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ABSTRACT 

The Heber Geothermal Demonstrat ion Power P l a n t  P r o j e c t  was undertaken by t h e  

E l e c t r i c  Power Research I n s t i t u t e ,  San Diego Gas and E l e c t r i c  Company and o the rs  

i n  o rde r  t o  a c c e l e r a t e  geothermal development f o r  power genera t ion ,  and t o  estab- 

l i s h  t h e  b i n a r y  c y c l e  technology as a proven a l t e r n a t i v e  t o  t h e  f l a s h e d  steam 

c y c l e  f o r  moderate temperature hydrothermal r e s e r v o i r s .  The b i n a r y  power p l a n t  

would be a 45 MW n e t  e l e c t r i c a l  f a c i l i t y  d e r i v i n g  energy f rom t h e  low s a l i n i t y  

(14,000 ppm), moderate temperature (36OoF, 182OC) Heber r e s e r v o i r  i n  Southern 

Ca7 i f o r n i a .  

The r e p o r t  descr ibes  t h e  op t im ized  b a s e l i n e  design e s t a b l i s h e d  f o r  t h e  power 

p l a n t ,  and documents t h e  des ign  and o p t i m i z a t i o n  work t h a t  formed t h e  b a s i s  f o r  

t h e  b a s e l i n e  design. 

11, P r e l i m i n a r y  Design, and p rov ides  a base from which d e t a i l e d  p l a n t  des ign  

c o u l d  be cont inued. Re la ted  p r o j e c t  a c t i v i t i e s  i n  t h e  areas o f  l i c e n s i n g ,  env i -  

ronmental ,  c o s t  and schedule a re  a l s o  descr ibed.  

The r e p o r t  a l s o  records  t h e  work accomplished d u r i n g  Phase 

The approach used t o  e s t a b l i s h  t h e  Phase I 1  op t im ized  b a s e l i n e  des ign  was t o  

1) rev iew  t h e  E P R I  Phase I conceptual  des ign  and f e a s i b i l i t y  s t u d i e s ,  2) i d e n t i f y  

c u r r e n t  des ign  c r i t e r i a  and s t a t e - o f - t h e - a r t  technology, and 3) develop a p r e l i m -  

i n a r y  des ign  op t im ized  t o  t h e  Heber s i t e  based on u t i l i t y  standards.  

The r e p o r t  shows t h a t  s t a t e - o f - t h e - a r t  technology can be adapted t o  t h e  des ign  o f  

t h i s  t ype  o f  power p l a n t ,  w i t h  a good p r o b a b i l i t y  o f  success fu l  demonst ra t ion  o f  

commercial readiness. 
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- 



EPRI PERSPECTIVE 

PROJECT DESCRIPTION 

The r e s u l t s  o f  t h e  eng ineer ing  and design e f f o r t  f o r  a geothermal demonstrat ion 

p l a n t  a r e  c o n t a i n e d  i n  t h e  f i n a l  r e p o r t  o f  Research P r o j e c t  580-2. The r e s u l t s  

r e p o r t e d  a r e  f r o m  t h e  second phase o f  a mul t i -phase,  m u l t i - p a r t i c i p a n t  p r o j e c t  which 

was t o  i n c l u d e  system d e f i n i t i o n ,  subsystem o p t i m i z a t i o n ,  design, c o n s t r u c t i o n ,  and 

demonstrat ion of  a 4 5  MW ( e )  n e t  b i n a r y  c y c l e  power p l a n t .  The demonstrat ion p l a n t  

was t o  be s p e c i f i c a l l y  o p t i m i z e d  and designed f o r  use w i t h  a l ow  s a l i n i t y  moderate 

temperature hydrothermal resource near Heber, C a l i f o r n i a .  I n  mid-1978 i t  became 

c l e a r  t h a t  funding would n o t  be adequate t o  complete t h e  p r o j e c t ,  and t h e  p r o j e c t  

was t e r m i n a t e d  on November 30, 1978. 

f u t u r e  use and re fe rence .  

T h i s  r e p o r t  preserves t h e  p r o j e c t  r e s u l t s  f o r  

PROJECT OBJECTIVES 

The broad o b j e c t i v e  o f  t h e  p r o j e c t  was t o  a c c e l e r a t e  geothermal development f o r  

e l e c t r i c i t y  genera t i on  by  demonstrat ing t h e  p r a c t i c a l  use o f  b i n a r y  c y c l e  technology 

f o r  t h e  commercial development o f  low s a l i n i t y  moderate temperature geothermal/  

hydrothermal resources.  T h i s  would p rov ide  a c o s t - e f f e c t i v e  a l t e r n a t i v e  t o  d i r e c t  

f l a s h  systems i n  t h e  lower  temperature range. The o b j e c t i v e s  o f  t h i s  phase were t o  

complete t h e  eng ineer ing  s tud ies ,  a l a r g e  p a r t  o f  t h e  des ign ,  a n d  procurement 

s p e c i f i c a t i o n s  f o r  l o n g  l e a d  i tems.  

PROJECT RESULTS 

Refinement o f  t h e  o p t i m i z a t i o n  s t u d i e s  recon f i rmed  t h a t  t h e  b i n a r y  c y c l e  i s  t h e  

b e s t  cho ice  f o r  t h e  demonstrat ion p l a n t  a t  Heber. A n a l y s i s  showed t h a t  a b i n a r y  

c y c l e  p l a n t  can be designed f o r  t h e  Heber geothermal r e s e r v o i r  t o  y i e l d  10 t o  15 

pe rcen t  h i g h e r  p l a n t  e f f i c i e n c y  than d i r e c t  f l a s h .  T h i s  advantage a lone makes t h e  

b i n a r y  c y c l e  a v i a b l e  o p t i o n  i n  terms o f  l ower  busbar e l e c t r i c i t y  c o s t ;  however, a 

second impor tan t  advantage a l s o  c o n t r i b u t e d  t o  i t s  s e l e c t i o n .  The b i n a r y  c y c l e  

r e q u i r e s  about 28 pe rcen t  l e s s  geothermal f l u i d  than  d i r e c t  f l a s h ,  and more energy 

p e r  u n i t  o f  b r i n e  mass f l o w  i s  a v a i l a b l e  f o r  convers ion t o  e l e c t r i c i t y .  

charge and busbar energy c o s t  r e s u l t .  

Lower f u e l  

A1 though o t h e r  moderate temperature r e s e r v o i r  crrs 
V 



c o n d i t i o n s  a re  l i k e l y  t o  be d i f f e r e n t  f rom those a t  Heber, s i m i l a r  advantages f o r  

t h e  b i n a r y  c y c l e  a r e  expected. 

The resource company proposed two b r i n e  p r o d u c t i o n  op t i ons ,  each o f  which would 

r e s u l t  i n  d i f f e r e n t  b r i n e  c o n d i t i o n s  a t  t h e  p l a n t  i n t e r f a c e  which i n  t u r n  would 

impact power p l a n t  design. 

two-phase f l o w  would have an economic advantage ove r  pumped single-phase f l o w  and 

m igh t  a f f e c t  t h e  cho ice  o f  t h e  b i n a r y  c y c l e .  

pumped o p t i o n  was se lec ted .  The main disadvantage o f  t h e  spontaneous f l o w  o p t i o n  

was t h a t  t h e  r e s u l t a n t  decrease i n  temperature and pressure o f  t h e  b r i n e  e n t e r i n g  

t h e  p l a n t  reduced p l a n t  performance. 

I t  was p o s t u l a t e d  t h a t  b r i n e  p r o d u c t i o n  by spontaneous 

T h i s  was n o t  t h e  case, and t h e  

The concept o f  t a i l o r i n g  b i n a r y  c y c l e  work ing f l u i d s  by m i x i n g  hydrocarbons t o  

o p t i m i z e  c y c l e  performance con t inues  t o  appear v a l i d .  

c o n d i t i o n s  a t  Heber was a m i x t u r e  o f  90 pe rcen t  isobutane and 10 pe rcen t  isopentane. 

One disadvantage o f  t h e  hydrocarbon m i x t u r e s  i s  t h a t  t h e  v a p o r i z a t i o n  and condensa- 

t i o n  l i n e s  a r e  n o t  u n i q u e l y  de f i ned .  However, p roper  s e l e c t i o n  o f  t h e  work ing 

f l u i d  c y c l e  should a v o i d  p o t e n t i a l  problems i n  t h i s  area.  

The optimum cho ice  f o r  t h e  

The c o s t  o f  power f rom t h e  p l a n t  was es t ima ted  t o  be 45 mils/kWh i n  cons tan t  1977 

d o l l a r s .  

c o n t r i b u t e  1 5  and 23 pe rcen t  r e s p e c t i v e l y .  

i n v e s t i g a t o r s  was $860/kW i n s t a l l e d  i n  1977, based on 45 MW (e )  n e t .  The i n s t a l l e d  

c o s t  i s  somewhat d i s t o r t e d  by  use o f  45  MW ( e )  i n  t h e  computat ion.  

Energy c o n t r i b u t e s  62 pe rcen t  o f  t h e  c o s t  and O&M and c a p i t a l  investment  

The c a p i t a l  c o s t  r e p o r t e d  by t h e  

A c t u a l l y ,  t h e  

p l a n t  would d e l i v e r  45  MW (e )  t o  t h e  g r i d  and 5 MW (e )  t o  t h e  f i e l d  o p e r a t o r  f o r  

which c r e d i t  would be rece ived .  

50 MW (e )  c a p a c i t y ,  i n  which case t h e  i n s t a l l e d  c o s t  i s  $774/kW. 

Thus, t h e  p l a n t  c o u l d  be viewed as hav ing  a 

The County o f  I m p e r i a l  i ssued  an env i ronmenta l  impact r e p o r t  f o r  t h e  p l a n t  i n  

December 1977. There were no o v e r r i d i n g  c o n s i d e r a t i o n s  t h a t  would p r o h i b i t  o r  de lay  

c o n s t r u c t i o n  o f  t h e  demonstrat ion p l a n t .  Agreements f o r  heat  purchase, power sa les,  

and c o o l i n g  water  purchase were developed i n  p r i n c i p l e ,  b u t  were n o t  a c t u a l l y  s igned 

i n t o  c o n t r a c t .  

The b i n a r y  c y c l e  i s  expected t o  be t h e  p r imary  o p t i o n  f o r  geothermal development f o r  

many u t i l i t i e s .  The r e s u l t s  f rom t h i s  p r o j e c t  w i l l  be u s e f u l  i n  comparat ive 

analyses and i n  choosing t h e  technology o p t i o n  b e s t  s u i t e d  t o  t h e  geothermal resource 

and t o  i n d i v i d u a l  u t i l i t y  needs c o n s i s t e n t  w i t h  lowest  c o s t  o f  power. The r e p o r t  

v i  



provides insight  in to  the binary cycle plant design decision process t h a t  will be 

helpful t o  o thers  designing similar plants  in the fu ture .  I n  addi t ion,  i f  the need 
and p r i o r i t y  remain h i g h  f o r  a commercial scale demonstration p lan t ,  the r e su l t s  can 

be used a s  a basis  fo r  res t ructur ing a project  t o  meet these object ives .  

cs 

Vase1 W .  Roberts, Program Manager 
Fossil Fuel and Advanced Systems Division 
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SUMMARY 

The E l e c t r i c  Power Research I n s t i t u t e  ( E P R I ) ,  t oge the r  w i t h  San Diego Gas and 

E l e c t r i c  Company, severa l  o t h e r  u t i l i t i e s  and s t a t e  government agencies j o i n e d  i n  

a common o b j e c t i v e  t o  c o n s t r u c t ,  operate,  and eva lua te  a 45 megawatt n e t  c a p a c i t y  

b i n a r y  c y c l e  geothermal demonst ra t ion  power p l a n t .  

l o c a t e d  s i x  m i l e s  south  o f  E l  Centro i n  t h e  I m p e r i a l  V a l l e y  o f  Southern C a l i f o r n i a  

on t h e  Heber hydrothermal r e s e r v o i r .  The p r o j e c t  i s  i d e n t i f i e d  as t h e  Heber 

Geothermal Demonstrat ion Power P lan t .  

The s e l e c t e d  p l a n t  s i t e  i s  

Commitment t o  t h e  p r o j e c t  r e s u l t e d  f rom p recu rso ry  s t u d i e s  t h a t  eva lua ted  t h e  

importance o f  moderate temperature geothermal resources and b i n a r y  technology, as 

w e l l  as t h e  comparat ive economics o f  o t h e r  more proven techno log ies ,  such as t h e  

d i r e c t  f l a s h  cyc le .  These s t u d i e s  were performed f o r  E P R I  by Hol t /Procon, under 

Phase I o f  t h e  p r o j e c t ,  and were completed i n  1976. Study r e s u l t s  supported t h e  

conc lus ion  t h a t  t h e  b i n a r y  cyc le ,  u s i n g  a s a t u r a t e d  hydrocarbon as t h e  work ing  

f l u i d ,  has s i g n i f i c a n t  p o t e n t i a l  f o r  genera t i ng  e l e c t r i c  power a t  a c o s t  t h a t  i s  

lower  than  d i r e c t  f l a s h  when opera ted  on r e s e r v o i r s  i n  t h e  low t o  moderate tempera- 

t u r e  range. Since approx imate ly  80 pe rcen t  o f  t h e  known hydrothermal f i e l d s  i n  

t h e  U.S. a re  i n  t h e  moderate temperature range, hav ing  temperatures between 300'F 
(149'C) and 41OoF (210°C), t h e  b i n a r y  c y c l e  o f f e r s  major near te rm p o t e n t i a l  i n  

t h e  development o f  geothermal power. 

The b i n a r y  c y c l e  i s  a process i n  which heat  i s  t r a n s f e r r e d  from t h e  geothermal 

b r i n e  t o  a secondary work ing  f l u i d  which i s ,  i n  t u r n ,  vapor ized  and used t o  d r i v e  

a t u r b i n e  genera tor .  The work ing  f l u i d ,  upon l e a v i n g  t h e  t u r b i n e ,  i s  condensed 

and used over  and over  i n  a c losed  loop.  

process i n  which a p o r t i o n  o f  t h e  geothermal b r i n e  i s  caused t o  f l a s h  i n t o  steam 

i n  f l a s h  vessels.  The f l a s h e d  steam i s  used t o  d r i v e  a t u r b i n e  genera tor .  

The d i r e c t  f l a s h  c y c l e  r e f e r s  t o  a 

The b i n a r y  c y c l e  employs technology w e l l  e s t a b l i s h e d  i n  t h e  process i n d u s t r y  and 

thus  r e q u i r e s  no t e c h n i c a l  b reak through i n  i t s  a p p l i c a t i o n  t o  geothermal power 



genera t ion .  

t i o n  i s  t h a t  i t  has n o t  been demonstrated i n  commercial s i z e  u n i t s .  

The o n l y  impediment t o  i t s  commercial use f o r  e l e c t r i c  power genera- 

The p r imary  o b j e c t i v e s  o f  t h e  Heber p r o j e c t  a re  t o  acce le ra te  geothermal develop- 

ment f o r  power genera t i on  i n  t h e  U . S . ,  and t o  e s t a b l i s h  t h e  b i n a r y  c y c l e  as a 

proven a l t e r n a t i v e  t o  t h e  f l a s h e d  steam cyc le .  

E x e c u t i o n ' o f  t h e  p r o j e c t  was organ ized i n t o  s i x  phases as fo l l ows :  

PHASE I - Conceptual Design and F e a s i b i l i t y  S tud ies  

PHASE I 1  - P r e l i m i n a r y  Eng ineer ing  and Design 

PHASE I11 - D e t a i l e d  Design and Procurement 

PHASE I V  - Cons t ruc t i on  and Mechanical Completion 

ng 
Eva1 u a t i o n  

PHASE V - S ta r t -up  and I n i t i a l  Tes t  

PHASE V I  - Opera t ion  and Performance 

T h i s  r e p o r t  p rov ides  a summary o f  t h e  p r e l i m  nary  des ign  work accomplished d u r i n g  

Phase I 1  by F l u o r  Engineers and Const ruc tors ,  I n c . ,  (F luo r )  under c o n t r a c t  t o  

SDG&E and The Ben H o l t  Company under subcon t rac t  t o  F luo r .  

