transmission l i n e ,  
bu t  it i s  r e l a t i v e l y  c l o s e  t o  good harbours 
on t h e  coas t .  I f  it i s  developed wi th in  t h i s  
decade t h e  power w i l l  probably be used t o  
support a l o c a l ,  c o a s t a l  indus t ry  r a t h e r  than 
added t o  t h e  p rov inc ia l  g r id .  

M t .  Edziza and Hoodoo Mountain a r e  too  remote 
from markets and transmission l i ned  t o  j u s t i f y  
development for a t  l e a s t  t en  years .  However, 
major hydroe lec t r ic  development being planned 
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f o r  t h e  S t ik ine  and I sku t  Rivers w i l l  even- 
t u a l l y b r i n g  transmission l i n e s  t o  wi th in  a few 
km of both these  volcanoes. When t h e s e  a r e  i n  
p lace ,  sometime a f t e r  1990, it seems l i k e l y  
t h a t  an attempt w i l l  be made t o  t a p  t h e  geo- 
thermal resources  of t h e  region. 

Summary The es t imates  of geothermal energy 
production given i n  Fig.  3 a r e  based on very 
incomplete d a t a  and are thus  sub jec t  t o  con- 
t inuous  r ev i s ion .  I n  one sense they a r e  
optomis t ic ,  i n  t h a t  each of t h e  f i v e  volcanic  
t a r g e t s  descr ibed  here  i s  assumed t o  be 
assoc ia ted  wi th  a thermal r e se rvo i r .  However, 
no provis ion  has been made f o r  t h e  discovery 
of new t a r g e t  areas, nor has any attempt been 
made t o  es t imate  t h e  impact of s u b s t a n t i a l  
breakthroughs i n  low temperature conversion 
technology o r  H.D.R. u t i l i z a t i o n .  Both of 
t hese  w i l l  c e r t a i n l y  occur wi th in  t h e  next  
decade. Thus even i f  t h e  s p e c i f i c  t a r g e t s  
i d e n t i f i e d  i n  t h i s  r e p o r t  do no t  come up t o  
our present  expec ta t ions  it i s  reasonable 
t o  expect an upward r ev i s ion  i n  t h e  es t imate  
of t o t a l  geothermal energy production beyond 
1990. 
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TREND OF GEOTHERMAL DEVELOPMENT AND UTILIZATION 

FOR THE YEAR OF 1979 

Hideo Iga and K. Baba 
Japan Geothermal Energy Association 

Tokyo 100, Japan 

Present Situation in Japan In 1979, all geo- 
thermal power plants were in successful opera- 
tion with the performance records as shown in 
Table 1. Among these plants, Hatchobaru Geo- 
thermal Power Plant (No. 172 in Figure 1) had 
an insufficient steam output at the commence- 
ment of operation, thus allowing a licensed 
capacity of less than 50 MW for the facilities, 
but new wells were dug successively and licens- 
ed capacity was raised to 48 MW in the latter 
half of 1979. Thereafter it reached 50 MW in 
March and then 52 MW in April of 1980 as steam 
production wells became complete. 

Operation factor exceeded 90 percent for each 
plant, going in the neighborhood of 100 percent. 
Load factor was also more than 80 percent for 
every plant except Otake Geothermal Power Plant 
(No. 172 in the figure) which had a decrease in 
load factor due to periodic repairs, thus re- 
cording far higher factors than those of other 
conventional thermal or nuclear power plants. 

At present, Mori Geothermal Power Plant (ten- 
tative name, No. 110 in the figure) located in 
the southern part of Hokkaido where several 
steam production wells have been completed, is 
under construction with an aim of starting 
operation in 1981. Japan Metals and Chemicals 
Co.,Ltd, is constructing the steam generating 
facilities and Hokkaido Electric Power Co., 
Inc. is building the power plant. The installed 
capacity is estimated at 50 MW. To this end, 
14 production wells and 7 injection wells are 
to be dug. 

Contribution of Japanese Industries Abroad 
Table 2 shows foreign geothermal power plants 
being planned or in construction which will 
utilize Japanese equipment. 

Geothermal Resources Survey in Japan The Agency 
of Natural Resources and Energy, Ministry of 
International Trade and Industry, annually con- 
ducts a survey for development of geothermal 
resources which includes a basic survey and an 
environmental survey. 

The basic survey is intended for the develop- 
ment of geothermal resources in undeveloped 
areas by conducting a survey on the earth's 
surface in the first year and a boring survey 
(one boring of about 500 to 800 m in every area) 
in the subject areas. The environmental survey 
is intended for investigating in advance the 
effect of development on the environment in the 
subject areas designated by enterprises planning 

power generation. This survey includes two 
borings of 1,000 m order in every area, a 
meteorological survey, a plant ecological sur- 
vey, a survey of natural steam vents, river 
water, etc., a survey on the effect of ejec- 
tion and/or injection from geothermal wells on 
the atmosphere, river water, etc., a seismic 
survey, etc. 

The basic survey conducted in 1979 covered the 
following five areas: Atosanupuri in Kussharo 
(No. 102 in the figure); Iwakisan in Ikarigaseki 
(No. 116); Yuda in Tsuchihata (No. 122); Aka- 
kura in Kurikoma (No. 123); and Yunohira in 
Beppu-Kuju (No. 172); in each of which a gravi- 
metric survey, .an electrical, a survey on seis- 
mic activity, a survey on hydrothermally alter- 
ed zone, and a geochemical survey were conducted. 

Four areas were selected for the environmental 
survey in 1979. They were Komonomori in 
Hachimantai (No. 119); Asahidai in Hijiori (No. 
124); Obeno in Ririsima ( N o .  179); and Oogiri 
in Kirishima (No. 179). 

In addition to the above, the Agency of Natural 
Resources and Energy decided to conduct a sur- 
vey for promoting development on subject areas 
that have been already developed to some ex- 
tent, and in 19'79, Onikobe located in the 
northeast of Honshu was selected and a geo- 
chemical survey was performed on the area. 

The above-mentioned is the governmental survey- 
ing activities, and it should be added that 
private enterprises' surveying activities have 
been getting more active year by year. 

Research Activities on Geothermal Energy 
Research work 011 technology for development of 
geothermal energy resources is taken up as one 
of the most important subjects of Agency of 
Industrial Technology, Ministry of International 
Trade and Industry. The subjects of study 
taken up in 19713 are listed as follows: 

1. For Government research institutes 
a. Research on Hydrothermal Systems in 

Geothermal Areas 
b. Research on Exploration Methods for 

Wide Area Deep Geothermal Resources 
c. Studies on the Drilling and Fracturing 

Techniques for Hot Dry Rock 
d. The Material Development Study for Geo- 

thermal Power Generation 
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2. For non-Government research institutes 
under an entrusted contract with the 
Government 
a. 

b. 

