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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  

SALTON SEA I / 

1. 
-GEOTH€RMAL 

TEST FACILITY 

BRAWLEY 
A N O M A L Y  

9 WESTMORELANO 

-c m 

I \  EAST MESA 
A N O M A L Y  

_______- --- 
--_---- 

MEXICO - _-- 

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 

The Imper i a l  
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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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