The o b j e c t i v e  o f  Phase I 1  was t o  develop a p r e l i m i n a r y  power p l a n t  design o p t i -  

mized f o r  o p e r a t i o n  on t h e  Heber hydrothermal f i e l d  u s i n g  t h e  Phase I study  as 

t h e  p o i n t  o f  depar tu re .  The scope o f  work inc luded:  

0 Review and e v a l u a t i o n  o f  t h e  Phase I stud ies  

0 Development o f  des ign  c r i t e r i a  

0 O p t i m i z a t i o n  and f i n a l  de te rm ina t ion  o f  c r i t i c a l  process v a r i a b l e s  and 

p l a n t  des ign  fea tu res  

0 Development o f  a b a s e l i n e  des ign  op t im ized  f o r  t h e  Heber s i t e  

0 Development o f  p r o j e c t  execu t ion  c o n t r o l s ,  budgets, schedules, and 

procedures 
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Th is  work has been completed, a l t hough  n o t  i n  a l l  cases, t o  t h e  depth o f  d e t a i l  

p lanned a t  t h e  o u t s e t  due t o  p r o j e c t  f und ing  u n c e r t a i n t i e s .  Because o f  t h e  

economic r i s k s  assoc ia ted  w i t h  t h i s  f i r s t  o f  a k i n d  p l a n t ,  f i n a n c i n g  o f  t h e  

p r o j e c t  was s t r u c t u r e d  f o r  50 pe rcen t  f und ing  by t h e  U.S. Department o f  Energy 

(DOE). 

r i s k  h ighe r  temperature d i r e c t  f l a s h  power p l a n t  and would n o t  suppor t  t h e  Heber 

b i n a r y  p l a n t  as had been a n t i c i p a t e d .  

i n  l a t e  1978 t h e  d e c i s i o n  was made by t h e  p a r t i c i p a n t s  t o  te rm ina te  t h e  p r o j e c t .  

I n  J u l y  o f  1978, i t  was learned t h a t  DOE had e l e c t e d  t o  co-fund a lower  

A l t e r n a t e  fund ing  c o u l d  n o t  be secured and 

CRITERIA DEVELOPMENT AND OPTIMIZATION STUDIES 

I t  was agreed a t  t h e  beg inn ing  o f  Phase I 1  t h a t  t h e  Phase I E P R I  sponsored s t u d i e s  

would be used as t h e  p o i n t  o f  des ign  depar tu re  f o r  t h e  power p l a n t .  

t h i s  work was undertaken by F luo r .  

a re  as f o l l o w s :  

A rev iew o f  

Major conc lus ions  from t h e  b a s e l i n e  reviews 

0 The thermodynamic base was v a l i d  b u t  n o t  optimum. 

0 Power c y c l e  process and equipment e f f i c i e n c i e s  were cons idered t o  be 

o p t  i m i  s t  i c . 

0 The power c y c l e  system des ign  developed f o r  t h e  Phase I conceptual  

des ign  was v a l i d  b u t  r e q u i r e d  o p t i m i z a t i o n  t o  meet c u r r e n t  SDG&E p r o j e c t  

g u i d e l i n e s  and c r i t e r i a ,  and energy supp ly  cos ts  and c r i t e r i a  estab- 

l i s h e d  by Chevron Resources Company. 

e A d d i t i o n a l  work was needed t o  i d e n t i f y  and reduce c r i t i c a l  system 

pressure  losses ,  improve equipment arrangements and lower  t h e  t u r b i n e  

deck h e i g h t .  

B i n a r y  Cycle Se lec t i on :  

hydrocarbon b i n a r y  c y c l e  as t h e  p r e f e r r e d  convers ion  c y c l e  f o r  t h e  Heber p l a n t .  

However, based on t h e  F l u o r  rev iew  o f  t h i s  work, changes i n  energy supply eco- 

nomics, and o t h e r  changes i n  des ign  c r i t e r i a ,  i t  was decided t o  reeva lua te  and 

c o n f i r m  t h e  b i n a r y  c y c l e  s e l e c t i o n .  

The Phase I s t u d i e s  r e s u l t e d  i n  t h e  s e l e c t i o n  o f  t h e  

Three b i n a r y  and two d i r e c t  f l a s h  steam c y c l e  cases were s t u d i e d  as f o l l o w s :  

s- 3 



0 B i n a r y  Cycles 

Case I - Single-phase b r i n e  supply w i t h  15OOF (66OC) b r i n e  r e t u r n  

temperature ( E P R I  Phase I Design) 

Case I 1  - Two-phase b r i n e  supp ly  w i t h  15OoF (66OC) b r i n e  r e t u r n  

temperature 

Case I11 - Two-phase b r i n e  supp ly  w i t h  2 O O O F  (93OC) b r i n e  r e t u r n  

temperature 

0 D i r e c t  F lash  Steam Cycles 

Case I V  - GE t u r b i n e  and f r e e  f l o w i n g  two-phase b r i n e  supp ly  w i t h  

2 O O O F  (93OC) b r i n e  r e t u r n  temperature 

Case V - E l l i o t t  t u r b i n e  and f r e e  f l o w i n g  two-phase b r i n e  supply 

w i t h  2OOOF (93OC) b r i n e  r e t u r n  temperature 

Two d i r e c t  f l a s h  cases were i n v e s t i g a t e d  as a r e s u l t  o f  a s i g n i f i c a n t  d i f f e r e n c e  

i n  t h e  i n d i c a t e d  c a p i t a l  c o s t  and e f f i c i e n c y  between two p o t e n t i a l  t u r b i n e  genera- 

t o r  suppl i ers .  

From t h e  s tudy ,  B i n a r y  Case 111 was determined t o  produce t h e  lowest  n e t  power 

cos t .  

were i d e n t i f i e d  which tended t o  reduce much o f  t h e  power c o s t  d i f f e r e n t i a l  f avo r -  

i n g  t h e  two phase b r i n e  supp ly  b i n a r y  cases. 

b i n a r y  c y c l e  remained v a l i d .  A lso ,  w h i l e  t h e  c y c l e  thermal e f f i c i e n c y  f o r  b o t h  

c y c l e s  i s  n e a r l y  t h e  same, t h e  d i r e c t  f l a s h  c y c l e  r e q u i r e s  approx imate ly  38 pe rcen t  

more b r i n e  f l ow .  Th is  r e s u l t s  f rom t h e  need ( f o r  process reasons) t o  r e t u r n  t h e  

b r i n e  a t  a temperature approx imate ly  50F0 (28CO) h ighe r  than  w i t h  t h e  b i n a r y  

c y c l e .  

Subsequent t o  t h e  comple t ion  o f  t h i s  work, r e v i s e d  energy supp ly  g u i d e l i n e s  

However, t h e  s e l e c t i o n  o f  t h e  

Working F l u i d  Se lec t i on :  

a l t e r n a t i v e s  as t h e  p r e f e r r e d  work ing  f l u i d  f o r  t h e  Heber p l a n t  d u r i n g  t h e  Phase I 

stud ies .  

The work ing  f l u i d s  eva lua ted  were carbon d i o x i d e ,  ammonia, halocarbons, and 

hydrocarbons. 

A s a t u r a t e d  hydrocarbon was s e l e c t e d  from among severa l  

Dur ing  Phase 11, t h i s  s e l e c t i o n  was reviewed and reconf i rmed by F luo r .  

n 
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Power Cycle Opt im iza t ion :  

change o u t  o f  t h e  b i n a r y  work ing f l u i d  composi t ion and t h e  a d d i t i o n  o f  b r i n e /  

hydrocarbon heat  t r a n s f e r  sur face.  

l i f e  o f  t h e  p l a n t  when t h e  b r i n e  temperature decayed t o  approx imate ly  345OF 

(174OC). Th is  concept was s e l e c t e d  i n  o rde r  t o  take  f u l l  advantage o f  the  eco- 

nomics associated w i t h  an u n r e s t r i c t e d  b r i n e  r e t u r n  temperature and a p r o j e c t e d  

end-of - run (30 yea r )  b r i n e  supply  temperature o f  325OF (163OC). 

The power c y c l e  developed d u r i n g  Phase I r e q u i r e d  a 

Th is  change was t o  occur a t  a t i m e  d u r i n g  t h e  

Dur ing  Phase 11, i t  was e s t a b l i s h e d  w i t h  Chevron t h a t  t h e  end-of - run b r i n e  supply 

temperature would be 338OF (17OOC) and t h a t  t h e  b r i n e  r e t u r n  temperature c o u l d  

n o t  be l e s s  than  15OOF (66OC). These new c o n d i t i o n s  negated t h e  economic advan- 

tages o f  d e f e r r i n g  c a p i t a l  expendi ture on equipment and changing o u t  t h e  working 

f l u i d  composi t ion d u r i n g  t h e  p l a n t  l i f e .  

power c y c l e  was reop t im ized  t o  operate w i t h  a s i n g l e  work ing f l u i d  composi t ion 

f o r  t h e  l i f e  o f  t h e  p l a n t .  

Based on these new c o n d i t i o n s ,  t h e  

Also d u r i n g  t h e  Phase 11, EPRI  engaged C. F. Braun t o  develop l a b o r a t o r y  tempera- 

tu re -en tha lpy  t e s t  da ta  f o r  a r e p r e s e n t a t i v e  hydrocarbon m ix tu re ,  namely, 80 mol 

pe rcen t  isobutane and 20 mol pe rcen t  isopentane. 

t o  t h e  s e l e c t i o n  o f  t h e  Benedict-Webb-Rubin (BWR) equat ion o f  s t a t e  f o r  power 

c y c l e  process des ign c a l c u l a t i o n s  and t h e  need t o  a l t e r  t h e  t u r b i n e  t h r o t t l e  

c o n d i t i o n s  i n  o rde r  t o  a v o i d  t h e  fo rma t ion  o f  hydrocarbon l i q u i d  i n  t h e  expansion 

p a t h  through t h e  t u r b i n e .  

Th is  data c o n t r i b u t e d  m a t e r i a l l y  

B r i n e  Supply: 

t h e  p l a n t  design. Th is  produced favo rab le  power c o s t  economics as compared t o  

o t h e r  c y c l e s  and m a t e r i a l l y  reduced t h e  u n c e r t a i n t i e s  associated w i t h  s c a l i n g  and 

i n j e c t i o n  p l u g g i n g  t h a t  can occur when geothermal b r i n e s  are  a l lowed t o  f l a s h .  

A s i n g l e  phase b r i n e  supply  mode was s e l e c t e d  d u r i n g  Phase I f o r  

Dur ing  Phase 11, p r e l i m i n a r y  i n f o r m a t i o n  ob ta ined  f r o m  Chevron on t h e  c o s t  d i f f e r -  

e n t i a l  between s i n g l e  and t w o  phase b r i n e  supply  l e a d  t o  f u r t h e r  economic s tud ies .  

Based on t h e  new energy c o s t  data,  these s t u d i e s  l e a d  t o  t h e  conc lus ion  t h a t  two 

phase f l o w  r e s u l t e d  i n  a lower power cos t .  

t h a t  t h e  minimum b r i n e  d e l i v e r y  pressure necessary f o r  e f f i c i e n t  b i n a r y  c y c l e  

o p e r a t i o n  r e s u l t e d  i n  a ve ry  unfavorable p ressu re / f l ow  r e l a t i o n s h i p  f o r  economic 

w e l l  opera t ion .  

However, i t  was subsequent ly determined 

As a consequence, p a r t i a l  pumping would be r e q u i r e d  very  e a r l y  
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in the operational l i f e  of the plant .  
t i a l  between s ingle  phase and two phase brine supply t o  converge and the economics 
reverted back t o  s ingle  phase pumped well operation. 

This caused the energy supply cost  differen-  

Power Cycle Con t ro l :  
as  a base load u n i t .  
involves the need fo r  a turbine-generator speed/load governor system t h a t  i s  

su i tab ly  responsive, and a power cycle control system t h a t  will maintain the 
necessary turbine t h r o t t l e  conditions, i . e. , temperature , pressure, and f 1 ow. 
Responsibil i ty fo r  turbine speed/load control will be delegated t o  the turbine 
generator suppl ier .  
integral  par t  of the power cycle design. 

I t  has been establ ished tha t  the Heber plant  will operate 

The a b i l i t y  of the plant  t o  s u p p o r t  t h i s  operational mode 

Maintaining required turbine t h r o t t l e  conditions i s  an 

Power cycle control involves three dependent var iables .  
pressure of the binary f lu id  supplied t o  the turb ine ,  and brine temperature 
leaving the uni t .  The independent variables avai lable  fo r  control of the power 
cycle a re  br ine flow and two of th ree  working f lu id  flows. 

They are  temperature and 

As a pa r t  of the Phase I1 preliminary design e f f o r t ,  F l u o r  developed e ight  a l t e r -  
native power cycle control schemes. 
fo r  incorporation i n  the  f ina l  power cycle design. 

The most optimum of these schemes was selected 

Cooling System: 
f ive  years of plant  operation. 
Alternate sources of cooling water make up are  under invest igat ion fo r  operation 

beyond the i n i t i a l  f i ve  year period. 
drain water. 

An ample supply of i r r iga t ion  water i s  avai lable  fo r  the f i r s t  
This w i l l  be u t i l i zed  in wet cooling tower system. 

The most l i ke ly  a l t e rna t ive  i s  agr icu l tura l  

During Phase 11, wet/dry cooling was investigated as  an a l t e rna t ive  t o  the a l l  

wet cooling tower system. Power cost  economics would n o t  support t h i s  cooling 

mode. 
se lec t ion  was establ ished.  

Alternative wet cooling tower designs were a l so  evaluated and an optimum 

Power Cycle Economizer: The use of an economizer in the power cycle t o  t r ans fe r  
waste heat i n  the turbine exhaust t o  the rec i rcu la t ing  work ing  f l u id  was studied 

and determined t o  be uneconomic fo r  the Heber binary p lan t .  
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Hydrocarbon Pumping Con f igu ra t i ons :  The economics o f  h i g h  head h o r i z o n t a l  pumps u 
i n  s e r i e s  w i t h  low head NPSH pumps versus m u l t i p l e  h i g h  horsepower h i g h  head 

m u l t i s t a g e  v e r t i c a l  pumps (as proposed i n  t h e  Phase I stud ies )  were i n v e s t i g a t e d .  

Study r e s u l t s  m a r g i n a l l y  f a v o r  t h e  use o f  h o r i z o n t a l  pumps. T h e i r  use i s  proposed 

i n  o rde r  t o  min imize  r e p e t i t i o n  o f  maintenance problems exper ienced by SDG&E w i t h  

v e r t i c a l  m u l t i s t a g e  pumps. 

Heat T rans fe r  M a t e r i a l s  Se lec t i on :  Dur ing  Phase I, severa l  f i e l d  t e s t s  were 

performed on t h e  c o r r o s i o n  and s c a l i n g  tendencies o f  carbon s t e e l  and t i t a n i u m  

when exposed t o  Heber r e s e r v o i r  b r i n e .  Tes t  r e s u l t s  showed t h a t  carbon s t e e l  was 

a s u i t a b l e  s h e l l  and tube m a t e r i a l  f o r  t h e  br ine/hydrocarbon heat  exchangers. 

D iscuss ions  w i t h  process and u t i l i t y  p l a n t  opera tors  i n  t h e  I m p e r i a l  V a l l e y  l e a d  

t o  t h e  conc lus ion  t h a t  Admi ra l t y  metal  would be a s u i t a b l e  tube m a t e r i a l  f o r  t h e  

hydrocarbon condensers ope ra t i ng  ' i n  a wet coo l  i ng tower system. 

Turb ine  P i p i n g  Economics: Dur ing  t h e  Phase I s tudy  rev iew,  i t  was determined 

t h a t  power c y c l e  performance was ex t remely  s e n s i t i v e  t o  t u r b i n e  exhaust p i p i n g  

pressure  l oss .  One p s i  ( 7 k P )  o f  p ressure  drop between t h e  t u r b i n e  and t h e  con- 

denser has an e q u i v a l e n t  annual c o s t  impact o f  $47,000 (1977 p r i c i n g  base l i ne ) .  

Dur ing  Phase 11, a pressure  drop o p t i m i z a t i o n  study was performed. 

t i o n s  i n v o l v i n g  d i f f e r e n t  numbers o f  condenser s h e l l s ,  t h e  use o f  expansion 

j o i n t s ,  and b o t h  a x i a l  and r a d i a l  i n f l o w  t u r b i n e s  were se lec ted  f o r  i n v e s t i g a t i o n .  

S i x  con f igu ra -  

Th is  s tudy  r e s u l t e d  i n  a p r e l i m i n a r y  optimum p i p i n g  and equipment arrangement. 
I t  was a l s o  determined t h a t  a t u r b i n e  deck i n  t h e  o rde r  o f  20 t o  30 f e e t  (6 t o  

9 meters) above grade i s  f e a s i b l e ,  t h e r e  i s  no economic i n c e n t i v e  t o  t h e  use o f  

expansion j o i n t s ,  and t h a t  t h e  economics a re  i n s e n s i t i v e  t o  t ype  o f  t u r b i n e  

( a x i a l  versus r a d i a l ) .  

Turb ine  Generator Development: Dur ing  Phase 11, E P R I  con t rac ted  w i t h  E l l i o t t  

Company and Roto f low Corpo ra t i on  t o  develop conceptual  designs, performance 

p r e d i c t i o n s ,  and p r e l  im ina ry  cos ts  f o r  commercial s i z e  b i n a r y  t u r b i n e s .  Based on 

t h i s  work b o t h  t u r b i n e  concepts appear t o  be t e c h n i c a l l y  v i a b l e  b u t  a re  unproven 

i n  t h e  commercial s i z e  e s t a b l i s h e d  f o r  t h e  Heber p l a n t .  
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A p l a n t  des ign employing two h a l f  c a p a c i t y  t u r b i n e  genera tor  t r a i n s  was i n v e s t i -  

gated (one a x i a l  and one r a d i a l )  i n  t h e  i n t e r e s t  o f  broadening t h e  demonstrat ion 

b e n e f i t s  o f  t h e  p l a n t .  Th i s  concept r e s u l t e d  i n  a p r o j e c t e d  p l a n t  c o s t  increase 

on t h e  o rde r  o f  15  t o  20 percent .  

s i z e  would compromise t h e  commercial demonstrat ion aspect o f  t he  p l a n t .  

these reasons, t h e  concept was n o t  recommended. 