C. 

d. 

e. 

f. 

g- 

h. 

i. 

j. 

Studies of the Methods for the Survey 
of Wide Area Geothermal Structure 
Development of the Drilling Mud Avail- 
able under a Geothermal Environment 
Development of the Cement Available 
under a Geothermal Environment 
Development of the Drilling Techniques 
for High Temperature Formations 
Studies on Logging Technology in Geo- 
thermal Wells 
Study on Underground Reinjection Mech- 
anism of Disposal of Hot Water 
Development of Power Generating Plant 
Utilizing Geothermal Hot Water 
Feasibility Study on Electric Gener- 
ation Systems Utilizing Hot Dry Rock 
Research and Development of Technology 
for Preventing Adhesion of Scale from 
Geothermal Hot Water 
Research and Development of Technology 
for Removing Hydrogen Sulfide from 
Geothermal Hot Water 

In addition to the foregoing, the Demonstration 
Program for Environmental Protection on Devel- 
opment of Large Scale Power Plants using Deep 
Geothermal Resources that had been started as 
a 5-year schedule in 1978 by the Agency of 
Natural Resources and Energy and the Agency of 
Industrial Technology has entered upon the 
second year. This program covers Hohi District 
in the central part of Kyushu and has been con- 
ducted by Japan Electric Power Development Co., 
Inc. on a consignment basis. 

Training of Engineers from Developing Countries 
The annual international training course in 
geothermal energy was held at Kyushu University 
with Prof. Onodera of the Faculty of Engineer- 
ing of the University as the course leader. 
This course is intended for training 10 to 20 
engineers invited from developing countries on 
technology for development of geothermal energy 
for about 90 days annually, and the year of 
1979 fell in the 10th session. The participants 
in the training course for 1979 came from the 
following countries: Bolivia, Chile, Colombia, 
Costa Rica, Egypt, India, Indonesia, Iran, 
Kenya, Peru, the Philippines, Thailand, Turkey, 
and Venezuela. 

n 
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4 
I 
ul 
19 

Power P lan t  

Matsukawa (1966) 

Otake (1967) 

Onuma (1974) 

Onikobe (1975) 

Hatchobaru (1977) 

Kakkonda (1978) 

Notes: *1  

*2 

*3 

* 4  

"5 

*6 

T a b l e  1 Operation Records f o r  Geothermal Power P lan ts  i n  Japan 

I n s t a l l e d  Licensed Total  
Capacity Capacity Output 

(Mw) (Mw) (Mwh) *1 

22  22 175,808 

52,722 12.5 12.5 

1 0 .  8.6 62,440 

25 12 .5  62,084 

50 48 *' 329,356 

50 50 381,919 

*4 

Maximum 
output 

(MW) *2 

22 .4  

11.9 

8.2 

9 

4 8 . 1  

51 

Operation Load 
Factor Factor 
( % )  "3 

c 

Remarks 

95.6 89.5 Japan Metals & Chemicals Co., Ltd. 

92.9 

95 86.9 Mitsubishi Metal Co., Ltd. 

95 78.7 Japan E l e c t r i c  Power Development Co., Ltd. 

99.2 78.2 Kyushu E l e c t r i c  Power Co., Inc. 

92 85.4 Steam Generation: Japan Metals & 

50.6 Kyushu E l e c t r i c  Power Co., Inc. "5 

Chemicals Co., Ltd. 
Power Generation: Tohoku E l e c t r i c  

Power Co., Inc.  

Total  output i s  f o r  January-December period of 1979. 

Maximum output i s  the  maximum value of one hour average. 

x 100 Operation f ac to r  is 

Licensed capacity was changed from 11 MW t o  12.5 MW on November 2 7 ,  1979 

Periodic r epa i r s  from October 1 t o  20 ,  1979 

Change i n  l icensed capacity: 1979, M a r .  23: from 27 t o  35 MW 
Apr. 26: from 35 t o  44 MW 
June 28: from 44 t o  48 MW 

1980, Mar. 14: from 48 t o  50 MW 
Apr. 1: from 50 t o  52 MW 

operating days 
365 

Matsukawa i s  #119 i n  Figure 3; Otake i s  #172;  Onuma i s  #19; Onikobe i s  #123; Hatchobaru i s  #172;  Kakkonda is  #119. 



Country 

U.S.A. 

Mexico 

El Salvador 

Iceland 

Philippines 

Kenya 

Portugal 

Table 2 Geothermal Power Plants under Construction 
or Planned in Other Countries 

Name of Number of Total Capacity Remarks (Enterprises which have 
Power Plant 

The Geysers 

Brawley 

Heber 

No. Cal. Pow. Auth. 

Cerro Prieto 

Ahuachapan 

W a f  la 

Tiwi 

Makiling 

Tonganan 

Alkaria 

Azores 

Units 

5 

1 

1 

2 

1 

1 

1 

2 

3 

4 

1 

1 

554 * 5 

10 

50 

110 

30 

40 

3 0  

110 

111.2 

115.5 

15 

3 

received orders for equipment) 

3 units of 5 units to Tokyo Shibaura 
Electric Co., Ltd. 

Mitsubishi Heavy Industries Co., Ltd. 

Mitsubishi Heavy Industries CQ., Ltd. 

Fuji Electric Co., Ltd. 

Mitsubishi Heavy Industries C o . ,  Ltd. 

Fuji Electric Co., Ltd. 

Mitsubishi Heavy Industries Co., Ltd. 

Tokyo Shibaura Electric Co., Ltd. 

Mitsubishi Heavy Industries Co., Ltd. 

Mitsubishi Heavy Industries Co., Ltd. 

Mitsubishi Heavy Industries Co., Ltd. 