A l s o ,  i t  appeared t h a t  t h e  sma l le r  machine 

For 

PHASE I 1  BASELINE DESIGN 

The Heber power p l a n t  i s  t o  be an outdoor t y p e  s t a t i o n ,  hav ing a n e t  power ou tpu t  

o f  45 MWe (65 MW des ign gross capac i t y ) .  

major p l a n t  equipment i n c l u d i n g  t h e  t u r b i n e  genera tor  t o  be i n s t a l l e d  o u t s i d e  so 

as t o  reduce c a p i t a l  c o s t  and min imize  s a f e t y  hazards associated w i t h  t h e  hand l i ng  

and containment o f  t h e  hydrocarbon work ing  f l u i d .  

f o r  o p e r a t i o n  f rom a c e n t r a l  c o n t r o l  room. The power p l a n t  w i l l  be p rov ided  w i t h  

complete u t i l i t y  se rv i ces  and suppor t  f a c i l i t i e s ,  and be l o c a t e d  on a s i t e  shared 
w i t h  t h e  b r i n e  p r o d u c t i o n  f a c i l i t i e s  t h a t  w i l l  be owned and operated by Chevron 

Resources Company. 

The outdoor concept p rov ides  f o r  a l l  

The p l a n t  i s  t o  be designed 

The power p l a n t  has a n e t  thermal e f f i c i e n c y  o f  approx imate ly  11.2 pe rcen t ,  which 

w i l l  remain n e a r l y  cons tan t  over  t h e  30 yea r  des ign l i f e  o f  t h e  p l a n t .  

r e s e r v o i r  temperature i s  p r e d i c t e d  t o  decrease over t h e  l i f e  o f  t h e  p l a n t  f rom an 

i n i t i a l  temperature of 36OOF (182OC) t o  an end o f  l i f e  temperature o f  338OF 

(17OOC). Geothermal b r i n e  f l o w  over t h i s  temperature range w i l l  va ry  f r o m  about 

7 m i l l i o n  pounds p e r  hour (3.2 MM KG/hr) t o  9 m i l l i o n  pounds p e r  hour (4 .1  MM 
KG/hr), which i s  about 38 pe rcen t  lower  than an e q u i v a l e n t  c a p a c i t y  dual  stage 

f l a s h  p l a n t .  

The 

A u x i l i a r y  power requirements t o  s u s t a i n  p l a n t  o p e r a t i o n  w i l l  va ry  over  t h e  p l a n t  

l i f e  f rom 16.9 MW t o  19 .1  MW. 

137 m i l l s  p e r  KWH. 

The l e v e l i z e d  busbar power c o s t  i s  es t imated  t o  be 

The Phase I 1  b a s e l i n e  des ign i s  c h a r a c t e r i z e d  by t h e  f o l l o w i n g  a d d i t i o n a l  f ea tu res :  

0 The b i n a r y  work ing  f l u i d  i s  a s a t u r a t e d  hydrocarbon m i x t u r e  o f  90 pe rcen t  

isobutane and 10 pe rcen t  isopentane t h a t  w i l l  be used over  t h e  l i f e  o f  

t h e  p l a n t .  
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The p l a n t  w i l l  employ a hydrocarbon b i n a r y  c y c l e  t a i l o r e d  from a s imple 

Rankine cyc le .  E l e c t r i c a l  energy i s  produced by t r a n s f e r  o f  s e n s i b l e  

heat  f r o m  t h e  hydrothermal f l u i d  t o  t h e  b i n a r y  work ing  f l u i d ,  which i s  

i n  t u r n ,  used t o  d r i v e  t h e  tu rb ine -genera to r .  

B r i n e  temperature from t h e  r e s e r v o i r  i s  expected t o  decay t o  about 

338OF (17OOC) a t  t h e  end o f  30 years o f  p l a n t  o p e r a t i o n  w i t h  f u l l  

r e s e r v o i r  development (400-500 MW). 

The b r i n e  en te rs  a b r ine /hydrocarbon heat  exchanger where i t  i s  cooled 

t o  about 16OOF (71OC) by heat  exchange w i t h  t h e  b i n a r y  work ing  f l u i d .  

The b r i n e  i s  t hen  pumped t o  t h e  i n j e c t i o n  i s l a n d .  A l l  b r i n e  removed 

from t h e  r e s e r o i r  i s  re tu rned .  

The b i n a r y  work ing  f l u i d  i s  heated under s u p e r c r i t i c a l  c o n d i t i o n s  i n  

t h e  br ine /hydrocarbon heat  exchangers t o  about 305OF (152OC). 

s u p e r c r i t i c a l  hydrocarbon vapor i s  expanded i n  t h e  t u r b i n e ,  d i scha rg ing  

as a superheated vapor and i s  condensed by c o o l i n g  water  i n  s h e l l  and 

tube t y p e  heat exchangers ( su r face  condensers). 

Th i s  

The t u r b i n e  i s  d i r e c t l y  connected t o  t h e  genera tor  and i s  t o  operate a t  

e c o n d i t i o n s  are a speed o f  e i t h e r  1,800 o r  3,600 rpm. Turb ine t h r o t t  

575 p s i a  and 305OF (3965 kPa/152OC). 

Coo l i ng  water makeup i s  p rov ided  f r o m  i r r i g a t i o n  cana 

I m p e r i a l  I r r i g a t i o n  D i s t r i c t  ( I I D ) .  

s operated by t h e  

The e l e c t r i c a l  t ransmiss ion  system w i l l  be p rov ided  by I I D .  The power 

p l a n t  w i l l  i n t e r f a c e  w i t h  t h e  I I D  system through a swi tchyard.  

main power p l a n t  t rans fo rmer  connects t h e  generator  ou tpu t  t o  a 34.5 kV 

swi tchyard.  A s t a t i o n  s e r v i c e  t rans fo rmer  connects t h e  sw i t chya rd  w i t h  

i n - p l a n t  loads a t  4,160 v o l t s .  Me te r ing  i s  prov ided  t o  determine p l a n t  

gross power ou tpu t ,  i n - p l a n t  power consumption, and power d e l i v e r e d  t o  

Chevron f o r  w e l l  pumping and o t h e r  p r o d u c t i o n  i s l a n d  uses. 

The 
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R E M A I N I N G  TECHNICAL I S S U E S  

The remain ing  t e c h n i c a l  i ssues  r e l a t i n g  t o  t h e  commerc ia l i za t ion  o f  t h e  b i n a r y  

c y c l e  envolve t h e  a p p l i c a t i o n  o f  s t a t e - o f - t h e - a r t  technology and t h e r e  i s  no 

i n d i c a t e d  need f o r  any new technology development. 

ENVIRONMENTAL AND LICENSING 

The Heber p r o j e c t  would be a p recu rso r  i n  t h e  development o f  l i c e n s i n g  and env i ron-  

mental g u i d e l i n e s  f o r  f u t u r e  commercial geothermal p l a n t s .  Considerable e f f o r t  

was expended by and under t h e  d i r e c t i o n  o f  SDG&E i n  t h e  development o f  environmen- 

t a l  impact assessment, pe rm i t s  and l i c e n s e s  f o r  t h e  Heber p l a n t .  

An Environmental Impact Report ( E I R )  was prepared f o r  t h e  power p l a n t  and b r i n e  

p roduc t i on  f a c i l i t i e s .  

adverse impact as a r e s u l t  o f  t h e  Heber p l a n t  and I m p e r i a l  County c e r t i f i c a t i o n  
was approved i n  June, 1978. 

The E I R  concludes t h a t  t h e r e  would be no s i g n i f i c a n t  

Since t h e  power p l a n t  w i l l  have a n e t  c a p a c i t y  o f  l e s s  than  50 MW, j u r i s d i c t i o n  

f a l l s  t o  t h e  County o f  I m p e r i a l  as t h e  l e a d  agency i n  c o n j u n c t i o n  w i t h  r e g u l a t i o n  

ove r  t h e  use o f  p r i v a t e l y  owned land. Permi ts  have been gran ted  by t h e  County 

cove r ing  a zone change and a c o n d i t i o n a l  use p e r m i t  t o  c o n s t r u c t  and opera te  t h e  

b r i n e  p r o d u c t i o n  f a c i l i t y  and demonst ra t ion  power p l a n t .  

ESSENTIAL CONTRACTS 

Agreements have been e s t a b l i s h e d  f o r  t h e  purchase o f  geothermal heat  energy, 

c o o l i n g  water  make-up, and f o r  t h e  s a l e  o f  e l e c t r i c  power produced by t h e  power 

p l a n t .  Heat energy w i l l  be purchased as d e l i v e r e d  t o  t h e  power p l a n t  boundary 

f rom Chevron Resources Company. Coo l ing  water  make-up w i l l  be purchased from t h e  

I m p e r i a l  I r r i g a t i o n  D i s t r i c t  f o r  t h e  f i r s t  5 years  o f  p l a n t  ope ra t i on .  An a l t e r -  

na te  source must be e s t a b l i s h e d  f o r  con t inued  o p e r a t i o n  a f t e r  5 years .  

l i k e l y  a l t e r n a t i v e  w i l l  be a g r i c u l t u r a l  d r a i n  water .  Power produced by t h e  p l a n t  

w i l l  be s o l d  t o  t h e  I m p e r i a l  I r r i g a t i o n  D i s t r i c t .  

The most 
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PROJECT CONTROLS 

P r o j e c t  imp lementa t ion  c o n t r o l s  were developed t o  cover  p r o j e c t  execu t ion  proce- 

dures,  q u a l i t y  assurance, and p l a n t  design. I n  add i ton ,  a complete Cost/Schedule 

Implementat ion P lan  was developed t o  cover  Phase 111, D e t a i l e d  Design and Procue- 

ment. Th i s  document has n o t  been pub l i shed  b u t  i s  on f i l e  w i t h  E P R I .  

SCHEDULE AND COSTS 

A t  t h e  t ime  o f  p r o j e c t  t e r m i n a t i o n  i n i t i a l  power p l a n t  o p e r a t i o n  was scheduled 

f o r  mid 1982 and t h e  t o t a l  i n s t a l l e d  c o s t  ( i n  as-spent d o l l a r s )  was es t imated  t o  

be $54.8 m i l l i o n .  The l e v e l i z e d  busbar c o s t  o f  power i s  137 mills/KWH based on a 

revenue requirements method o f  computation. Th is  es t ima te  i s  t h e  t o t a l  o f  t h e  

components r e p r e s e n t i n g  heat  (62 pe rcen t ) ,  ope ra t i on  and maintenance (15 pe rcen t )  

and p l a n t  c a p i t a l  investment (23 pe rcen t ) .  
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Sec t ion  1 

INTRODUCTION 

The Heber Geothermal Demonstrat ion Power P l a n t  P r o j e c t  was i n i t i a t e d  i n  1976 by 

t h e  E l e c t r i c  Power Research I n s t i t u t e  ( E P R I ) .  

was t o  a c c e l e r a t e  geothermal development f o r  e l e c t r i c  power genera t i on  i n  t h e  

U n i t e d  S ta tes  by deve lop ing  a moderate temperature,  l o w  s a l i n i t y ,  hydrothermal 

( h o t  water)  power p l a n t  t o  demonstrate adap ta t i on  o f  power convers ion  technology, 

environmental  c o n t r o l  technology and t h e  economics o f  power p l a n t  c o n s t r u c t i o n  

and opera t i on .  A second o b j e c t i v e  was t o  e s t a b l i s h  t h e  s o - c a l l e d  b i n a r y  c y c l e  

techno logy  as a proven a l t e r n a t i v e  t o  t h e  f l a s h  steam c y c l e  f o r  those a p p l i c a t i o n s  

where r e s e r v o i r  c h a r a c t e r i s t i c s  and s i t e  s p e c i f i c  cons ide ra t i ons  make i t  more 

d e s i r a b l e .  The documentation o f  t e c h n i c a l  s t u d i e s ,  analyses and eva lua t i ons  and 

t h e  d i ssemina t ion  o f  t h a t  i n f o r m a t i o n  f o r  t h e  b e n e f i t  o f  t h e  general  p u b l i c  was 

a l s o  cons idered an impor tan t  o b j e c t i v e .  

The p r imary  purpose o f  t h e  p r o j e c t  

The p l a n t  as now conceived i s  t o  be o f  a commercial s i z e  and be l o c a t e d  on t h e  

Heber known geothermal resource area (Heber) i n  t h e  I m p e r i a l  V a l l e y  o f  Southern 

C a l i f o r n i a .  The p l a n t  des ign i s  based on a b i n a r y  energy convers ion  c y c l e  where 

i n  a s a t u r a t e d  hydrocarbon i s  u t i l i z e d  as a work ing  medium. Geothermal f l u i d  

( b r i n e )  w i l l  be s u p p l i e d  f r o m  an ad jacen t  p r o d u c t i o n  f a c i l i t y  t o  be owned and 

operated by t h e  Chevron Resources Company (Chevron). The h o t  b r i n e  will be 

d e l i v e r e d  t o  t h e  power p l a n t  boundary as a l i q u i d .  A f t e r  t h e  heat  energy has 

been t r a n s f e r r e d  from t h e  geothermal f l u i d  t o  t h e  hydrocarbon work ing  f l u i d  i n  

heat exchangers, t h e  b r i n e  w i l l  be r e t u r n e d  t o  Chevron a t  t h e  p l a n t  boundary f o r  

i n j e c t i o n  i n t o  t h e  Heber r e s e r v o i r .  

exchangers and then  d r i v e  a tu rb ine /genera to r  t o  produce e l e c t r i c a l  energy. 

energy produced by t h e  p l a n t  w i l l  be d e l i v e r e d  t o  t h e  I m p e r i a l  I r r i g a t i o n  D i s t r i c t  

f o r  marke t ing  on i t s  d i s t r i b u t i o n  system. 

The hydrocarbon w i l l  vapor ize i n  t h e  heat  

The 

Because broad i n d u s t r y  suppor t  was e s s e n t i a l  f o r  E P R I  p a r t i c i p a t  

Gas & E l e c t r i c  Company (SDG&E) organ ized a consor t ium o f  u t i l i t y  

agencies t o  p a r t i c i p a t e  i n  t h e  p r o j e c t .  The t w o  types o f  p a r t i c  
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owners and c o n t r i b u t o r s .  

77 pe rcen t  o f  t h e  power p l a n t  ou tpu t .  The o t h e r  p l a n t  owners i nc luded  I m p e r i a l  

I r r i g a t i o n  D i s t r i c t  (10 pe rcen t ) ,  Los Angeles Department o f  Water and Power (10 

percent ) ,  and Southern C a l i f o r n i a  Edison Company (3 percent ) .  

a ma jor  c o n t r i b u t o r .  

Company; P o r t l a n d  General E l e c t r i c ;  Republ ic Geothermal, I nc .  ; Geothermal Resources 

I n t e r n a t i o n a l ,  I n c . ;  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. 

SDG&E was p r o j e c t  manager and t h e  p r i n c i p a l  owner w i t h  

E P R I  con t inued as 

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  inc luded:  Nevada Power 

Implementat ion o f  t h e  p r o j e c t  was organ ized i n t o  s i x  phases. 

conceptual  design and f e a s i b i l i t y  s t u d i e s  performed by t h e  Ben H o l t  Company 

( H o l t )  and Procon, I n c .  (Procon) under c o n t r a c t  t o  E P R I  (1) and was completed i n  

1976. The c u r r e n t  phase, Phase 11, i s  t h e  p r e l i m i n a r y  design and eng ineer ing  o f  

t h e  b i n a r y  power p l a n t  and inc ludes  process and f a c i l i t y  d e f i n i t i o n ,  major system 

o p t i m i z a t i o n s ,  s p e c i a l  background s tud ies ,  environmental  r e p o r t s ,  p r o j e c t  p lan-  

n ing ,  schedu l ing ,  budget ing,  and r e l a t e d  work. 

d e t a i l e d  des ign  and eng ineer ing ,  procurement, and d e t a i l e d  c o n s t r u c t i o n  p lann ing .  

Phase I V  was t o  i n c l u d e  power p l a n t  c o n s t r u c t i o n  and mechanical i n t e g r a t i o n  o f  

a l l  systems and f a c i l i t i e s .  

shakedown opera t i ons .  

t i o n .  

Phase I was t h e  

Phase I11 was t o  c o n s i s t  o f  

Phase V was t o  i n c l u d e  power p l a n t  s t a r t - u p  and 

Phase V I  was t o  i n c l u d e  o p e r a t i o n  and performance evalua- 

The o b j e c t i v e  o f  Phase I 1  was t o  des ign  a 45 MWe n e t  b i n a r y  c y c l e  power p l a n t  

op t im ized  f o r ,  and t o  be l o c a t e d  a t ,  t h e  Heber r e s e r v o i r .  

conceptual  eng inee r ing  des ign  f o r  t h e  power p l a n t  were s p e c i f i e d  i n  EPRI's Phase I 

s t u d i e s  conducted by  Holt/Procon. 

depar tu re  f o r  t h e  Phase I 1  work. 

The s i z e ,  l o c a t i o n  and 

Th is  p r i o r  work was used as t h e  p o i n t  of  

The statement o f  work f o r  Phase I 1  d i v i d e d  t h e  scope o f  work i n t o  e igh teen  tasks .  

These tasks  were: 

p r o j e c t  c o n t r o l  documents; 3) e s t a b l i s h  p r o j e c t  management c o n t r o l s  f o r  d e t a i l e d  

design; 4) pe r fo rm p r e l i m i n a r y  des ign  and eng ineer ing  a c t i v i t i e s ;  5)  pe r fo rm 

p l a n t  performance and des ign  a n a l y s i s ;  6) recommend p r o v i s i o n s  f o r  research  and 

development; 7) p repare  b idde rs  l i s t s  and s p e c i f i c a t i o n s ;  8) app ly  f o r  and o b t a i n  

a1 1 r e q u i r e d  p e r m i t s  , 1 icenses and approval  s ; 9) p repare  drawi ng , engi  n e e r i  ng, 

procurement and c o n s t r u c t i o n  schedules; 10)  prepare  c a p i t a l  c o s t  es t imates  and 

per fo rm economic a n a l y s i s  f o r  busbar c o s t  o f  power; 11) develop q u a l i t y  assurance 

and q u a l i t y  c o n t r o l  procedures;  12) p repare  l i s t  o f  l o n g  lead- t ime equipment; 13 )  

p repare  d e t a i l e d  c o n s t r u c t i o n  drawings; 14) p repare  equipment l i s t s  w i t h  a p p l i c a b l e  

1) eva lua te  and s e l e c t  an a rch i tec t /eng inee r ;  2) p repare  
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code requirements;  15) prepare p r e l i m i n a r y  subsystem and system t e s t i n g ,  s t a r t - u p  

and o p e r a t i n g  procedures;  16)  conclude Environmental Base l i ne  Data A c q u i s i t i o n  

(EBDA) program; 17) develop procedures f o r  management reviews and r e p o r t ;  and 18) 

p repare  p e r i o d i c  r e p o r t s  and t e c h n i c a l  reviews. 

The o r i g i n a l  p e r i o d  of performance f o r  Phase I 1  a c t i v i t i e s  was from June, 1977 

th rough February,  1978. 
o rde r  t o  o b t a i n  t h e  r e q u i s i t e  fund ing  f r o m  DOE f o r  t h e  p r o j e c t .  Several  tasks  were 
i n i t i a t e d  and some were completed. Tasks 1, 2, 3, 4, 8 ,  10,  11, 16, 17 and 18 were 

i n i t i a t e d .  Only Tasks 1, 2, 3, 11, 16, 17 and 18 were completed. 

The comple t ion  da te  was extended u n t i l  December, 1978 i n  

The purpose of t h i s  F i n a l  Report  i s  t o  p reserve  t h e  r e s u l t s  o f  eng inee r ing  and 

des ign  a c t i v i t i e s ,  c o s t  and economic analyses, p e r m i t t i n g  processes, and o t h e r  

r e l a t e d  p r o j e c t  a c t i v i t i e s  t h a t  evolved as a p a r t  o f  Phase 11. U t i l i t i e s  w i l l  be 

a b l e  t o  re fe rence  and u t i l i z e  t h i s  r e c o r d  i n  c o n j u n c t i o n  w i t h  t h e  f u t u r e  develop- 

ment of s i m i l a r  p r o j e c t s .  

eng ineer ing /des ign  work and o t h e r  r e l a t e d  e f f o r t s  performed by F l u o r  Engineers 

and Const ruc tors  ( F l u o r )  under c o n t r a c t  t o  SDG&E;  and, H o l t  under subcont rac t  t o  

F l u o r .  

by SDG&E, such as economic analyses o f  busbar c o s t  o f  power, es tab l i shment  o f  

energy supply,  power sa les  and c o o l i n g  water  supply agreements, development o f  

environmental  impact s tud ies  and r e p o r t s ,  and a c q u i s i t i o n  o f  use permi ts .  

Th i s  r e p o r t  p resents  t h e  r e s u l t s  o f  t h e  Phase I 1  

I t  a l s o  i nc ludes  t h e  r e s u l t s  o f  r e l a t e d  p r o j e c t  a c t i v i t i e s  accomplished 

The work accomplished conf i rmed t h e  t e c h n i c a l  and economic i n c e n t i v e s  f a v o r i n g  

t h e  b i n a r y  c y c l e ,  and t h e  use o f  a hydrocarbon as t h e  power c y c l e  work ing  f l u i d .  

I t  a l s o  i d e n t i f i e d  t h e  optimum thermodynamic power c y c l e ,  work ing  f l u i d  m i x t u r e ,  

t u r b i n e  t h r o t t l e  c o n d i t i o n s ,  a n d  g e o t h e r m a l  f l u i d  s u p p l y  mode. O t h e r  work  p e r -  

formed inc luded  t h e  development o f  a d e t a i l e d  work breakdown s t r u c t u r e  complete 

w i t h  manhour and p r o j e c t  c o s t  budgets s u i t a b l e  f o r  c o s t  c o n t r o l  and s t a t u s  r e p o r t -  

i n g .  

a long w i t h  t h e  cost/schedule p rogress  t r a c k i n g  and s t a t u s  r e p o r t i n g  system. A 

master schedule cove r ing  p r o j e c t  a c t i v i t i e s  under t h e  s i x  phases was developed. 

C a p i t a l  c o s t  es t imates  and busbar c o s t  o f  power analyses were a l s o  performed. 

P r o j e c t  and q u a l i t y  assurance procedures and a des ign  gu ide  were developed 

The p r e s e n t a t i o n  o f  t h e  r e s u l t s  o f  t h e  work performed d u r i n g  Phase I 1  has been 

organ ized i n t o  e i g h t  major sec t i ons  i n  t h i s  F i n a l  Report.  

sec t i on ,  Sec t ion  1, discusses t h e  purpose and h i s t o r i c a l  background of t h e  p r o j e c t .  

The op t im ized  b a s e l i n e  des ign  developed f o r  t h e  power p l a n t  i s  desc r ibed  i n  

Sec t i on  2 and i s  based on t h e  s t u d i e s  and o p t i m i z a t i o n  work discussed i n  Sec t i on  

3. Cost analyses and t h e  p r o j e c t  schedule a re  descr ibed i n  Sec t i on  4. 

Th is  i n t r o d u c t o r y  

Sec t i on  5 
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discusses severa l  ou ts tand ing  t e c h n i c a l  and eng ineer ing  problems i d e n t i f i e d  

d u r i n g  t h e  des ign  development. The l i c e n s i n g  and environmental  e f f o r t s  expended 

on t h e  p r o j e c t  a re  d e t a i l e d  i n  Sec t ion  6. 

t o  t h e  o p e r a t i o n  o f  t h e  power p l a n t  a r e  summarized i n  Sec t i on  7. 

d iscusses t h e  procedures developed t o  admin i s te r  and c o n t r o l  t h e  p r o j e c t .  

a d d i t i o n  t o  t h i s  F i n a l  Report ,  E P R I  has on f i l e  a l l  o f  t h e  suppor t i ng  eng ineer ing  

documentation f o r  t h e  r e s u l t s  p resented  i n  t h e  r e p o r t .  

The agreements and c o n t r a c t s  e s s e n t i a l  

Sec t i on  8 

I n  
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Sec t ion  2 
PHASE I 1  BASELINE D E S I G N  

Th is  s e c t i o n  descr ibes  t h e  b a s e l i n e  des ign  developed d u r i n g  Phase I 1  f o r  t h e  

Heber b i n a r y  power p l a n t .  The des ign  i s  op t im ized  and t h e  o p t i m i z a t i o n  process, 

i n c l u d i n g  t r a d e - o f f  s t u d i e s  i s  descr ibed i n  Sec t i on  3. The E P R I  Phase I concep- 

t u a l  des ign  was used as t h e  p o i n t  o f  des ign  depar tu re .  The p l a n t  l o c a t i o n  i s  

shown on F igures  2A and 2B. 

2 . 1  GENERAL D E S I G N  REQUIREMENTS 

The power p l a n t  w i l l  be an ou tdoor  t ype  s t a t i o n  hav ing  a genera t i ng  c a p a c i t y  o f  

45 MWe ne t .  

50 MW was d e s i r e d  t o  demonstrate commercial o p e r a t i o n  b u t  l e s s  than  50 MW would 

s i m p l i f y  t h e  p e r m i t t i n g  progress .  

ma jor  p l a n t  equipment i n c l u d i n g  t h e  t u r b i n e  genera tor  u n i t  w i l l  be i n s t a l l e d  

ou ts ide .  

t h e  hand l i ng  and containment o f  hydrocarbons. U t i l i t y  se rv i ces  and suppor t  

f a c i l i t i e s  such as a d m i n i s t r a t i v e  o f f i c e s ,  shops, and warehouses r e q u i r e d  t o  

f u l l y  suppor t  s t a t i o n  o p e r a t i o n  a re  t o  be inc luded.  The s t a t i o n  i s  t o  be l o c a t e d  

on a s i t e  shared w i t h  b r i n e  p r o d u c t i o n  f a c i l i t i e s  t h a t  w i l l  be owned and opera ted  

by t h e  Chevron Resources Company (Chevron). 

A p l a n t  c a p a c i t y  o f  45 MW was se lec ted  s ince  a s i z e  approaching 

Under t h e  outdoor t ype  s t a t i o n  concept a l l  

Th i s  w i l l  reduce c o s t  and he lp  t o  a v o i d  s a f e t y  hazards assoc ia ted  w i t h  

The p l a n t  i s  t o  be designed f o r  o p e r a t i o n  f rom a c e n t r a l  c o n t r o l  cen te r  w i t h  

minimum o p e r a t i n g  manpower. The power p l a n t  c o n t r o l  c e n t e r  w i l l  a l s o  be t h e  

f o c a l  p o i n t  f o r  e f f e c t i v e  c o o r d i n a t i o n  o f  ope ra t i ons  between t h e  f i e l d  and t h e  

g r i d .  

The geothermal f l u i d  p r o d u c t i o n  system and t h e  energy convers ion  system a re  

designed f o r  o p e r a t i o n  under base l o a d  c o n d i t i o n s .  

t o  accommodate an ins tan taneous i n t e r r u p t i o n  i n  f u l l  genera tor  l o a d  w i t h o u t  

damaging equipment o r  b r i n e  w e l l s .  

A ma jor  des ign  o b j e c t i v e  i s  
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FIGURE 2B 
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The f a c i l i t y  i s  t o  be designed t o  a v o i d  adverse impact on t h e  sur round ing  env i ron-  

ment. The hydrocarbon work ing  f l u i d  w i l l  be conta ined w i t h i n  t h e  energy convers ion  

system d u r i n g  a l l  normal s t a r t - u p  opera t i ons  and planned shutdown a c t i v i t i e s .  

A l l  hydrocarbon vents  and d r a i n s  a r e  t o  be p i p e d  t o  t h e  hydrocarbon recovery  

system o r  t h e  f l a r e  system so as t o  a v o i d  re lease  t o  t h e  environment. Emergency 

v e n t i n g  o f  hydrocarbon w i l l  be th rough t h e  f l a r e  system. I n t e r m i t t e n t  v e n t i n g  o f  

water  vapors f rom t h e  b r i n e  system i s  t o  be c o n t r o l l e d  i n  a manner t h a t  avo ids  

b r i n e  ca r ry -ove r  t o  ad jacen t  a g r i c u l t u r a l  areas. D r i f t  f rom t h e  c o o l i n g  tower i s  

t o  be c o n t r o l l e d  by t h e  use o f  c u r r e n t  s t a t e - o f - t h e - a r t  c o o l i n g  tower d r i f t  

e l i m i n a t o r  designs. The des ign  i s  t o  p rov ide  t h e  most a e s t h e t i c a l l y  acceptab le  

appearance c o n s i s t e n t  w i t h  t h e  t e c h n i c a l ,  ope ra t i ona l  and economic requirements 

o f  t h e  f a c i  1 i t y .  

Conservat ion o f  water  i s  a ma jor  c o n s i d e r a t i o n  i n  t h e  des ign  o f  t h e  p l a n t  f o r  t h e  

f o l  1 owing reasons: 

0 The power p l a n t  has a low thermal e f f i c i e n c y  and t h i s  r e q u i r e s  a d i sp ro -  

p o r t i o n a t e l y  l a r g e  heat  r e j e c t i o n  system as compared t o  a convent iona l  

power p l a n t .  

0 I r r i g a t i o n  water f o r  c o o l i n g  i s  i n  s h o r t  supp ly  i n  t h e  I m p e r i a l  V a l l e y  

and w i l l  o n l y  be a v a i l a b l e  f o r  t h e  f i r s t  f i v e  years  o f  p l a n t  ope ra t i on .  

0 A l t e r n a t i v e  supp l i es  a r e  o n l y  a v a i l a b l e  f rom p o l l u t e d  sources t h a t  w i l l  

r e q u i r e  ex tens i ve  and c o s t l y  t rea tmen t  p r i o r  t o  use f o r  p l a n t  c o o l i n g  

water  make-up. 

Noise generated d u r i n g  normal o p e r a t i o n  i s  t o  be a t tenua ted  u s i n g  c u r r e n t  des ign  

p r a c t i c e s  such as a c o u s t i c a l  i n s u l a t e d  l a g g i n g  and d ischarge s i l e n c e r s .  Noise 

generated from ven t ing ,  p ressure  r e l i e v i n g ,  and pressure  reduc ing  d u r i n g  s t a r t - u p ,  

normal, and emergency opera t i ons  s h a l l  be a t tenua ted  i n  accordance w i t h  OSHA 

r e g u l a t i o n s .  

A se ismic  i n v e s t i g a t i o n  o f  t h e  p l a n t  s i t e  r e g i o n  was performed f o r  SDG&E by 

Fugro, I n c .  o f  Long Beach, C a l i f o r n i a .  T h e i r  r e p o r t  "Geologic,  Seismologic,  and 

Earthquake Eng ineer ing  Report  f o r  t h e  Heber Geothermal Demonstrat ion P l a n t ,  
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Heber, C a l i f o r n i a "  (2) was i ssued  i n  December 1977. 

naissance r e p o r t s  no fea tu res  r e a d i l y  a t t r i b u t a b l e  t o  a c t i v e  f a u l t i n g  o r  a se ismic 

creep w i t h i n  f o u r  m i l e s  o f  t h e  s i t e .  

l i k e l y  t o  exper ience s i g n i f i c a n t  v i b r a t o r y  ground mot ion d u r i n g  t h e  t h i r t y  yea r  

l i f e  o f  t h e  p l a n t .  

earthquake i s  l i k e l y  t o  occur a long  one o f  t h e  two f a u l t s  t h a t  a r e  near t h e  s i t e  

d u r i n g  t h e  p l a n t ' s  a n t i c i p a t e d  t h i r t y  yea r  l i f e .  

The geo log ic  f i e l d  recon- 

The r e p o r t  s t a t e s  t h a t  t h e  f a c i l i t y  i s  

Furthermore, t h e  r e p o r t  i n d i c a t e s  t h a t  a l a r g e  magnitude 

Fugro r e p o r t e d  t h a t  t h e  maximum c r e d i b l e  earthquake which would cause maximum 

shaking a t  t h e  s i t e  would have a 0.7 g peak ground a c c e l e r a t i o n  l e v e l .  

a c c e l e r a t i o n  l e v e l  t h a t  would have a 50 pe rcen t  p r o b a b i l i t y  o f  n o t  be ing  exceeded 

d u r i n g  t h e  30 yea r  l i f e  o f  t h e  p l a n t  i s  about 0.29 g f o r  Maximum Probable Ear th-  

quake mot ion.  

0.29 g se ismic induced ground a c c e l e r a t i o n  l e v e l ;  and, r e t a i n i n g  s t r u c t u r a l  

i n t e g r i t y  o f  c r i t i c a l  equipment, systems and s t r u c t u r e s  under a maximum peak 

ground a c c e l e r a t i o n  l e v e l  o f  0.7 g. 