Mitsubishi Heavy Industries Co., Ltd. 
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Figure 2 Geothermal Areas i n  Japan, from 1 9 7 7  Geological Survey 

101 S h i r e t o k o  131 A t s u s h i o  161 G s h i m a  

102 K u s s h a r o  132 B a n d a i s a n  1 6 2  Ni i j ima 

103 A k a n  133 Ashinomaki  163 K ~ r u s h j m l  

1 0 4  S h i h o r o  1 3 4  Nishiyama 1 6 4  Hachi jd j in  

1 0 5 D a i s e t u z a n  135 N a s u  165 K i i  

106T'yoha'  136 S h i o b a r a  166 S h i r a h a m l  

107 Niseko 137 Okun'ikka 167 Rokkaran 

108 S h i k o t s u . T 6 y a 1 3 8  Okutone  168 Mjkata 

1 0 9 Y u r a p p u d a k e  139 Honjd j i  169 T o t t o r i  
110 Komagatake  140 M a t s u n o y a m a  170 Kaike 

I 1  1 S h i r i u c h i  141 Echigo-yurawa 171 Matsue 

112 Shimoki ta  142 N a e b a  172 Beppu.Ku 
113 A s a m u s h i  143 N o r a w a  173 H i t .  

114 Hakkoda 144 S h i r a n e  174 A s o  

115  A s a s e i s h i g a w a l 4 5  Y a t s u g a t a k e  175 I k i  

116 I k a r i g a s e k i  146 My6ko 176 U r e s h i n o  

117 K a r u n o a y u  147 K a s u g a i  177 U n r e n  

118 N o s h i r o  1 4 8 H i m e k a w a  178 Goto 

119 Hachimanta i  1 4 9 K u r o b e  179 K i r i s h i m a  

120 O s h u k u  1 5 O T a t e y a m a  180 Imuta  

121 Hanamaki  151 K u r u  181 S a t s u n a n  

122 T s u c h i h a t a  152 N a k s b u s a  182 Kikaigashi  

123 Kur ikoma 153  Yakeyama 183 Kuchierab i  

124 H i j i o r i  154 H a k u s a n  184 Nakanoshi i  

125 Nishi tagawa 155 Kaga 1'85 S u w a n o s e j  

126 Za6 156 W a k u r a  

127 Iwafune 1 5 7 A w a r a  

128 Onogawa 1 5 8 G e r o  

129 I i z a k a  159 H a k o n e  

130 A r u m a  $ 6 0  Izu 

J 6 r a n k e i  

1 7  
1 

'8 

-L 

109 4 
1 1 1  

'1 68 

4( 

120 
121 

I 1 2 2  I 

123 *' i 

P .v 
I, 

- 124 
128 

129 
130 L 

I 

I 
J 

132 
133 

135 
138 7 
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WORLDWIDE GEOTHERMAL POWER PLANTS: 

STATUS AS OF JUNE 1980 

Ronald DiPippo* 
Mechanical Engineer ing Department 

Southeas te rn  Massachuset ts  U n i v e r s i t y  
North Dartmouth, Massachuset ts  02747 

I n t r o d u c t i o n  There are 100 geothermal  power 
u n i t s  now i n  o p e r a t i o n  throughout  1 2  c o u n t r i e s ,  
w i t h  a t o t a l  i n s t a l l e d  c a p a c i t y  of  j u s t  over  
2110 MW. The average  u n i t  t h u s  i s  r a t e d  a t  
2 1 . 1  MW. N e w e r  u n i t s  may b e  broadly  c l a s s i f i e d  
as fo l lows:  (a)  wel lhead u n i t s  o f  less t h a n  
5 MW; (b )  s m a l l  p l a n t s  of  about  1 0  MW; 
( c )  medium p l a n t s  of  30-35 MW; ( d )  l a r g e  p l a n t s  
of about  55 MW; and (e )  complexes t y p i c a l l y  
c o n s i s t i n g  o f  s e v e r a l  55 u n i t s  i n  a l a r g e  
geothermal f i e l d .  There i s  a t r e n d  toward 
t u r b i n e  u n i t s  o f  t h e  double-flow t y p e  w i t h  a 
55 MW r a t i n g ,  used e i t h e r  a l o n e  o r  i n  a tandem- 
compound arrangement g i v i n g  110 MW i n  a s i n g l e  
p o w e r  house. This  i s  p a r t i c u l a r l y  e v i d e n t  a t  
The Geysers f i e l d  i n  C a l i f o r n i a .  Double-flash 
u n i t s  (separated-steam fol lowed by a s u r f a c e  
f l a s h )  are s u i t e d  ,to h igh  q u a l i t y  r e s e r v o i r s  
having h i g h  temperature, h i g h  steam f r a c t i o n s  
a t  t h e  wel lhead,  and low s c a l i n g  p o t e n t i a l .  
S i n g l e - f l a s h  u n i t s  ( s e p a r a t e d  steam) may be  
c a l l e d  f o r  where s c a l i n g  by t h e  s p e n t  b r i n e  i s  
a p o t e n t i a l  problem f o r  t h e  l i q u i d  d i s p o s a l  
system. Binary plants are  be ing  used f o r  some 
v e r y  l o w  tempera ture  r e s e r v o i r s ,  p a r t i c u l a r l y  
i n  t h e  P e o p l e ’ s  Republ ic  o f  China, a l b e i t  i n  
extremely small u n i t s .  A l a r g e - s c a l e  p i lo t  
p l a n t  o f  t h e  b i n a r y  t y p e  i s  be ing  planned f o r  
t h e  Imper ia l  Val ley  o f  C a l i f o r n i a .  

Summary Table 1 c o n t a i n s  a summary of t h e  qeo- 
thermal  p o w e r  p l a n t s  i n s t a l l e d  around t h e  world 
by country.  

Table  1. Summary of I n s t a l l e d  
Geothermal Power P l a n t s  

I n s t a l l e d  
Country No.  o f  U n i t s  Capac i ty ,  MW 

China 
E l  Sa lvador  
I c e l a n d  
Indones ia  
I t a l y  
Japan 
Mexico 
N e w  Zealand 
P h i l i p p i n e s  
Turkey 
U . S  . S. R. 

9 
3 
2 
1 

37 
7 
4 

14 
6 
1 
1 

5.186 
95 
32 

0.25 
420.6 

166 
150 

202.6 
224.2 

0 . 5  
5 

United S t a t e s  1 5  809.2 
2110.536 MW 

I t  may b e  seen  t h a t  t h e  U . S .  h o l d s  t h e  l e a d  i n  
i n s t a l l e d  c a p a c i t y .  Futhermore, t h e  average  
u n i t  s i z e  i n  t h e  U.S. i s  about  54 MW, whereas 
i n  I t a l y ,  which o p e r a t e s  t h e  most u n i t s ,  t h e  
average  s i z e  i s  only  11 MW. I t  should a lso b e  
poin ted  o u t  t h a t  t h e  a c t u a l  capacities of t h e  
u n i t s  i n  I t a l y  and i n  New Zealand, t h e  f o u r t h  
l a r g e s t  geothermal  power count ry ,  a r e  w e l l  
below t h e  i n s t a l l e d  v a l u e s  owing t o  d e c l i n e  o f  
t h e  r e s e r v o i r s .  I t a l i a n  gothermal  p l a n t s  have 
been o p e r a t i n g  s i n c e  1904 and t h o s e  i n  N e w  
Zealand s i n c e  1958. The m o s t  r a p i d  g a i n s  are  
t a k i n g  p l a c e  i n  the  P h i l i p p i n e s ,  now t h e  t h i r d  
l a r g e s t  i n  i n s t a l l e d  c a p a c i t y ,  where 220 MW have 
been brought  on-.Line w i t h i n  t h e  l a s t  1 6  months. 