The 

The p l a n t  des ign i s  t o  be based on r e t a i n i n g  o p e r a b i l i t y  a f t e r  a 

2.2 OPERATING PLAN 

The power p l a n t  w i l l  be owned by a consor t ium o f  u t i l i t y  companies and operated 

by SDG&E f o r  t h e  consort ium. Hydrothermal f l u i d  p r o d u c t i o n  and r e i n j e c t i o n  

f a c i l i t i e s  w i l l  be operated by Chevron. Chevron w i l l  supply  t h e  geothermal f l u i d  

t o  t h e  power p l a n t  boundary accord ing t o  terms and c o n d i t i o n s  s e t  f o r t h  i n  t h e  

energy supply  agreement. SDG&E w i l l  r e t u r n  t h e  spent b r i n e  t o  t h e  power p l a n t  

boundary a t  t h e  pressure  and temperature c o n d i t i o n s  s p e c i f i e d  by Chevron. 

energy f o r  o p e r a t i o n  o f  t h e  Chevron production f a c i l i t y  i n c l u d i n g  downhole pumping 

i s  t o  be s u p p l i e d  by SDG&E from t h e  s t a t i o n  a u x i l i a r y  power system. 

be respons ib le  f o r  i n t e r f a c i n g  e l e c t r i c a l l y  w i t h  t h e  I m p e r i a l  I r r i g a t i o n  D i s t r i c t  

( I I D )  system through an o n s i t e  s w i t c h i n g  s t a t i o n  t o  be p rov ided  by SDG&E. 

E l e c t r i c  

SDG&E i s  t o  

Compensation f o r  power t o  operate t h e  p r o d u c t i o n  and r e i n j e c t i o n  f a c i l i t i e s ,  

i n c l u d i n g  pumping, i s  f a c t o r e d  i n  t h e  p r i c e  o f  b r i n e  d e l i v e r e d  t o  t h e  power 

p l a n t .  To a v o i d  t h e  added c o s t  o f  a separate subs ta t i on ,  SDG&E has agreed t o  

d e l i v e r  power t o  t h e  Chevron p r o d u c t i o n  i s l a n d  from t h e  s t a t i o n  a u x i l i a r y  power 

system. T h i s  power w i l l  be metered and t h e  c o s t  w i l l  be c r e d i t e d  a g a i n s t  t h e  

p r i c e  o f  geothermal energy suppl ied.  Chevron w i l l  arrange f o r  an independent 
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power supp ly  t o  opera te  t h e i r  r e i n j e c t i o n  i s l a n d  s ince  i t  w i l l  be l o c a t e d  severa l  

m i l e s  from t h e  power p l a n t / p r o d u c t i o n  i s l a n d  s i t e .  

2.3 OPERATION OBJECTIVES 

The t h r e e  p r imary  o p e r a t i o n  o b j e c t i v e s  o f  t h e  Heber geothermal demonstrat ion 

power p l a n t  ope ra t i on  are:  

0 To demonstrate t h e  p o t e n t i a l  f o r  p roduc ing  e l e c t r i c  power from a b i n a r y  

power c y c l e  u t i l i z i n g  energy supp l i ed  from a l i q u i d  dominated moderate 

temperature geothermal resource. 

0 To reach a n e t  power o u t p u t  o f  45 MWe and a r e l i a b l e  70 pe rcen t  on- 

stream a v a i l a b i l i t y  w i t h i n  f i v e  yea rs  o f  ope ra t i on .  

0 To demonstrate commercial o p e r a t i o n  i n  t h e  f o l l o w i n g  manner: 

--by conduct ing  sa fe ,  r e l i a b l e  o p e r a t i o n  f rom a c e n t r a l  c o n t r o l  room 

u t i l i z i n g  a minimum number o f  o p e r a t i n g  personnel .  

- -by p r o v i n g  t h a t  b r i n e  p r o d u c t i o n  and energy convers ion  systems a re  

respons ive  t o  d a i l y  and seasonal l o a d  swings and a re  capable o f  

genera tor  1 oad w i t h -  ng ins tan taneous i n t e r r u p t i o n  o f  f u l l  

ng equipment o r  b r i n e  we1 1s. 

w i t h s t a n d  

o u t  damag 

--by opera t  

The power p l a n t  i s  t o  

ng w i  t h i  n t h e  p r e s c r i b e d  env i  ronmenta 

be designed t o  opera te  i n  a base l o a d  

range o f  d a i l y  and seasonal system l o a d  demands. The p l a n t  

f o l l o w i n g  o b j e c t i v e s  d u r i n g  t h e  e a r l y  l i f e  o f  t h e  p l a n t :  

0 T r a i n  o p e r a t i n g  and maintenance personnel .  

0 Demonstrate f u n c t i o n  o f  s p e c i f i c  equipment. 

l i m i t s .  

mode over  a broad 

w i l l  achieve t h e  

0 C a l i b r a t e  and f i n e - t u n e  i n s t r u m e n t a t i o n  and c o n t r o l  systems. 
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E s t a b l i s h  o p e r a t i n g  ranges and l i m i t s  f o r  systems and equipment. 

Determi ne b r i n e  p r o d u c t i o n  we1 1 capac i t y .  

Demonstrate sa fe  ope ra t i on .  

Eva lua te  equipment and process performance. 

E s t a b l i s h  economic data. 

Demonstrate environmental  a c c e p t a b i l i t y .  

Prov ide  i n f o r m a t i o n  and t e c h n i c a l  da ta  f o r  use i n  des ign ing  f u t u r e  geo- 

thermal f a c i  1 i t i e s .  

2.4 PROCESS SYSTEM DESCRIPTIONS 

The p l a n t  c o n s i s t s  o f  a main power c y c l e  p l u s  u t i l i t y  and o t h e r  suppor t i ng  

a u x i l i a r y  systems. The power c y c l e  c o n s i s t s  o f  a hydrothermal f l u i d  l oop  and a 

hydrocarbon b i n a r y  loop. The power c y c l e  system des ign  i s  based on a s i n g l e -  

phase b r i n e  supp ly  mode and a 90 mol pe rcen t  i sobutane and 10 mol pe rcen t  i s o -  

pentane hydrocarbon b i n a r y  work ing  f l u i d  m i x t u r e  f o r  t h e  t h i r t y  y e a r  p l a n t  design 

l i f e .  

2 . 4 . 1  Power Cycle 

The power c y c l e  process design i s  dep ic ted  on t h e  accompanying s t a r t - o f - r u n  and 

end-o f - run  power c y c l e  schematics, F igures  2.4.1A and B. 

B r i n e  System Loop 

The purpose o f  t h e  b r i n e  system loop  i s  t o  p r o v i d e  an e f f i c i e n t  and economic 

means o f  t r a n s f e r r i n g  heat  energy con ta ined  i n  t h e  geothermal f l u i d  t o  t h e  hydro- 

carbon work ing  f l u i d .  
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Main Cooling Water 
Circulation Pumps 

Main C.W. Pumps . Brine Return Pumps . Cooling Tower Fans 
Miscellaneous 

Chevron Production Well Pumps 

0.2 

2.3 __ 
16.9 

Brine Return 
Booster Pumps Hydrocarbon Booster Pumps 

FIGURE 2.4.1A 

P O W E R  CYCLE S C H E M A T I C  
( S T A R T  OF R U N )  

H E E E R  G E O T H E R M A L  D E M O N S T R A T I O N  POWER P L A N T  

2 -8 



Pumps 

Brine Return 
Booster Pumps 

Hydrocarbon 
Accumulator 

Hydrocarbon Booster Pumps 

AUXILIARY POWER CONSUMPTION. MW 
Hydrocarbon Pumps 9 . 7  
Main C.W. Pumps 3.2 
Brine Return Pumps 0 .9  
Cooling Tower Fans 1.3 
Miscellaneous 0.2 

Subtotal 15.3 
Chevron Production Well Pumps __ 3.0  

Total 19.1 

~ 

FIGURE 2.4.1B 

POWER CYCLE S C H E M A T I C  
( E N D  OF R U N )  

H E B E R  G E O T H E R M A L  D E M O N S T R A T I O N  P O W E R  P L A N T  

2 -9 



Th is  l oop  i s  t o  c o n t a i n  a bank o f  s h e l l  and tube heat  exchangers arranged i n  a 

s e r i e s / p a r a l l e l  c o n f i g u r a t i o n  and man i fo lded t o  t h e  b r i n e  supp ly  and r e t u r n  

p i p i n g  i n  a manner t h a t  promotes f l o w  balance among p a r a l l e l  exchanger t r a i n s  by 

p i p i n g  symmetry and equal f r i c t i o n  losses .  Th is  c o n f i g u r a t i o n  i s  shown i n  F igu res  

2.4.1A and B. The use o f  va lves  t o  achieve f l o w  balance i s  t o  be avoided because 

o f  inc reased c o s t  and t h e  r i s k  o f  n o t  be ing  a b l e  t o  b e n e f i t  from on-stream main- 

tenance due t o  t h e  d i f f i c u l t i e s  i n  ach iev ing  t i g h t  s h u t o f f  f o r  sa fe  maintenance 

i s o l a t i o n .  

The exchanger c o n f i g u r a t i o n  i s  t o  be f i n a l i z e d  th rough c o n t a c t  w i t h  p o t e n t i a l  

manufacturers d u r i n g  t h e  d e t a i l e d  mechanical system design. The f i n a l  c o n f i g -  

u r a t i o n  i s  t o  be conf i rmed d u r i n g  t h e  equipment s e l e c t i o n  and award process. 

performance r a t i n g  o f  t h e  exchangers i s  t o  be based on t h e  end o f  r u n  downhole 

temperature o f  338OF (170OC). 

ope ra to r  t o  be t h e  wors t  c o n d i t i o n ,  assuming f u l l  r e s e r v o i r  development. 

The 

Th is  temperature i s  es t imated  by t h e  r e s e r v o i r  

Hot b r i n e  i s  t o  be p rov ided  by Chevron a t  t h e  p l a n t  boundary i n t e r f a c e  a t  a 

p ressure  which w i l l  ensure 1 iqu id -phase c o n d i t i o n s .  The t h e r m a l l y  spent b r i n e  i s  

t o  be r e t u r n e d  t o  t h e  p l a n t  boundary a t  a minimum temperature o f  16OoF ( 7 1 O C )  i n  

o rde r  t o  enable Chevron t o  meet t h e  15OOF (66OC) temperature requ i rement  a t  t h e  

w e l l  head i n  o rde r  t o  min imize  r e i n j e c t i o n  w e l l  damage. Booster pumps a re  t o  be 

p rov ided  i n  t h e  b r i n e  r e t u r n  system t o  m a i n t a i n  a minimum r e t u r n  pressure  o f  250 

p s i a  (1724 kPa) and a maximum r e t u r n  pressure  o f  300 p s i a  (2068 kPa) a t  t h e  p l a n t  

boundary. 

Catchments and t renches  a r e  t o  be p rov ided  t o  c o l l e c t  any s p i l l e d  o r  l e a k i n g  

b r i n e  f o r  t r a n s f e r  t o  e i t h e r  t h e  p r o d u c t i o n  i s l a n d  o r  t o  a sump f o r  d i sposa l .  

Dra ins ,  ven ts ,  thermal expansion r e l i e f  va lves  and ins t rumen t  blowdowns on p i p i n g  

and equipment h a n d l i n g  b r i n e  a re  t o  be d ischarged i n t o  a b r i n e  c o l l e c t i o n  system. 

F a c i l i t i e s  f o r  separa t i ng  sand from t h e  b r i n e  a r e  t o  be p rov ided  by Chevron 

These f a c i l i t i e s  a re  t o  be l o c a t e d  on t h e  p r o d u c t i o n  i s l a n d .  

A 
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Hydrocarbon System Loop 

The hydrocarbon system loop p rov ides  f o r :  

carbon work ing  f l u i d ,  and 2) e f f i c i e n t  t r a n s f e r  o f  energy f rom t h e  b r i n e  loop t o  

t h e  hydrocarbon t u r b i n e .  

can be r a i s e d  t o  a p ressure  o f  approx imate ly  575 p s i a  (3965 kPa) and a temperature 

o f  305OF (152OC) under s u p e r c r i t i c a l  c o n d i t i o n s .  The hydrocarbon expands th rough 

t h e  t u r b i n e  and i s  condensed under c o n t r o l l e d  c o n d i t i o n s  i n  a c losed  loop. The 

hydrocarbon temperature i s  ma in ta ined a t  t h e  t u r b i n e  i n l e t  th rough t h e  exchange 

w i t h  t h e  b r i n e  i n  t h e  br ine /hydrocarbon heat  exchangers. 

a re  main ta ined w i t h i n  t h e  hydrocarbon system by v a p o r i z a t i o n ,  expansion, condensa- 

t i o n  and pumping. 

1) containment o f  t h e  b i n a r y  hydro- 

The system i s  t o  be designed so t h a t  t h e  hydrocarbon 

Design pressure  l e v e l s  

Several  hydrocarbon pumping c o n f i g u r a t i o n s  were eva lua ted  and a r e  documented i n  

Sec t i on  3 o f  t h i s  r e p o r t .  As a r e s u l t  o f  t h i s  eva lua t i on ,  a s e r i e s  pumping 

system was s e l e c t e d  as shown F igures  2.4.1A and B. The system inc ludes  v e r t i c a l  

mo to r -d r i ven  condensate pumps t h a t  t ake  s u c t i o n  d i r e c t l y  f rom t h e  hydrocarbon 

condenser h o t  w e l l s .  

mo to r -d r i ven  pumps which m a i n t a i n  t h e  r e q u i r e d  pressure  o f  575 p s i a  (3965 kPa) a t  

t h e  t u r b i n e  i n l e t .  

These pumps a r e  t o  d ischarge t o  t h e  s u c t i o n  o f  t h e  high-head, 

A l t e r n a t i v e  t u r b i n e  exhaust p i p i n g  and condenser c o n f i g u r a t i o n s  were eva lua ted  

and a re  a l s o  documented i n  Sec t i on  3. 

t h e  system w i l l  u t i l i z e  two condenser s h e l l s  arranged i n  p a r a l l e l  and separa te l y  

connected t o  t h e  t u r b i n e  exhaust nozzles as shown on F igu re  2.4.1A and B. 

f i n a l  number o f  condenser shells i s  t o  be determined d u r i n g  t h e  equipment se lec-  

t i o n  process ,  d u r i n g  which t ime  c o n s i d e r a t i o n  i s  t o  be g i ven  t o  t r a n s p o r t a t i o n  

and vapor d i s t r i b u t i o n  problems assoc ia ted  w i t h  l a r g e  diameter s h e l l s .  These 

cons ide ra t i ons  may cause t h e  number o f  exchanger s h e l l s  t o  be increased, thereby  

n u l l i f y i n g  t h e  c o s t  advantages discussed i n  Sec t i on  3. 

Based on t h e  r e s u l t s  o f  t h i s  eva lua t i on ,  

The 

Coo l i ng  tower c i r c u l a t i n g  water  i s  t o  be used as t h e  heat  removal medium t o  

condense t h e  hydrocarbon as i t  exhausts f rom t h e  t u r b i n e ,  a l s o  as shown on F igures  

2.4.1A and B. 

The number o f  hydrocarbon condensate and boos te r  pumps r e q u i r e d  t o  opera te  i n  

p a r a l l e l  i s  based on t h e  two shell p a r a l l e l  condenser arrangement. Two se ts  o f  
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t h r e e  nominal 50 pe rcen t  c a p a c i t y  

t h e  design. One s e t  i s  t o  be u t i  

The f i n a l  de te rm ina t ion  as t o  t h e  

u a t i n g  t h e  economics, performance 

proposal  s. 

condensate pumps a re  planned f o r  i n c l u s i o n  i n  

i z e d  f o r  each o f  t h e  two p a r a l l e l  condensers. 

number o f  pumping u n i t s  i s  t o  be made by eva l -  

and t e c h n i c a l  s u i  t a b i  1 i ty  o f  compe t i t i ve  

A s i d e  stream (makeup/drawoff) hydrocarbon accumulator i s  t o  be p rov ided  i n  t h e  

system t o  accommodate volume changes w i t h i n  t h e  system d u r i n g  l o a d  v a r i a t i o n s  and 

t o  p r o v i d e  f o r  l i q u i d  hydrocarbon s to rage d u r i n g  u n i t  shutdowns. Feed t o  t h e  

accumulator i s  t o  be from t h e  condensate pump d ischarge d u r i n g  pe r iods  o f  h i g h  

l e v e l  i n  the  condenser h o t  w e l l .  

s u p p l i e d  from t h e  accumulator t o  t h e  condenser h o t  w e l l s  d u r i n g  pe r iods  o f  low 

l e v e l s  i n  t h e  condenser h o t  w e l l .  

Hydrocarbon makeup t o  t h e  system i s  t o  be 

P i p i n g  and exchangers a r e  t o  be p r o t e c t e d  from overpressure by adequately s i z e d  

r e l i e f  va lves  t h a t  a r e  arranged t o  d ischarge t o  t h e  hydrocarbon condensers and/or 

t h e  f l a r e  system. 

Means f o r  q u i c k  s h u t o f f  o f  hydrocarbon f low t o  t h e  t u r b i n e  d u r i n g  emergency 

c o n d i t i o n s  i s  t o  be p rov ided  i n  o rde r  t o  p r o t e c t  personnel  and equipment. A 

q u i c k - c l o s i n g  emergency t r i p  va l ve  i s  t o  be s u p p l i e d  by t h e  t u r b i n e  manufacturer 

f o r  t h i s  purpose. 