Now w e  s h a l l  p r e s e n t  more d e t a i l e d  t a b u l a r  
surveys  of  t h e  geothermal  p l a n t s  i n  each country 
a long  w i t h  a few b r i e f  remarks i n  each case .  

China (See Table  2 )  W e  have r e c e n t l y  l e a r n e d  
about  t h e  geothermal  a c t i v i t i e s  i n  t h e  P e o p l e ’ s  
Republic o f  China. A more thorough s tudy  i s  
conta ined  i n  a companion paper  i n  t h e s e  Pro- 
ceedings  by t h i s  au thor .  

T a b l e  2 .  CHINA ~- 
P l a n t  

Fengshun 
U n i t  1 
Unit 2 
U n i t  3 

H u a i l a i  

Wentang 

Hu it ang 

Yinqkou 

Yangba j i n g  
Unit  1 
Unit  2 

Y e a r  -_ 

1970 
1971 
19713 

197:L 

1971 

1975 

1977 

1977 
1979 

Type Rat ing ,  bW 

1 -F1 ash 0.086 
Binary:  i-C H 0.200 

n.a.  lo 0.250 

Binary:  C H C 1 ;  0.200 
2 5  

‘qH1O 

Binary:  C H c1 0.050 

1 -F1 a s h  0.300 
2 5  

Binary:Freon;  0.100 

‘qH1O 

1-Flash 1 . 0  
1-Flash 3 . 0  
Tota l ,  i n s t a l l e d  5.186 MW 

* ~ l s o ,  Div is ion  o f  Engineer ing,  Brown Univers i ty  
Providence, Rhode I s l a n d  02912 
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E l  Salvador  (See Table  3 )  AhuachapAn i s  t h e  
s i t e  of  one of t h e  most s u c c e s s f u l  f lash-s team 
p l a n t s  i n  t h e  world. I t  i s  t h e  s u b j e c t  of a 
companion paper  i n  t h e s e  Proceedings by t h i s -  
a u t h o r .  

Ice land  (See Table  4)  Only two u n i t s  are i n  
o p e r a t i o n ,  one a t  Kraf la  and one a t  t h e  d i s -  
t r i c t  h e a t i n g  p l a n t  a t  S v a r t s e n g i .  The 30 MW 
u n i t  a t  K r a f l a  i s  a double- f lash  p l a n t  t h a t  h a s  
experienced c o n s i d e r a b l e  d i f f i c u l t y  i n  main- 
t a i n i n g  an adequate  and s t a b l e  f low of  geo- 
f l u i d .  The a c t i v e  se i smic  n a t u r e  of t h e  f i e l d  
h a s  c o n t r i b u t e d  t o  t h e  o p e r a t i o n a l  problems. 
The p l a n t  can produce o n l y  a f r a c t i o n  o f  i t s  
r a t e d  c a p a c i t y .  Two 1 MW s t e a m  t u r b i n e s  a r e  
i n c o r p o r a t e d  i n t o  t h e  Sudurns d i s t r i c t  h e a t i n g  
p l a n t  a t  S v a r t s e n g i  near  Grindavik on t h e  
Reykjanes p e n i n s u l a  i n  southwestern I c e l a n d .  
The t u r b i n e s  r e c e i v e  a p o r t i o n  of  t h e  steam 
f l a s h e d  and s e p a r a t e d  from t h e  hot  geothermal  
w e l l s ,  t h e  bulk  of t h e  steam being suppl ied  t o  
a number o f  h e a t  exchangers  t o  r a i s e  t h e  
tempera ture  o f  w a t e r  from c o l d  w e l l s .  
power i s  used on s i t e  t o  run  pumps and o t h e r  
s t a t i o n  a u x i l i a r i e s .  

The 

I t a l y  (See Table  5) A l l  o f  I t a l y ' s  geothermal  
e l e c t r i c i t y  comes from d r y  s t e a m  r e s e r v o i r s  in 
t h r e e  r e g i o n s :  L a r d e r e l l o ,  T r a v a l e ,  and Monte 
Amiata. Cons iderable  e x p l o r a t i o n  i s  underway 
t o  l o c a t e  and d e f i n e  t h e  l iquid-dominated 
r e s e r v o i r s  t h a t  e x i s t  i n  t h e  count ry .  It i s  
e s t i m a t e d  t h a t  about  2000 MW may e v e n t u a l l y  
come from l iquid-dominated f i e l d s .  The b e s t  
areas l i e  on t h e  southwestern s i d e  o f  t h e  
I t a l i a n  p e n i n s u l a  and i n c l u d e  t h e  reg ions :  
Monti V o l s i n i ,  Monti C h i n i ,  Monti S a b a t i n i ,  
C o l l i  Albani ,  Roccamonfina, Campania West and 
Monte Vul ture .  

Japan (See Table  6) The f i r s t  geothermal  p l a n t  
i n  Japan was t h e  d r y  s t e a m  p l a n t  a t  Matsukawa. 
S i n c e  t h e n  s e v e r a l  p l a n t s  have been b u i l t  on 
l iquid-dominated r e s e r v o i r s ,  most of t h e s e  
be ing  o f  t h e  f lash-s team type .  Two e x p e r i -  
mental  b i n a r y  p l a n t s  were b u i l t ,  t e s t e d  and 
dismantled.  One of  t h e s e ,  a t  t h e  Otake f i e l d ,  
w a s  of t h e  "steam-assist" t y p e  t h a t  used an 
advanced, m u l t i s t a g e  f l a s h  h e a t e r  t o  g e n e r a t e  
s a t u r a t e d  i sobutane  vapor  f o r  use  i n  a r a d i a l -  
in f low t u r b i n e .  The waste h e a t  r e j e c t i o n  
system i n c o r p o r a t e d  a d r y  c o o l i n g  tower w i t h  a 
l i q u i d  a s s i s t .  
(Nigorikawa) on t h e  n o r t h e r n  i s l a n d  of 
Hokkaido employed r e f r i g e r a n t - 1 1 4  as  t h e  work- 
i n g  f l u i d ,  used an a x i a l  f low t u r b i n e ,  and more 
convent iona l  she l l -and- tube  h e a t  exchangers  a t  
both  t h e  h o t  and c o l d  s i d e s  o f  t h e  c y c l e .  The 
newest p l a n t  i n  Japan i s  a s m a l l  1 MW u n i t  t o  
supply t h e  needs of t h e  Suginoi  r e s o r t  h o t e l  
a t  Beppu on t h e  i s l a n d  of Kyushu. T h i s  i s  i n  
a world famous h o t  s p r i n g s  a r e a  t h a t  w a s  t h e  

The o t h e r  p l a n t  a t  Mori 

Table  3.  EL SALVADOR 

Year Type Rat ing ,  MW P l a n t  

Ahuachapsn 
Unit 1 
Unit 2 
Unit 3 

B e r i i n  

Chinameca 

Chip i lapa  

San Vicente  

1975 1-Flash  30 
1976 l -F lash  30 
1980 2-Flash 35 

Future  F lash  100 ( E s t .  

Fu ture  F l a s h  100 ( E s t .  

Fu ture  F lash  50 ( E s t .  

Fu ture  F l a s h  100  ( E s t .  

T o t a l ,  I n s t a l l e d  95 MW 

-~ Table 4. ICELAND 

P l a n t  __ Year Type Rat ing ,  MW 

NQmaf j a l l  1969 l - F l a s h  3* 

K r a f l a  
Unit 1 1978 2-Flash 30 
Unit 2 n i t u r e  2-Flash 30 

S v a r t s e n q i  1978 1-Flash 2 

*Dismantled a f t e r  ear thquake  damage. 
T o t a l ,  I n s t a l l e d  32 MW 

~- Table 5. ITALY 

P l a n t *  Year __ 
L a r d e r e l l o  

Unit 2 
Unit  3 1969 

Gabbro 1060 

Castelnuovo n .a .  

Ser razzano n . a .  

Lag0 2 n . a .  

Sasso  P isano  n .a .  

Monterotondo n . a .  

T r a v a l e  1973 

Piancas tagnaio  1969 

Others  (8 u n i t s )  - 

c.1946 

Rat ing,  MW 

69.0 
120.0 

15.0 

50.0 

47.0 

33.5 

15.7 

1 2 . 5  

15 .0  

15 .0  

27.9 

T o t a l ,  I n s t a l l e d  420.6 MW 

" A l l  p l a n t s  use  d r y  steam; t u r b i n e s  are 
e i t h e r  condensing o r  noncondensing. 
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s i t e  of ear l ies t  Japanese  a t t e m p t s  t o  h a r n e s s  
geothermal  energy i n  t h e  1 9 2 0 ' s .  Geothermal 
p l a n t s  i n  Japan must m e e t  v e r y  tough environ-  
mental  r e s t r i c t i o n s  owing t o  t h e i r  l o c a t i o n  i n  
s c e n i c  n a t i o n a l  parks .  

Mexico (See Table  7 )  F i f t e e n  y e a r s  a f t e r  t h e  
beginning o f  t h e  e x p l o r a t i o n  of  t h e  Cerro 
P r i e t o  f i e l d ,  t h e  f i r s t  power u n i t  s t a r t e d  
producing e l e c t r i c i t y .  Now t h e r e  a re  f o u r  
u n i t s  g e n e r a t i n g  150 MW i n  a v e r y  r e l i a b l e  
f a s h i o n ,  w i t h  a f i f t h  u n i t  of  30 MW under con- 
s t r u c t i o n .  This  w i l l  complete t h e  development 
o f  Cerro P r i e t o  I. A d d i t i o n a l  development w i l l  
n e c e s s i t a t e  t h e  c o n s t r u c t i 2 n  of a new p l a n t  
complex i n  a n c t h e r  p a r t  o f  t h e  f i e l d .  Some o f  
t h e  e l e c t r i c i t y  from t h e  p l a n t  i s  be ing  s o l d  
t o  t h e  U.S. f o r  use  i n  communities i n  southern  
C a l i f o r n i a .  

N e w  Zealand (See Table  8) Although N e w  
Zealand was t h e  f i r s t  c o u n t r y  t o  e x p l o i t  suc- 
c e s s f u l l y  l iquid-dominated r e s e r v o i r s ,  it h a s  
not  brought  a new u n i t  o n - l i n e  s i n c e  1963 when 
t h e  l a s t  u n i t  s t a r t e d  up a t  Wairakei. The i n -  
s t a l l e d  c a p a c i t y  there is  192.6  MW, b u t  it h a s  
never  reached t h a t  v a l u e .  Peak power w a s  173 
MW i n  1964-65; c u r r e n t l y  it produces about  
145  MW and it is  expected t o  g e n e r a t e  about  
125 MW i n d e f i n i t e l y .  A new p l a n t  named Ohaki 
a t  t h e  Broadland-Ohaki f i e l d  h a s  been i n  t h e  
planning s t a g e  f o r  a long  time b u t  v a r i o u s  
i n s t i t u t i o n a l  impediments have caused d e l a y s  i n  
i t s  implementat ion.  The pl.an i s  t o  c o n s t r u c t  
t w o  50 MW d o u b l e - f l a s h  u n i t s  a t  t h e  s i t e  w i t h  
an a d d i t i o n a l  50 MW p o s s i b l y  f o r  t h e  f u t u r e .  
It  appears  t h a t  1984 i s  t h e  most o p t i m i s t i c  
d a t e  f o r  i n a u g u r a t i o n  o f  t h e  f i r s t  u n i t .  

P h i l i p p i n e s  (See Table  9)  Geothermal develop- 
ment is proceeding f u l l  tilt i n  t h e  P h i l i p - -  
p ines .  Two sites,  Makiling-Banahaw and T i w i ,  
both on t h e  n o r t h e r n  i s l a n d  of  Luzon, are t h e  
l o c a t i o n s  of  l a r g e  power complexes. Already 
t w o  u n i t s  of 55 MW each are o p e r a t i n g  a t  b o t h  
o f  t h e s e  si tes.  [Personal  communication, 
D r .  L. Rivero . ]  The i n s t a l l e d  c a p a c i t y  a t  each 
p l a n t  i s  expected t o  double  by 1982. On t h e  
i s l a n d  o f  Leyte  a 3 MW wellhead u n i t  has  been 
running s i n c e  1977 t a k i n g  steam from one w e l l  
i n  t h e  Mahiao area. Three 37.5 MW are planned 
f o r  t h i s  s i t e .  Although double- f lash  u n i t s  
w i l l  b e  s p e c i f i e d ,  it i s  l i k e l y  t h a t  i n i t i a l l y  
t h e y  w i l l  be  opera ted  as s i n g l e - f l a s h  u n i t s  
owing t o  u n c e r t a i n t i e s  about  t h e  economics,and 
p o t e n t i a l  problems w i t h  s i l i c a  d e p o s i t i o n  i n  
t h e  waste  b r i n e .  