Thermal expansion and pressure  drop a re  t h e  c o n t r o l l i n g  des ign  parameters f o r  

de te rm in ing  t h e  hydrocarbon exhaust p i p i n g  c o n f i g u r a t i o n .  

Adequately s i z e d  s u c t i o n  and d ischarge p i p i n g  i s  t o  be a p p r o p r i a t e l y  manifolded, 

valved, vented, and d ra ined  t o  p e r m i t  i s o l a t i o n  o f  i n d i v i d u a l  hydrocarbon pumps. 

A l l  l i q u i d  r e l i e f  va lves  on pumps and accumulators a r e  t o  d ischarge i n t o  t h e  

hydrocarbon condensers. Vapor r e l i e f s  a r e  t o  d ischarge i n t o  t h e  f l a r e  system. 

Connections f o r  p u r g i n g  and v e n t i n g  t h e  low-pressure hydrocarbon vapor f rom l i n e s  

and equipment d u r i n g  shutdown and hydrocarbon evacuat ion  a re  t o  be p rov ided  a t  

a p p r o p r i a t e  p o i n t s  i n  t h e  p i p i n g  system. P i p i n g  c o n f i g u r a t i o n s  a r e  t o  be designed 

t o  min imize  entrapment o f  hydrocarbon w i t h i n  t h e  equipment and t o  exped i te  v e n t i n g  

and p u r g i n g  opera t i ons .  
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The system i s  t o  be designed t o  accommodate and c o n t r o l  l o a d  changes c rea ted  by 

t h e  v a r i a t i o n s  i n  t h e  b r i n e  system f l o w  d u r i n g  s t a r t - u p  and normal ope ra t i on .  

The system i s  a l s o  t o  be designed t o  accommodate instantaneous i n t e r r u p t i o n  o f  

t h e  hydrocarbon f l o w  t o  t h e  t u r b i n e  under f u l l  l o a d  o p e r a t i o n  o r  upset cond i t i ons .  

Turb ine  s h a f t  sea l  leakage i s  t o  be vented t o  t h e  hydrocarbon recovery  system. 

Var ious  types  o f  s e a l i n g  systems a re  a v a i l a b l e  and f i n a l  de te rm ina t ion  o f  r e c y c l i n g  

arrangements must a w a i t  s e l e c t i o n  o f  a s p e c i f i c  t u r b i n e  s u p p l i e r .  

recovery  system i s  t o  be designed t o  r e c y c l e  t h e  amount o f  hydrocarbon recovered 

from t h e  s e a l i n g  o i l  i n  a d d i t i o n  t o  t h e  b u f f e r  gas r e q u i r e d  by t h e  t u r b i n e  

manufacturer.  

The hydrocarbon 

2.4.2 Hvdrocarbon R e l i e f  and F l a r e  Svstem 

Equipment des ign  pressures  a re  t o  be such t h a t  r e l i e f  va l ve  s e t  p ressures  w i l l  be 

s u f f i c i e n t l y  h i g h  t o  accommodate pressure  inc reases  d u r i n g  normal o r  a n t i c i p a t e d  

minor  upset o p e r a t i n g  c o n d i t i o n s .  

designed t o  ensure t h a t  t h e  hydrocarbon vapors a r e  d i v e r t e d  i n t o  t h e  f l a r e  system 

i n  t h e  event  t h a t  r e l i e v i n g  becomes necessary. Some v e n t i n g  t o  t h e  f l a r e  system 

i s  a n t i c i p a t e d  d u r i n g  p u r g i n g  and recharg ing  opera t ions .  

The hydrocarbon r e l i e f  and f l a r e  system i s  

The f l a r e  system i s  t o  c o n s i s t  o f  adequately s i z e d  r e l i e f  va lves ,  r e l i e f  headers, 

and t h e  accessory equipment necessary t o  ensure s a f e t y  i n  hand l i ng  any hydrocarbons 

d ischarged i n t o  t h e  system. Condensate separated from t h e  vapor i n  t h e  f l a r e  

knockout drum i s  t o  be pumped t o  a h o l d i n g  vessel .  

A f l o w  sensor i s  r e q u i r e d  t o  ac tua te  t h e  p i l o t  f lame i g n i t i o n  system upon presence 

o f  f l o w i n g  vapor. 

system d u r i n g  pe r iods  o f  zero  f l ow .  

when t h e  pressure  i n  t h e  f l a r e  header r i s e s  above atmospheric. Vapors a re  i g n i t e d  

as they  emerge from t h e  f l a r e  t i p .  The f l a r e  t i p  i s  t o  be a t  a s u f f i c i e n t  e leva- 

t i o n  t o  ensure t h a t  p l a n t  personnel  and equipment a re  n o t  endangered by thermal 

r a d i a t i o n .  

A water seal  p revents  atmospher ic a i r  f rom e n t e r i n g  t h e  f l a r e  

Hydrocarbon f l o w  passes th rough t h e  seal  
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2.4.3 Hydrocarbon Storage System 

The hydrocarbon s to rage system i s  t o  i n c l u d e  un load ing ,  t r a n s f e r ,  and vapor 

recovery  f a c i l i t i e s .  

s to rage t a n k  be fo re  be ing  t r a n s f e r r e d  i n t o  t h e  hydrocarbon accumulator. 

system i s  t o  be p rov ided  t o  c o l l e c t  t h e  vapors f rom t h e  s to rage vesse ls  and then  

compress, condense, and r e t u r n  t h e  degassed hydrocarbon l i q u i d  t o  s to rage d u r i n g  

recharg ing  and o t h e r  ope ra t i ons .  

f l a r e  system. 

Des i red  m ix tu res  o f  hydrocarbons a re  t o  be blended i n  a 

A recovery  

Noncondensables a r e  t o  be discharged t o  t h e  

The t r a n s f e r  f a c i l i t i e s  a re  t o  be used t o  "pump ou t "  hydrocarbon-conta in ing  

equipment and systems when c l e a r i n g  them f o r  i n s p e c t i o n  o r  maintenance. 

pump-out ope ra t i ons  a re  complete, purge gas i s  i n t roduced  i n t o  t h e  equipment f o r  

p u r g i n g  o f  t h e  hydrocarbon. 

i n t o  t h e  f l a r e  system u n t i l  p u r g i n g  i s  complete. 

A f t e r  

The purge gas/hydrocarbon m i x t u r e  i s  t o  be d ischarged 

A i r  i s  t o  be purged t o  t h e  atmosphere f rom t h e  systems w i t h  i n e r t  gas. When t h e  

a i r / p u r g e  gas m i x t u r e  reaches a predetermined purge gas concen t ra t i on ,  hydrocarbon 

i s  t o  be i n t roduced  i n t o  t h e  system and i n e r t  gas and hydrocarbon vented t o  t h e  

f l a r e  header u n t i l  t h e  d e s i r e d  hydrocarbon c o n c e n t r a t i o n  i s  a t t a i n e d .  

2.4.4 I n e r t  Gas System 

N i t rogen  i s  t o  be used t o  exclude a i r  and hydrocarbons from t h e  hydrocarbon- 

c o n t a i n i n g  equipment and systems d u r i n g  s t a r t - u p s  and shutdowns. 

b l a n k e t i n g  opera t i ons  w i l l  consume a s i g n i f i c a n t  amount o f  i n e r t  gas which must 

be d i s t r i b u t e d  t o  a l l  l o c a t i o n s  r e q u i r i n g  purge gas d u r i n g  maintenance and opera- 

t i o n .  An adequately s i z e d  s to rage vessel  i s  t o  be i n s t a l l e d  a long w i t h  an evapo- 

r a t o r ,  i f  requ i red .  

Purg ing  and 

2.4.5 Fuel Gas System 

Fuel gas w i l l  be r e q u i r e d  f o r  t h e  f l a r e  p i l o t  i g n i t i o n  system, f o r  g a s i f i c a t i o n  

o f  l i q u i d  n i t r o g e n ,  and p o s s i b l y  f o r  space heat ing .  

va l ved  p i p i n g  system i s  t o  be designed t o  d i s t r i b u t e  t h e  r e q u i r e d  q u a n t i t y  o f  

f u e l  gas a t  t h e  pressure  r e q u i r e d  by t h e  user.  

An adequately s i z e d  and 
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u 2.4.6 Coo l i ng  Water System 

A m u l t i c e l l  c o o l i n g  tower i s  r e q u i r e d  t o  m a i n t a i n  t h e  c o o l i n g  water  temperature 

a t  about 95OF (35OC) when t h e  wet b u l b  temperature i s  a t  a maximum o f  8OoF (27OC). 

Coo l i ng  water  a t  a r a t e  o f  approx imate ly  140,000 gpm (31,797 m3/hr) i s  t o  be 

c i r c u l a t e d  th rough t h e  power p l a n t  f o r  heat  r e j e c t i o n .  

c i r c u l a t i n g  coo l  i ng water  i s  r e q u i r e d  by t h e  hydrocarbon condensers. 

water  supp ly  and r e t u r n  l i n e s  a re  t o  be r o u t e d  underground t o  and from t h e  hydro- 

carbon condensers and a re  t o  be cons t ruc ted  o f  r e i n f o r c e d  concre te .  

The major  p o r t i o n  o f  t h e  

Cool i ng 

The c o o l i n g  water  system i s  t o  be p rov ided  w i t h  f a c i l i t i e s  f o r  a u t o m a t i c a l l y  

i n j e c t i n g  env i ronmen ta l l y  acceptab le  d i spe rsan ts  and c o r r o s i o n  i n h i b i t o r s  i n t o  

t h e  c i r c u l a t i n g  water.  B a c t e r i a  and a lgae c o n t r o l  i s  t o  be accomplished by t h e  

use o f  an au tomat ic  c h l o r i n a t i o n  system. 

i f  i t  becomes necessary t o  remove a i r b o r n e  s o l i d s  and/or r e s i d u a l  s i l t  e n t r a i n e d  

i n  t h e  makeup water.  

Side stream f i l t e r s  a re  t o  be cons idered 

A blowdown r a t e  o f  about 700 gpm (159 m3/hr) i s  a n t i c i p a t e d  f o r  m a i n t a i n i n g  t h e  

q u a l i t y  o f  t h e  c o o l i n g  water.  

c o n t r o l l e d  a t  a t o t a l  d i s s o l v e d  s o l i d s  con ten t  o f  4000 p a r t s  p e r  m i l l i o n  (ppm). 

The blowdown i s  t o  f l o w  by g r a v i t y  f rom t h e  c o o l i n g  tower b a s i n  t o  i n t e r f a c e  w i t h  

a t rea tmen t  system which w i l l  p r o v i d e  adequate t rea tmen t  f o r  u l t i m a t e  d ischarge 

i n t o  an a g r i c u l t u r a l  d r a i n .  Sampling p o i n t s  and a c o n t r o l  system a r e  t o  be 

p r o v i d e d  f o r  r e g u l a t i n g  blowdown f l ow .  

The c o o l i n g  water c i r c u l a t i o n  system i s  t o  be 

F u r t h e r  i n v e s t i g a t i o n  d u r i n g  d e t a i l e d  p l a n t  des ign  may prove t h a t  a c losed  loop  

system i s  d e s i r a b l e  f o r  c i , r c u l a t i n g  c o o l i n g  water  th rough t h e  genera tor  hydrogen 

coo le rs ,  t h e  o i l  coo le rs  f o r  t h e  t u r b i n e  and genera tor ,  t h e  hydrocarbon recovery  

compressor condenser, and t h e  p l a n t  and ins t rumen t  a i r  compressor a f t e r c o o l e r s .  

2.4.7 Makeup Water and Water Treatment Systems 

The source of raw water makeup i s  e i t h e r  t h e  Cen t ra l  Main o r  Dogwood Canal which 

a r e  ad jacen t  t o  t h e  p l a n t  s i t e .  

i s  approx imate ly  3000 gpm (749 m3/hr). 

Colorado R ive r  and con ta ins  concen t ra t i ons  o f  up t o  900 ppm o f  t o t a l  d i s s o l v e d  

s o l i d s  w i t h  s i g n i f i c a n t  q u a n t i t i e s  o f  e n t r a i n e d  s i l t .  

The ins tan taneous raw water  makeup requirement 

This i r r i g a t i o n  water  o r i g i n a t e s  a t  t h e  
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Pumps are  t o  be provided t o  t ransport  water from e i t h e r  canal t o  the s i l t  removal 
ponds where s i l t  i s  expected t o  accumulate a t  a r a t e  of approximately 1,500 

pounds (680 kg) per day. 
the pond t o  accelerate  s i l t  deposition. 

in a small area of one pond, des i l t i ng  operations are  t o  be conducted on a regular 
basis .  
approximately one day of f u l l  load operation as  well a s  an adequate amount of 
reserve fo r  f i r e  f igh t ing  purposes. Dikes are  t o  provide adequate f r ee  board 
above normal pond level .  

A coagulant i s  t o  be added t o  the raw water entering 

Because most of the s i l t  will be deposited 

The s i l t  removal ponds are  t o  be provided t o  impound su f f i c i en t  water fo r  

Impermeable pond l in ings  are  t o  be provided from e i t h e r  properly conditioned s o i l  

avai lable  a t  o r  near the s i t e  o r  from commercially avai lable  man-made mater ia ls .  

Final se lec t ion  of the l in ing  i s  t o  be made a f t e r  completion of the geotechnical 
i nves t iga t  ion. 

A sulphate-resis tant  concrete pump p i t  with removable t rash  gates i s  t o  be designed 
t o  receive water from e i t h e r  o r  b o t h  ponds. The f i r e  water and makeup water 

pumps are  t o  take suction from t h i s  p i t .  

designed t o  provide su f f i c i en t  water t o  a l l  of the f i r e  water pumps and one raw 
water makeup pump simultaneous y.  

The flow system and pump p i t  a re  t o  be 

2 .4 .8  Fire  Protection Faci i t i e s  

A 

Water t o  the f i r e  water system i s  t o  be t ransferred from the s i l t  removal pond 
pump p i t  by a diesel-driven and an e l e c t r i c  motor-driven pump. A small e l e c t r i c  
motor-driven jockey pump i s  t o  maintain pressure in the f i r e  water system during 

periods of l i t t l e  o r  no flow. All three f i r e  water pumps are  t o  be provided w i t h  

individual suction f a c i l i t i e s  in the pump p i t  of the s i l t  removal pond. The main 

f i r e  water pumps a re  t o  be monitored from the control room and equipped w i t h  
automatic s t a r t i n g  controls  i n i t i a t e d  by decreasing f i r e  water pressure. 
f i r e  water system i s  t o  be designed in accordance with applicable insurance and 
s t a t e  f i r e  system standards. Deluge systems, act ivated by h i g h  local temperature 

condi t ions,  are  t o  be in s t a l l ed ,  as  required, in hazardous areas .  Monitors 
capable of spraying the turbine generator operating f loor  are  t o  be operable from 

ground leve l .  

The 
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A dry pipe deluge system is to be installed in the cooling tower. 
through this system is to be actuated by high temperature sensing devices located 
at strategic points. 

Water flow cus 

Additional fire protection equipment to be installed throughout the facility 
i ncl udes: 

a Portable fire extinguishers located throughout the facility 

e An automatic fire suppression system to protect the electrical switch 
control room. 

The design of the fire protection facilities is to be reviewed and approved by 
the local fire authorities. 

2.4.9 Potable Water System 

The use of potable water is to be restricted to the sanitary facilities, showers, 
safety showers and eye wash stations. 
the potable water source. 
water supply point to furnish raw water to potable water treatment tanks. 
lant is to be injected into the raw water prior to its entering the treatment 
tanks. 
holdup tank where it is to be chlorinated. Silt from the settling tank is to be 
returned by gravity to the canal water inlet at the silt removal ponds. Chlori- 
nated potable water is to be supplied to the plant system by a potable water 
pump. Potable water is also to be furnished to the production island. An air 
padded tank is to be considered in order to allow intermittent operation of the 
potable water pump and to supply potable water for a reasonable time during power 
fai 1 ure. 

Irrigation canal water is to be used as 
A pump is to be installed at the irrigation canal 

Coagu- 

Desilted water will flow by gravity from the settling tank to a 24-hour 

2.4.10 Sanitary Wastewater System 

Sewage is to gravitate to septic tanks and then to tile drain fields for dispersal. 
Drain field design is to be based upon recommendations of the geotechnical investi- 
gation consultant. 
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2.4.11 Drainage Sys tems 

Surface dra inage from t h e  p l a n t  i s  t o  d r a i n  f rom s loped pavement t o  swales a t  t h e  

edge o f  t h e  concre te  f o r  su r face  discharge. 

t h e  t u r b i n e  genera tor  s t r u c t u r e  and from t h e  t u r b i n e  genera tor  o i l  console i s  t o  

be c o l l e c t e d  i n  an underground p i p i n g  system. Th is  system i s  t o  d ischarge i n t o  a 

h o l d i n g  sump f o r  o i l  removal t hen  eventua l  re lease  t o  t h e  su r face  dra inage system 

o r  d i sposa l  by o t h e r  means. 