Table  6. JAPAN 

P l a n t  Year Type Rat ing,  MW 

-- 
- 

Mat sukawa 1966 Dry Steam 2 0  

Otake 1967 1-Flash  1 0  

Onuma 1973 1-Flash 10 

Onikobe 1975 1-Flash 2 5  

Hatchobaru 1977 2-Flash 50 

K a  kkond a 1978 1-Flash 50 

Otake P i l o t *  1978 Binary:  1 

Mori P i l o t *  1978 Binary:  1 

Suginoi  (Hote l )  1980 1-Flash  1 

i - C  H 
4 10 

R-114 

Nigorikawa 1981 1-Flash 50 

Kuz eneda F u t u r e  F l a s h  50 ( E s t . )  

Kumamoto Future  2-Flash 55 ( E s t . )  
T o t a l ,  I n s t a l l e d  166 MW 

*Tes ts  Complete; P l a n t s  Dismantled. 

P l a n t  

Cerro P r i e t o  
Unit 1 
Uni t  2 
Unit 3 
Unit 4 
Unit 5 

Cerro P r i e t o  

Table  7. 

Year - 
I 

1973 
1973 
1979 
1979 
1982 

I1 F u t u r e  
T o t a l ,  

MEXICO 

Type Rat ing,  MW - 

1-Flash 37.5 
1- F1 a s h  37.5 
1-Flash  37.5 
1-Flash 37.5 
2-Flash 30 .0  

F l a s h  110 ( E s t .  ) 
I n s t a l l e d  150 MW 

T a b l e  8. NEW ZEALAND 

P l a n t  - Year Type Rat ing ,  MW 

S t a t i o n  A 1958-1962 M u l t i f l a s h  102.6 
Wairakei  

S t a t i o n  B 1962-1963 2-Flash 90.0 

Kawerau 1961 1-Flash 1 0 . 0  

Ohaki ,1984 2-Flash 100.0 
T o t a 1 , I n s t a l l e d  202.6 MW 
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Table  9 .  PHILIPPINES 

P l a n t  Year ~ y p e  Rat ing ,  MW - 
Tongonan 

Wellhead Unit  1977 1-Flash 3 . 0  
Unit 1 1980 2-Flash 37.5 
Uni t  2 Future  2-Flash 37.5 
Unit 3 F u t u r e  2-Flash 37.5 

Wellhead Unit 1977 1-Flash  1 . 2  
Makban (Makiling Banahaw) 

Unit 1 1979 2-Flash 55.0 
Unit  2 1979 2-Flash 55.0 
Unit 3 1981 2-Flash 55.0 
Unit  4 1982 2-Flash 55.0 

T i w i  
Unit 1 1979 2-Flash 55.0 
Unit 2 1979 2-Flash 55.0 
Unit 3 1980 2-Flash 55.0 
Unit  4 1980 2-Flash 55.0 

Other  S i t e s  F u t u r e  F l a s h  775 
T o t a l ,  I n s t a l l e d  224.2 MW 

United S t a t e s  (See Table  10) The l a r g e s t  
geothermal  p o w e r  complex i n  t h e  world i s  a t  
The Geysers where t h r e e  u t i l i t i e s  are involved  
i n  s e v e r a l  p r o j e c t s .  The P a c i f i c  G a s  and 
E l e c t r i c  Company now o p e r a t e s  14 u n i t s  ( N o s .  1- 
1 3  and 1 5 ) ,  account ing f o r  798 MW. When u n i t  
14  comes on- l ine  l a t e r  i n  1980 t h e  t o t a l  w i l l  
r each  908 MW. Before t h e  end o f  1984 it i s  
planned t o  p u t  an a d d i t i o n a l  660 MW on- l ine .  
The Northern C a l i f o r n i a  Power Agency p l a n s  t o  
o p e r a t e  two u n i t s  a t  The Geysers. Unit  2 w i l l  
c o n s i s t  of  t w o  55 MW t u r b i n e s  i n  a s i n g l e  power 
house and i s  expected i n  1981. It w i l l  b e  
fol lowed i n  1983 by a 66 MW u n i t .  The 
Sacramento Municipal U t i l i t y  D i s t r i c t  i s  moving 
ahead w i t h  SMUDGEO no. 1, a 55 MW u n i t  sched- 
u l e d  f o r  commercial s t a r t - u p  i n  December 1983. 
I n  a d d i t i o n  t h e  C a l i f o r n i a  Div is ion  of Water 
Resources h a s  p l a n s  t o  b u i l d  two p l a n t s ,  each 
of 55 MW, a t  B o t t l e  Rock and South Geysers ,  
w i t h  expected s t a r t - u p  d a t e s  i n  1983. S t r i n -  
gent  a i r  p o l l u t i o n  r e g u l a t i o n s  make it nec- 
e s s a r y  t o  i n s t a l l  hydrogen s u l f i d e  abatement 
systems on a l l  p l a n t s .  Up-stream t r e a t m e n t  
w i l l  m o s t  l i k e l y  b e  r e q u i r e d  t o  avoid  a i r  
q u a l i t y  d e g r a d a t i o n  d u r i n g  out -of -serv ice  
p e r i o d s  when v e n t i n g  of steam t a k e s  place. 
R e i n j e c t i o n  o f  condensate  i s  s t a n d a r d  practice.  

P l a n t  

The  Geysers  
PG&E 1-12,15 
PG&E 13,14  
PG&E 16-21 
NCPA NO. 1 
NCPA NO. 2 
SMUDGEO 1 
B o t t l e  Rock 
South Geysers 