Oi ly  water  f rom t h e  pavement under 

2.4.12 P l a n t  and Ins t rument  A i r  System 

One e l e c t r i c  mo to r -d r i ven  and one d i e s e l - d r i v e n  r e c i p r o c a t i n g  compressor a re  t o  

supp ly  i ns t rumen t  and p l a n t  a i r .  

cover.  Each compressor i s  t o  be equipped w i t h  an a i r  i n t a k e  l o c a t e d  a t  l e a s t  20 

f e e t  (6 meters) above ground l e v e l .  

and d ra ined  t o  p e r m i t  i s o l a t i o n  o f  e i t h e r  machine. 

t o  ensure t h a t  e i t h e r  machine can f u n c t i o n  as t h e  standby u n i t .  O i l  ba th - type  

i n l e t  f i l t e r s  a r e  t o  be prov ided.  

Th is  equipment i s  t o  be l o c a t e d  under a r o o f  

The compressors a r e  t o  be valved, vented, 

Con t ro l s  a re  t o  be designed 

A p l a n t  a i r  d i s t r i b u t i o n  system i s  t o  be p rov ided  t o  d i s t r i b u t e  a i r  f o r  general  

s e r v i c e  th roughout  t h e  f a c i l i t y .  Th i s  system i s  t o  be designed t o  ensure t h a t  

p l a n t  a i r  can a l s o  be p r o v i d e d  by p o r t a b l e  compressors. 

The i n l e t  l i n e  t o  t h e  i ns t rumen t  a i r  header i s  t o  be equipped w i t h  a s e t  o f  dual  

f i l t e r s  capable o f  reduc ing  t h e  q u a n t i t y  o f  e n t r a i n e d  o i l  i n  t h e  a i r  t o  acceptab le  

l e v e l s  a t  ambient temperature.  

f i l t e r  f o r  d r y i n g  t o  a s u i t a b l e  dew p o i n t .  

f o r  b o t h  t h e  o i l  and r e f r i g e r a t e d  f i l t e r s .  

The a i r  i s  t o  be processed th rough a r e f r i g e r a t e d  

Automatic bypasses a r e  t o  be p r o v i d e d  

2.4.13 E l e c t r i c a l  Transmission System and Main Swi tchyard  

Two 34.5 kV t ransmiss ion  l i n e s  f rom t h e  IID network a r e  t o  loop th rough t h e  power 

p l a n t  sw i tchyard .  

a t i e  b reaker .  

l i n e s .  

genera tor  t rans fo rmer  and one p o s i t i o n  f o r  t h e  34.5/4.16 kV s t a t i o n  s e r v i c e  

t rans fo rmer  (see F i g u r e  2.4.13). 

The main bus i s  t o  be p rov ided  i n  two sec t i ons  connected w i t h  

Four p o s i t i o n s  a re  r e q u i r e d  t o  accommodate t h e  t ransmiss ion  

Two a d d i t i o n a l  p o s i t i o n s  a r e  requ i red ,  one p o s i t i o n  f o r  t h e  13.2/34.5 kV 
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FIGURE 2.4.13 
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Open buswork is to be supported on a steel structure. Oil circuit breakers, 
disconnect switches, control equipment, protective relays, and all necessary 
ancillary equipment are to be located in the switchyard. 
cost accounting purposes is to be provided at the transformer positions. 

Metering equipment for 

2.4.14 High-Voltage Electrical Systems 

The generator is to produce 13,800-volt, 3-phase, 60-hertz power at the machine 
terminals. 
kV transformer. 
design. All electrical operating functions are to be monitored and controlled 
from the control room. 
unit with a 34.5 kV circuit breaker between the transformer and the main bus. 

A segregated phase bus duct is to connect the machine t o  the 13.U34.5 
All necessary protective relaying is to be included in the 

The generator transformer system i s  to be designed as a 

A single 34.5/4.16 kV transformer is to be provided to supply total station 
service for the facility. All induction motors over 200 horsepower are to be 
connected to the 4160-volt system. 
and relaying equipment are to be located in the control building switch room. 
Any capacitors required for power factor improvement are to be located in nonelec- 
trical hazard areas. 

Circuit breakers with appropriate metering 

All 4160-volt protective relaying is to be integrated with protective relaying 
for the switchyard and transmission systems. 

2.4.15 Low-Voltage Electrical Systems 

A 480-volt, 3-phase, 60-hertz system is to provide electrical power to all process- 
associated motors rated 200 horsepower or less, to all exterior lighting, and to 
a1 1 welding machine receptacles. 

Interior lighting, receptacles in buildings, and other low-power, single-phase 
equipment are to operate at 120/208 volts. 
by individual battery-powered units equipped with automatic recharging capabil- 
i ty. 

Emergency lighting is to be provided 

A 120-volt dc system is to be provided to supply power to various emergency oil 
pumps, to the turbine generator turning gear, and to selected instrumentation and 
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c o n t r o l s .  

1 2 0 - v o l t  dc system. 

powered from t h e  480-vo l t  system. 

t o  t h e  c r i t i c a l  c o n t r o l s  r e q u i r i n g  a l t e r n a t i n g  c u r r e n t .  

An adequately s i z e d  wet c e l l  b a t t e r y  bank i s  t o  f u r n i s h  power t o  t h e  

B a t t e r y  charge i s  t o  be main ta ined by a s t a t i c - t y p e  r e c t i f i e r  

An i n v e r t e r  i s  t o  be f u r n i s h e d  t o  supp ly  power 

2.4.16 Con t ro l  Systems 

I n s t r u m e n t a t i o n  and c o n t r o l  systems a r e  t o  be p rov ided  t o  mon i to r  and c o n t r o l  t h e  

o p e r a t i o n  o f  t h e  power p l a n t .  A d d i t i o n a l  i n s t r u m e n t a t i o n  and da ta  a c q u i s i t i o n  

c a p a b i l i t y  i s  t o  be p rov ided  i n  o rde r  t o  tho rough ly  eva lua te  equipment and system 

performance d u r i n g  t h e  demonst ra t i ve  phase o f  opera t ion .  The power c y c l e  c o n t r o l  

scheme i s  t o  be developed around t h e  c o n t r o l  concept desc r ibed  i n  Sec t i on  3. 

Spec ia l  i n s t r u m e n t a t i o n  and c o n t r o l  systems a r e  t o  be dev ised as t h e  va r ious  f l o w  

diagrams a r e  developed d u r i n g  d e t a i l  design. 

E l e c t r o n i c  i n s t r u m e n t a t i o n  and c o n t r o l  system components a re  t o  be u t i l i z e d ,  

wherever p r a c t i c a b l e .  

a re  t o  be a combina t ion  e l e c t r o n i c  h y d r a u l i c  system. 

f o r  t e s t i n g  a re  t o  be p rov ided  t o  p r o t e c t  t h e  p l a n t  systems a g a i n s t  damage d u r i n g  

emergency c o n d i t i o n s .  D e v i a t i o n  and abso lu te  va lue  a la rm c i r c u i t s  a r e  t o  mon i to r  

c r i t i c a l  f u n c t i o n s  and energ ize  alarms t o  warn opera tors  o f  impending d i f f i c u l t i e s .  

The a la rm system i s  t o  i nco rpo ra te  " f i r s t  ou t "  f e a t u r e s  i n  o rde r  t o  r a p i d l y  

i d e n t i f y  t h e  cause o f  a t r i p - o u t  s i t u a t i o n .  

The t u r b i n e  genera tor  governor/admission va l ve  c o n t r o l s  

T r i p  c i r c u i t s  and bypasses 

Con t ro l  room pane ls  a r e  t o  be desk-type consoles equipped w i t h  ins t ruments  and 

c o n t r o l  dev ices  t h a t  a re  h i g h l y  v i s i b l e  and e a s i l y  opera ted  by t h e  a t t e n d i n g  
personne l .  The c o n t r o l  system i s  t o  be designed t o  ensure t h a t  a l l  c o n t r o l  

a c t i v i t i e s  t h a t  can be i n i t i a t e d  i n  t h e  c o n t r o l  room can a l s o  be i n i t i a t e d  from 

t h e  cor respond ing  l o c a l  s t a t i o n .  

2.5 MAJOR EQUIPMENT 

2 .5 .1  Turb ine  Generator 

The t u r b i n e  genera tor  i s  t o  be designed t o  opera te  as a base l o a d  u n i t  i n  a 

c e n t r a l  genera t i ng  s t a t i o n  environment. There w i l l  be occas iona l  v a r i a t i o n s  i n  
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t h e  t u r b i n e  genera tor  l o a d  due t o  v a r i a t i o n s  i n  t h e  e l e c t r i c a l  network demand o r  

seasonal demand. 

when o p e r a t i n g  as a s i n g l e  u n i t .  

t h a t  t h e  u n i t  can be opera ted  w i t h  o t h e r  genera tors  connected i n t o  t h e  power 

g r i d .  

The genera tor  system i s  t o  be designed t o  m a i n t a i n  f requency 

Machine c h a r a c t e r i s t i c s  a re  a l s o  t o  be such 

The t u r b i n e  and genera tor  a re  t o  be d i rec t - connec ted  f o r  ope ra t i on  as a u n i t  a t  a 

synchronous speed o f  e i t h e r  1800 o r  3600 r e v o l u t i o n s  p e r  minute. 

gear i s  r e q u i r e d  by t h e  manufacturer,  i t  i s  t o  be equipped f o r  au tomat ic  s t a r t i n g .  

I f  a t u r n i n g  

The t u r b i n e  genera tor  and a u x i l i a r y  equipment a re  t o  be i n s t a l l e d  outdoors i n  an 

e l e c t r i c a l  hazard area c l a s s i f i e d  Class 1, D i v i s i o n  2, Group D as d e f i n e d  i n  t h e  

Na t iona l  E l e c t r i c  Code. Outdoor equipment must be a b l e  t o  w i ths tand  ambient a i r  

temperatures o f  12OOF (49OC) and sun r a d i a t i o n  heat  t o  1 8 O O F  (82OC). 

All p a r t s  o f  t h e  t u r b i n e  genera tor  a r e  t o  be access ib le  and removable f o r  mainte- 

nance. Ma jor  t u r b i n e  genera tor  components a re  t o  be arranged i n  such a manner 

t h a t  a g a n t r y  crane can be u t i l i z e d  d u r i n g  maintenance. 

The t u r b i n e  genera tor  i s  t o  be soleplate-mounted. A l l  a u x i l i a r y  systems such as 

o i l  consoles a r e  t o  be baseplate-mounted f o r  i n s t a l l a t i o n  as an assembled u n i t .  

The equipment and s t r u c t u r a l  anchors a r e  t o  be capable o f  accommodating t h e  

se ismic  a c c e l e r a t i o n  l e v e l s  e s t a b l i s h e d  f o r  t h e  area  i n  a d d i t i o n  t o  normal 

o p e r a t i n g  fo rces .  

The t u r b i n e  genera tor  i s  t o  be designed t o  l i m i t  sound l e v e l s  t o  90 dBA o r  l e s s  

as measured a t  a d i s t a n c e  o f  t h r e e  f e e t  f rom any p r o j e c t i o n  o f  t h e  u n i t  o r  f rom 

any enclosure.  

Components a r e  t o  be sub jec ted  t o  va r ious  t e s t s  a t  t h e  f a c t o r y .  

t o  i n c l u d e ,  b u t  n o t  be l i m i t e d  t o :  

Such t e s t s  a re  

0 Overspeed r o t o r  assemblies. 

0 H y d r o s t a t i c  t e s t s .  

#' High p o t e n t i a l  t e s t  o f  s t a t o r  and armature assemblies 
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0 Four-hour mechanical r u n  o f  t u r b i n e  and accessor ies .  

The components o f  t h e  t u r b i n e  genera tor  a r e  t o  be i nspec ted  d u r i n g  t h e  manufactur- 

i n g  and assembly processes by Purchaser Inspec to rs  and Q u a l i t y  Assurance Personnel 

t o  ensure compliance w i t h  s p e c i f i c a t i o n s  and a p p l i c a b l e  standards.  

The t u r b i n e  genera tor  i s  t o  be guaranteed by t h e  manufacturer f o r  c a p a c i t y  and 

performance i n  accordance w i t h  s p e c i f i c a t i o n s .  

war ran t  t h e  u n i t  a g a i n s t  i n c o r r e c t  designs, d e f e c t i v e  m a t e r i a l s ,  poor workmanship, 

I n  a d d i t i o n ,  t h e  vendor i s  t o  

and f a i l u r e  f rom normal usage 

2.5.2 Turb ine  

The t u r b i n e  may be an a x i a l  f 

m u l t i p l e  c y l i n d e r s .  A s i n g l e  

f o r  a s p e c i f i e d  p e r i o d  o f  t 

ow o r  a r a d i a l  i n - f l o w  mach 

i n l e t  nozz le  i s  t h e  most de 

me. 

ne w i t h  s i n g l e  o r  

i r a b l  e arrangement. 

Downward o r i e n t e d  exhaust nozzles a re  r e q u i r e d  (see Subsect ion 3.12). The cas ing  

i s  t o  be e i t h e r  c a s t  o r  f a b r i c a t e d  s t e e l  and a l l  s p l i t  l i n e s  a r e  t o  be l eakp roo f .  

The r o t o r  may be e i t h e r  " s t i f f "  o r  " f l e x i b l e "  s h a f t  design. 

The t u r b i n e  i s  t o  be equipped w i t h  s leeve o r  t i l t i n g  pad f r i c t i o n - t y p e  j o u r n a l  

bear ings  w i t h  f o r c e  feed l u b r i c a t i o n .  

doub le -ac t i ng  w i t h  a removable t h r u s t  c o l l a r .  Any o t h e r  t h r u s t  c o n t r o l  arrange- 

ment i s  t o  be reviewed and s p e c i f i c a l l y  approved p r i o r  t o  award. 

The t h r u s t  bea r ing  may be s e l f - e q u a l i z i n g ,  

Lube o i l  systems a re  t o  i n c l u d e  a s h a f t - d r i v e n  main pump, an ac mo to r -d r i ven  

a u x i l i a r y  pump, and a dc mo to r -d r i ven  emergency pump. The lube  o i l  console is t o  

be baseplate-mounted f o r  i n s t a q l a t i o n  as an assembly. 

f i l t e r  d ischarge and t h e  i n l e t  connect ions on t h e  machine i s  t o  be s t a i n l e s s  

s t e e l .  The l u b r i c a t i o n  system f o r  t h e  t u r b i n e  i s  t o  be separate f rom t h e  gener- 

a t o r  l u b r i c a t i o n  system. 

O i l  p i p i n g  between t h e  

Lubr i ca ted  o r  n o n l u b r i c a t e d  f l e x i b l e  coup l i ngs  i n s t a l l e d  between t u r b i n e  and 

genera tor  o r  between m u l t i p l e  t u r b i n e  cas ings  a r e  t o  be dynamica l l y  balanced. 

The s h a f t  s e a l i n g  des ign  i s  t o  p reven t  leakage o f  hydrocarbon t o  t h e  atmosphere 

even when t h e  s h a f t  i s  a t  r e s t  and t h e  t u r b i n e  cas ing  i s  under p ressure .  I n  t h e  

event o i l  is employed f o r  t h e  s h a f t  s e a l i n g  system, i t  may be f u r n i s h e d  by t h e  
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l u b r i c a t i o n  system. The sea l  o i l  system i s  t o  be capable o f  recove r ing  b o t h  

hydrocarbon vapors and seal  o i l  l i q u i d  f o r  r e c y c l i n g  t o  t h e i r  r e s p e c t i v e  systems. 

A b u f f e r e d  gas s h a f t  seal  arrangement i s  a l s o  acceptable.  Th is  system i s  a l s o  t o  

be capable o f  r e c y c l i n g  hydrocarbon leakage and b u f f e r i n g  gas t o  t h e i r  r e s p e c t i v e  

systems. 

2.5.3 Generator 

The genera tor  i s  t o  be a 13 ,800-vo l t ,  3-phase, 60-her tz  machine capable o f  develop- 

i n g  f u l l  l o a d  w i t h  a 0.85 power f a c t o r  and 30 p s i g  (2.12 kg/m2) hydrogen pressure.  

The gas c o o l e r  arrangement must p e r m i t  o p e r a t i o n  a t  80 pe rcen t  o f  r a t e d  kVA when 

one s e c t i o n  o f  t h e  coo le rs  i s  shu t  down. The bear ings  a re  t o  be f r i c t i o n - t y p e  

sleeves o r  t i l t i n g  pad arrangement. 

The genera tor  i s  t o  be matched t o  t h e  t u r b i n e  p h y s i c a l l y  and f u n c t i o n a l l y  and i s  

t o  be hydrogen cooled. Windings a r e  t o  be wye-connected and grounded th rough a 

d i s t r i b u t i o n  t rans fo rmer  w i t h  secondary res i s tance .  