E a s t  Mesa - Maqmamw 

E a s t  Mesa - SDG&E 

Brawley - SCE 

Niland - SCE 

Niland - SDG&E 

H e b e r  - SCE 

Heber - SDG&E 

W e  s t m o r  1 and 

R a f t  River ,  Idaho 

Puna, H a w a i i  

Baca NO. 1, N e w  Mexico 

Roosevel t  H.S., U t a h  

Desert Peak, Nevada 

Table  10 .  UNITED STATES 

Year - 

1 9  60-19 79 
1980 

1983 
1981 
1983 
1983 
1983 

1980 

1982-1984 

1980,82 

1980 

1982 

1982 

1982 

F u t u r e  

F u t u r e  

1980 

1980 

1982 

F u t u r e  

F u t u r e  

Type 

Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 
Dry Steam 

Dual Binary:  
C3H8; i - C  H 

1- and 2-Flash 

1-Flash  

1-Flash 

4 10  

Rat ing,  MW 

663 
245 
660 

66 
110 

55 
55 
55 

1 1 . 2  

48 

1 0  

10 

F l a s h  50 

2 -Flash 50 

Binary:  50 
mixt. i-C5H12; i - C  H 4 1 0  

2-Flash 50 

D o u b l e  Binary:  i - C  H 5 

1-Flash 5 

1 -Flash 50 

F l a s h  55 

Flash  50 

4 1 0  

T o t a l ,  I n s t a l l e d  809.2 MW 

T o t a l ,  P r o j e c t e d  2353.2 MW 
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Although t h e  l iquid-dominated p o r t i o n  o f  t h e  
f i e l d  h a s  y e t  t o  be  d e f i n e d  o r  even charac-  
t e r i z e d ,  it i s  expected t h a t  about  700 MW could  
b e  g e n e r a t e d  from t h a t  par t  o f  the f i e l d  by 
1990. I n  t h i s  r e g a r d  it should b e  noted t h a t  
it t a k e s  about  8 kg/h (18 lbm/h) o f  d r y  steam 
t o  g e n e r a t e  1 kW of e l e c t r i c  power, about  one- 
q u a r t e r  of which ends up as condensa te  t o  be  
r e i n j e c t e d  (assuming a shel l -and-tube condenser  
i s  u s e d ) .  On t h e  o t h e r  hand a f lash-s team 
p l a n t  r e q u i r e s  about  4 5  kg/h (100 lbm/h) o f  
g e o f l u i d  p e r  1 kW o f  power, o f  which about  87% 
must be  r e i n j e c t e d .  Thus, t o  g e n e r a t e  t h e  same 
power, a f l a s h  p l a n t  must r e i n j e c t  almost 20 
t i m e s  more l i q u i d  t h a n  a d r y  steam p l a n t .  

From Table  10  it can be  seen t h a t  a v a r i e t y  of  
p r o j e c t s  are  under way i n  t h e  Imperial Val ley  
of southern  C a l i f o r n i a ,  which accord ing  t o  some 
estimates holds  t h e  p o t e n t i a l  f o r  about  9000 
MW. Resources i n  a t  least  f i v e  o t h e r  s ta tes  
are expected t o  b e  e x p l o i t e d  f o r  power i n  t h e  
n e a r  f u t u r e .  

Other C o u n t r i e s  (See Table  11) Of t h e  coun- 
t r ies  l i s t e d  o n l y  t h e  S o v i e t  Union h a s  a p l a n t  
o f  any s i z e  ( 5  MW) i n  o p e r a t i o n .  Indones ia  i s  
beginning t o  develop  i t s  g i g a n t i c  geothermal  
p o t e n t i a l  by means o f  s m a l l  wel lhead u n i t s .  

Turkey h a s  a t i n y  wel lhead g e n e r a t o r  a t  
K i z i l d e r e , b u t  severe s c a l i n g  has  p r o h i b i t e d  any 
f u r t h e r  development t h e r e .  The Olkar ia  f i e l d  
i n  t h e  R i f t  Val ley  of  Kenya i n  east A f r i c a  
seems t o  be  a good prospect, and p l a n s  are mov- 
i n g  ahead f o r  t h e  Kenya Electr ic  Power 
Corporat ion t o  b u i l d  a 15 MW p l a n t .  A " t o t a l  
energy" system i s  planned f o r  t h e  Portuguese 
i s l a n d  o f  Sso Miguel i n  t h e  Azores. The geo- 
thermal  energy w i t h  which t h e  i s l a n d  abounds 
w i l l  b e  p u t  t o  u s e  t o  g e n e r a t e  power ( 3  MW), 
provide  h e a t i n g  and r e f r i g e r a t i o n ,  as w e l l  as 
f o r  a g r i c u l t u r a l ,  h o r t i c u l t u r a l  and 
a q u a c u l t u r a l  uses .  

Table  11. OTHER COUNTRIES 

Country P l a n t  - Year Rat ing ,  MW 

C h i l e  E l  Tatio F u t u r e  15 

Costa  R i c a  M i r a v a l l e s  F u t u r e  40  ( E s t . )  

Guatemala AmatitlAn F u t u r e  50 ( E s t .  ) 

Honduras Pavana F u t u r e  50 ( E s t .  ) 

Indones ia  Kamojang 1978 0.25 
Kamojang Future  100 ( E s t . )  
Dierig 1980 2 

Kenya O l k a r i a  1982 1 5  
O l k a r i a  Future  30 ( E s t . )  

Nicaragua Momcitombo Future  30 ( E s t .  ) 

Panama Cerr-o Pando Future  30 ( E s t . )  

P o r t u g a l  
(Azores) Siio Miguel 1980 3 . 0  

Turkey K i z i l d e r e  F u t u r e  1 4  ( E s t . )  

USSR Pauz h e t k a  1967 5 
Other  S i t e s  F u t u r e  78 ( E s t . )  

Acknowledgements- 
p o r t e d  i n  t h i s  paper  w a s  a c q u i r e d  d u r i n g  t h e  

Much o f  t h e  informat ion  re- 

w r i t i n g  o f  Geothermal Energy as a Source o f  
E l e c t r i c i t v :  A Worldwide Survev of  t h e  Desian 
and Operat ion of Geothermal Power P l a n t s  by t h e  
a u t h o r .  This  was part o f  an e f f o r t  suppor ted  
by t h e  U.S. Dept. of Energy, Div. of Geothermal 
Energy, C.B.  McFarland, Chief - Hydrothermal 
Technology, th rough Cont rac t  EY-76-S-02-4051.A 
002 t o  Brown U n i v e r s i t y ,  J.  K e s t i n ,  P r i n c i p a l  
I n v e s t i g a t o r .  Copies o f  t h e  above-mentioned 
book may b e  o b t a i n e d  by w r i t i n g  t o  t h e  au thor .  
They w i l l  be  d i s t r i b u t e d ,  f ree-of-charge,  
beginning  mid-1980 as l o n g  as t h e  supply  lasts.  
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APPENDIX A 

EPRI GEOTHERMAL RESEARCH AND DEVELOPMENT PROJECTS 



RESEARCH AND DEVELOPMENT PROJECTS 

Advanced Power Systems Division 
Renewable Resources Systems Department 

March 21, 1980 

GEOTHERMAL 

+RP375 - Geothermal Exploration Methods and Techniques: Contractor: University of Texas, Dallas. 
Final Report No. ER680 (Project No. RP375), February 1978. 

+RP376 - Test and Evaluation of a Geothermal Heat Exchanger: Contractor: San Diego Gas & Electric 
Company. Final Report No. EPRI376 , November 1975. 

+RP556 - Environmental Baseline Data Acquisition - Heber: Contractor: San Diego Gas & Electric 
Company. Final Report No. ER352, February 1977. 

+RP580 - Low Salinity Hydrothermal Demonstration Plant: Contractors: Holt/Procon and San Diego 
Gas & Electric Company. Final Report No. ERl099 (Project No. RP580-21, June 1979. 

RP653 - Brine Chemistry and Combined Heat/Mass Transfer: The objective is to develop an analyti- 

in geothermal power systems. First-phase work included the development of a methodology for cal- 
culating the equilibrium brine chemistry, laboratory experiments on the kinetics of scaling, and 
power plant modeling. Battelle Pacific Northwest Laboratories is the contractor. Interim Report 
No. ER635 (Project No. RP653-1), Vols. I and 11, January 1978. The second phase incorporated a 
scaling kinetic model and a capability to calculate scale deposition in geothermal flow streams. 
The codes are now being applied to case studies of facilities planned or operated at various geo- 
thermal reservoirs. 

cal capability to predict precipitation of solids and scale formation by geothermal brines 

RP741 - Mobile Geothermal Fluids, Materials, and Components Test Laboratory: The objectives of 

critical components; and (2) to develop detailed knowledge of geothermal fluid characteristics for 
a better understanding of site-to-site variability. The mobile laboratory facility design is com- 
plete. The chemical analysis trailer is ready for operation. Rockwell International Corp. is the 
contractor. 

this 3-year research project are: (1) to support field testing of geothermal fluids and 

+Re791 - Study of Brine Treatment: Contractor: Lawrence Berkeley Laboratory. Final Report No. 
ER476 (Project No. RP791), November 1977. 

+RP846 - Geothermal Heat Exchanger Test: Contractor: The Ben Holt Company. Final Report No. 
E-72 (Project No. RP846-11, Auqust 1978. 

+RP927 - Waste Heat Rejection from Geothermal Power Plants: Contractor: R. W. Beck. Final Report 
No. EFU.216 (Project No. RP927-11, October 1979. 

+RP928 - Hydrocarbon Expander Turbine Design: Contractors: Elliott Company, Rotoflow Corporation, 

Report No. ER1034 (Project No. RP928-4), March 1979. 

RP929 - Geothermal Reservoir Assessment Techniques: The objective of this study is to develop 

system design. The results are expected to include: (1) benchmark process data; (2) comparison 
of heat transfer, scaling, and corrosion performance; (3) collection of additional scale and 
corrosion data for use in brine chemistry techniques for predicting scale and corrosion formation; 
(4) materials performance data associated with chemical cleaning of heat exchanger modules; and 
(5) performance of three candidate hydrocarbon working fluids. This project is funded by EPRI and 
DOE, with Lawrence Berkeley laboratory acting for DOE. Colley Engineering E, Constructors, Inc., 
is’ the contractor. 

and C.F. Braun & Co. Final Report No. ER513 (Project No. RP928-l), May 1979; and Final 

experience with small-scale heat exchanger modules designed to simulate typical power 

+ denotes that the project is completed. 
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RP1195 - Assessment of Critical Geothermal Technical Issues: The goal is to establish a data 
base useful for predicting geothermal power plant design, operation, and interaction 

characteristics. Data will be gathered from four sources: (1) the Cerro Prieto flashed steam 
power plant operating data; (2) Magma Power Company's proposed 11.2 MWe binary cycle experimental 
plant; ( 3 )  experimental data on mineral and construction material solution in geothermal brines 
and their chemical kinetics; and (4) plant performance effects of adding acid to geothermal brines. 
The contractors are: Stanford University; Systems, Science and Software; PFR Engineering Systems, 
Inc.; Arizona Public Service Co.; and Colley Engineers. 

RP1196 - Field Evaluation of Rotary Phase-Separator Turbine: The objective of this project is to 
evaluate the performance and assess the potential of separated phase, "total flow" power 

conversion processes for generating electricity from water-dominated geothermal resources. It 
involves the design and testing of a bench model hydraulic turbine subsystem, fitted to a rotary 
steam separator to form a flash/separator/turbine system. Biphase Energy System is the contractor 
and cosponsor. 

Re1197 - Upstream Removal of Hydrogen Sulfide (H~s) from Geothermal Steam: The objective of this 
project is to assess the design criteria, cost, operational factors, and removal effici- 

ency of two methods for upstream removal of H2S from geothermal steam - a copper sulfate scrubbing 
process and a heat exchanger process. The heat exchanger process is being tested at The Geysers 
through a cooperative effort with Pacific Gas and Electric Company. The contractors are EIC 
Corporation (copper sulfate method) and Coury and Associates (heat exchanger method). 

RP1272 - Assessment of Economics and Technologies for Geopressure Energy Extraction: The goal of 
this project is to identify the most credible estimate of geopressure resources, includ- 

ing thermal, geohydraulic pressure, and methane. Other objectives are to identify the technical 
requirements for energy extraction and power conversion and to assess the adequacy of current tech- 
nology, and to analyze the economics associated with geopressure development. The Southwest Re- 
search Institute is the contractor. 

! 5; 

*RP1525 - Control of Scaling in Geothermal Power Systems: In the assessments made by this project 

will be analyzed and compared: use of chemical additives to inhibit scale formation; chemical and 
mechanical removal of scale; and stimulated precipitation with solids removal. At least one con- 
cept for scale control will be developed in this project, with the objective of reducing by 50 
percent the outage rate due to scale accumulation. 

*RP1671 - Geopressure Energy Conversion - Preferred Systems: 

gration with the existing electricity supply. 

RP1672 - Geothermal Fluid Process Technology: The objective of this project is to evaluate dif- 

tion of operating conditions. Bechtel National Inc. is the contractor. 

*Rp1673 - Geothermal Technology and Economic Assessment of Advanced Power Generation: 

2000 of geothermal utilization. 
formance and cost of emerging technologies, analyzing growth trends, and estimating market 
penetration. 

*RP1900 - Binary Cycle Demonstration Power Plant: 

nology for development of moderate temperature hydrothermal resources. 
achieved by designing, constructing, and operating a 45 MWe (net) binary cycle power plant at a 
geothermal reservoir near Heber, California. The project is to be funded by DOE, EPRI, San Diego 
Gas & Electric Company, and other utilities. 

of current scale control methods for geothermal applications, the following approaches 

The objective of this project is to 
evaluate system concepts for geopressure energy recovery, power plant design, and inte- 

ferent steam separator designs to determine the optimum separator application as a func- 

The objec- 
tive of this project is to estimate the growth rate and market penetration to the year 

This work involves economic modeling, assessing the probable per- 

The objective is to demonstrate the technical 
maturity and the economic and environmental superiority of binary cycle conversion tech- 

The objective is to be 

* denotes that a contract is not yet signed 
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