A s t a t i c  e x c i t a t i o n  system i s  t o  be prov ided.  I f  t h e  system r e q u i r e s  t h e  use o f  

c o l l e c t o r  brushes on t h e  genera tor  s h a f t ,  t h e  r i g g i n g  must be s u i t a b l e  f o r  i n s t a l -  

l a t i o n  i n  an area  des ignated  Class l, D i v i s i o n  2, Group D f o r  e l e c t r i c a l  hazards. 

The lube o i l  system may i n c l u d e  a s h a f t - d r i v e n  main pump, an ac motor -d r iven  

a u x i l i a r y  pump, and a dc mo to r -d r i ven  emergency pump. The lube o i l  console i s  t o  

be baseplate-mounted f o r  i n s t a l l a t i o n  as an assembled u n i t .  

Generator t e s t s  s p e c i f i e d  i n  Table 3 o f  A N S I  s tandard  C50.13 a re  t o  be conducted 

i n  accordance w i t h  I E E E  P u b l i c a t i o n  Number 115. 

2.5.4 Turb ine  Generator I n s t r u m e n t a t i o n  and Con t ro l s  

The t u r b i n e  genera tor  i s  t o  be equipped w i t h  a c o n t r o l  system which w i l l  a l l o w  

automat ic  o p e r a t i o n  and m o n i t o r i n g  o f  e l e c t r i c a l  and mechanical performance from 

t h e  c o n t r o l  room. A d d i t i o n a l l y ,  t h e  system must be designed t o  i n i t i a t e  app rop r i -  

a t e  a c t i o n  f o r  p r o t e c t i o n  o f  t h e  u n i t  d u r i n g  abnormal s i t u a t i o n s .  
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A u x i l i a r y  systems a r e  t o  be equipped w i t h  i n s t r u m e n t a t i o n  and c o n t r o l s  t o  mon i to r  

performance and i n i t i a t e  app rop r ia te  remedial  a c t i o n  d u r i n g  upset  c o n d i t i o n s .  

drs 

The c o n t r o l  system f o r  t h e  t u r b i n e  genera tor  i s  t o  p r o v i d e  immediate i n t e r r u p t i o n  

o f  hydrocarbon f l o w  t o  the  t u r b i n e  i n  an emergency shutdown s i t u a t i o n ,  p reven t  

s h a f t  speeds i n  excess o f  120 pe rcen t  o f  synchronous speed d u r i n g  any t r i p  s i t u a -  

t i o n ,  and p r o v i d e  smooth l o a d  changes from minimum t o  maximum genera tor  ou tpu t .  

2.5.5 Pumps 

Most o f  t h e  s t a t i o n  a u x i l i a r y  power i s  consumed by pumping opera t ions .  

c a r e f u l  c o n s i d e r a t i o n  must be g i ven  t o  t h e  s e l e c t i o n  o f  t h i s  equipment i n  o rde r  

t o  ensure optimum n e t  power ou tpu t .  

There fore ,  

Pump s e l e c t i o n  must be based on e f f i c i e n c y ,  i n i t i a l  c o s t ,  o p e r a t i n g  c o n d i t i o n s ,  

turndown c a p a b i l i t y ,  turndown requirements o f  t h e  system, and o p e r a t i n g  cos ts .  

S h a f t  sea ls  must be designed t o  c o n t a i n  t h e  flammable f l u i d s  w i t h i n  t h e  hydrocarbon 

system. 

pumping equipment. 

The f o l l o w i n g  general  requirements a r e  t o  be e s t a b l i s h e d  f o r  t he  p l a n t  

Hydrocarbon C i r c u l a t i o n  Booster Pumps 

The hydrocarbon c i r c u l a t i o n  boos te r  pumps a r e  t o  be o f  t h e  s ing le -s tage ,  double- 

s u c t i o n  type .  

Bear ings a r e  t o  be pressure  l u b r i c a t e d  and t h e  t h r u s t  c o l l a r  i s  t o  be removable. 

T h e s e  pumps are t o  be e q u i p p e d  w i t h  a s h a f t - d r i v e n ,  g e a r - t y p e  o i l  pump and a 

separa te  l ube  o i l  console baseplate-mounted w i t h  a l l  accessory equipment and 

i n t e r c o n n e c t i n g  p i p i n g  necessary f o r  ope ra t i on .  

f u r n i s h e d  from t h e  pump lube  o i l  system. 

The r o t o r  assembly i s  t o  be supported between two j o u r n a l  bear ings .  

Force feed l u b r i c a t i o n  may be 

The pump d r i v e r s  a r e  t o  be e l e c t r i c  motors w i t h  a f l e x i b l e  c o u p l i n g  connect ing  

t h e  pump and motor sha f t s .  

sea ls  t o  c o n t a i n  t h e  pumped f l u i d  d u r i n g  o p e r a t i o n  and d u r i n g  pe r iods  when t h e  

s h a f t  i s  a t  r e s t  and t h e  cas ing  i s  under p ressure .  

The pump s h a f t  i s  t o  be equipped w i t h  mechanical 

The pumps and d r i v e r s  a r e  t o  be s u i t a b l e  f o r  ou tdoor  i n s t a l l a t i o n  i n  a Class 1, 

D i v i s i o n  2, Group D area. 
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Hydrocarbon Condensate Pumps 

The hydrocarbon condensate pumps a re  t o  be o f  t h e  v e r t i c a l  m u l t i s t a g e  can-type 

d i r e c t l y  connected t o  v e r t i c a l - t y p e  motor d r i v e r s .  

Mechanical sea ls  a re  t o  be used t o  c o n t a i n  t h e  pumped f l u i d  d u r i n g  opera t i on  and 

when t h e  s h a f t  i s  a t  r e s t  and t h e  cas ing  i s  p ressu r i zed .  

B r i n e  Return Booster Pumps 

These pumps a re  t o  be h o r i z o n t a l l y  s p l i t ,  s i ng le -s tage ,  doub le-suc t ion  u n i t s  

supported on two j o u r n a l  bear ings  designed t o  accommodate t h e i r  own t h r u s t  load .  

Force feed l u b r i c a t i o n  f o r  pump and motor,  i f  necessary, may be p rov ided  by a 

s h a f t - d r i v e n ,  gear - type  o i l  pump. A baseplate-mounted l u b r i c a t i o n  system i s  

p r e f e r a b l e .  

Cool i ng Water C i r c u l a t i o n  Pumps 

Coo l i ng  water  c i r c u l a t i o n  pumps a r e  t o  be e l e c t r i c  motor -d r iven ,  d i r e c t - c o u p l e d  

pumps. 

i m p e l l e r .  The r o t o r  assembly may be supported between two a n t i f r i c t i o n  bear ings ,  

one o f  which would accommodate pump t h r u s t  loads. 

The cas ing  i s  t o  be h o r i z o n t a l l y  s p l i t  w i t h  a s ing le -s tage ,  doub le-suc t ion  

The pumps may be i n s t a l l e d  i n  a p i t  near t h e  c o o l i n g  tower bas in .  

F i r e  Water Pumps 

A d i e s e l - d r i v e n  pump and an e l e c t r i c  mo to r -d r i ven  pump a r e  t o  p r o v i d e  water  f o r  

t h e  p l a n t  f i r e  p r o t e c t i o n  system. 

m a i n t a i n  minimum r e q u i r e d  pressure  on t h e  f i r e  water  system when t h e  f i r e  water  

pumps a r e  i d l e .  

An e l e c t r i c  mo to r -d r i ven  jockey  pump i s  t o  

The f i r e  water pumps, d r i v e r s ,  a n c i l l a r y  equipment and t h e i r  i n s t a l l a t i o n  a r e  t o  

be i n  accordance w i t h  t h e  most recen t  e d i t i o n  o f  t h e  Na t iona l  F i r e  P r o t e c t i o n  

A s s o c i a t i o n  (FPA) Standard No. 20. 

w r i t e r s '  Labora to r ies ,  I n c .  o r  approved by t h e  Assoc ia ted  Fac to ry  Mutual Insurance 

Companies. 

The pump u n i t s  a r e  t o  be l i s t e d  by t h e  Under- 
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Spec ia l  Requirements 

A h y d r o s t a t i c  t e s t  o f  a l l  p ressure  p a r t s ,  a runn ing  t e s t  t o  v e r i f y  p r e d i c t e d  

performance da ta  and a s c e r t a i n  v i b r a t i o n  l e v e l s ,  and an NPSH t e s t  i s  t o  be con- 

ducted on t h e  hydrocarbon c i r c u l a t i o n  boos te r  pumps, t h e  hydrocarbon condensate 

pumps, t h e  b r i n e  boos te r  pumps and t h e  c o o l i n g  water c i r c u l a t i o n  pumps. 

o f  t h e  f i r e  water  pumps i s  t o  be i n  accordance w i t h  FPA Standard No. 20. 

T e s t i n g  

The hydrocarbon c i r c u l a t i n g  boos te r  and t h e  hydrocarbon condensate pumps a re  t o  

be s u i t a b l e  f o r  ou tdoor  i n s t a l l a t i o n  i n  a Class 1, D i v i s i o n  2, Group D area. 

The b r i n e  boos te r  pumps and t h e  c o o l i n g  tower c i r c u l a t i o n  pumps and d r i v e r s  a re  

a l s o  t o  be s u i t a b l e  f o r  ou tdoor  i n s t a l l a t i o n .  

2.5.6 Coo l i ng  Tower 

The c o o l i n g  tower i s  t o  be designed w i t h  a 10Fo (6C0) approach t o  t h e  wet b u l b  

temperature o f  8OoF (27OC). 

t o  c i r c u l a t e  about 140,000 gpm (31,792 m3/hr) o f  water  th rough t h e  p l a n t .  

The c o o l i n g  tower pumping system i s  t o  be designed 

F i n a l  c o o l i n g  tower s e l e c t i o n  i s  t o  be based on such f a c t o r s  as t h e  c a p i t a l  c o s t ,  

annual o p e r a t i n g  and maintenance cos ts ,  water  consumption requirements,  no ise  

l e v e l s ,  appearance, he igh t ,  and t h e  e f f e c t  o f  d r i f t  on ad jacen t  p roper t y .  

Determin ing  t h e  s i z e  o f  t h e  c o o l i n g  tower c e l l s  r e q u i r e s  c o n s i d e r a t i o n  o f  turndown 

c h a r a c t e r i s t i c s  as w e l l  as optimum f a n  c h a r a c t e r i s t i c s  s ince  w i n t e r  temperatures 
can approach 19OF (-7OC). 

t o  be used f o r  t h e  induced d r a f t  tower. 

p rov ided.  

Ad jus tab le  f a n  b lades  w i t h  e l e c t r i c  motor d r i v e s  a re  

A f i r e  suppression system i s  a l s o  t o  be 

2.5.7 Heat Exchangers 

A l l  hea t  exchangers a r e  t o  be designed and manufactured i n  accordance w i t h  a l l  

a p p l i c a b l e  standards and codes. I f  p r a c t i c a b l e ,  a l l  hea t  exchangers a re  t o  be 

assembled and h y d r o s t a t i c a l l y  t e s t e d  a t  t h e  manufac tur ing  f a c i l i t y .  

t h e i r  p h y s i c a l  s i z e  and we igh t ,  t h e  hydrocarbon condensers w i l l  p robab ly  r e q u i r e  

f i e l d  assembly. 

Because o f  
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Brine/Hydrocarbon Heat Exchangers 

A m u l t i p l e  s e t  o f  carbon s t e e l  heat  exchangers i s  t o  be u t i l i z e d  t o  heat  t h e  

hydrocarbon work ing  f l u i d  t o  about 305OF (152OC) w i t h  b r i n e  a t  an i n i t i a l  bot tom 

h o l e  temperature o f  about 36OOF (182OC). The u n i t s  a re  t o  be designed t o  heat  

t h e  hydrocarbon t o  305OF (152OC) when t h e  b r i n e  temperature decreases t o  338OF 

( 1 8 1 O C ) .  

m a i n t a i n  a cons tan t  b r i n e  r e t u r n  temperature.  

The heat  con ten t  i s  t o  be sus ta ined  by i n c r e a s i n g  t h e  f l o w  i n  o rde r  t o  

Hydrocarbon Condensers 

The hydrocarbon condensers a re  t o  be manufactured w i t h  carbon s t e e l  s h e l l s ,  

a d m i r a l t y  metal  tubes and water  boxes o f  l i n e d  carbon s t e e l .  These condensers 

a r e  t o  be o f  t h e  s h e l l  and tube- type w i t h  i n t e r n a l  vapor i n l e t  d i s t r i b u t i o n .  The 

h o t  w e l l s  a re  t o  be designed t o  s t o r e  approx imate ly  one minute o f  condensate 

f l ow .  

Pressure losses  i n c u r r e d  a f t e r  t h e  work ing  f l u i d  i s  exhausted from t h e  t u r b i n e  

a r e  c r i t i c a l  t o  o v e r a l l  p l a n t  e f f i c i e n c y  and must be min imized by  p roper  des ign  

o f  t h e  condenser and t h e  i n t e r c o n n e c t i n g  p i p i n g  between t h e  t u r b i n e  and condenser. 

The hydrocarbon pressure  on t h e  s h e l l  s i d e  w i l l  exceed t h e  c o o l i n g  water  p ressure  

i n  t h e  tubes. The tube/tube sheet j o i n t  and t h e  tubes a re  t o  be designed t o  

min imize  t h e  r i s k  o f  leakage o f  hydrocarbon t o  t h e  water  and subsequent re lease  

of hydrocarbon t o  t h e  atmosphere v i a  t h e  c o o l i n g  tower. 

t i o n ,  a d e t e c t o r  i s  t o  be i n s t a l l e d  i n  t h e  c o o l i n g  water  r e t u r n  l i n e  t o  i n i t i a t e  

an a la rm s i g n a l l i n g  hydrocarbon leakage i n t o  t h e  c o o l i n g  water  system. 

As an a d d i t i o n a l  precau- 

2.5.8 E l e c t r i c a l  Equipment 

All  t rans formers ,  sw i tchgear  and c o n t r o l l e r s  f o r  t h e  34.5 kV, 13.8 kV, 4160 v o l t ,  

and 480 v o l t  e l e c t r i c a l  systems a r e  t o  be designed, manufactured, and t e s t e d  i n  

accordance w i t h  a p p l i c a b l e  s e c t i o n s  o f  A N S I  and NEMA standards. 
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ios Generator Transformer 

The genera tor  t rans fo rmer  i s  t o  t r a n s f e r  t h e  gross o u t p u t  o f  t h e  13.8 kV genera tor  

t o  t h e  34.5 kV bus i n  t h e  p l a n t  sw i tchyard .  Th is  t rans fo rmer  i s  t o  be designed 

f o r  outdoor i n s t a l l a t i o n  w i t h  ambient temperatures o f  approx imate ly  19OF ( - 7 O C )  

i n  t h e  w i n t e r  and 120°F (49OC) i n  t h e  summer and a sun r a d i a t i o n  temperature o f  

18OOF (82OC). The t rans fo rmer  i s  t o  be l i q u i d  immersed w i t h  a del ta-connected, 

low-vo l tage w ind ing  and a wye-connected, s o l i d l y  grounded h igh -vo l tage  winding. 

The u n i t  i s  t o  be p rov ided  w i t h  a t a p  changer and s tandard  accessor ies .  

S t a t i o n  Serv i ce  Transformer 

The 34.5 kV/4160 v o l t  s t a t i o n  s e r v i c e  t rans fo rmer  i s  t o  be designed t o  handle t h e  

t o t a l  s t a t i o n  a u x i l i a r y  power demand and a l s o  accommodate t h e  power i n r u s h  f o r  

s t a r t i n g  a motor r a t e d  a t  approx imate ly  4000 hp. 

Th is  t rans fo rmer  i s  t o  be s u i t a b l e  f o r  ou tdoor  i n s t a l l a t i o n  w i t h  ambient tempera- 

t u r e s  t h a t  range from 19OF ( - 7 O C )  i n  t h e  w i n t e r  t o  120°F (49OC) i n  t h e  summer and 

a sun r a d i a t i o n  temperature o f  18OOF (82OC). 

w i t h  a de l ta -connected  h igh -vo l tage  w ind ing  and a low r e s i s t a n c e  grounded wye- 

connected low-vo l tage winding. 

s tandard  accessor ies .  

The u n i t  i s  t o  be l i q u i d  immersed, 

The u n i t  i s  t o  be p rov ided  w i t h  a t a p  changer and 

A u x i l i a r y  Transformers 

The 4160/480 v o l t  a u x i l i a r y  t rans fo rmers  a re  t o  be s t r a t e g i c a l l y  l o c a t e d  th roughout  
t h e  p l a n t  t o  supp ly  t h e  power demand o f  t h e  480 v o l t  d i s t r i b u t i o n  system. 

The t rans formers  may be l o c a t e d  indoors  o r  outdoors.  

v e n t i l a t e d  d ry - t ype  w i t h  de l ta -connected  h igh -vo l tage  w ind ings  and s o l i d l y  grounded 

wye-connected low-vo l tage windings. 

t a p  changer and a f u l l  complement o f  s tandard  accessor ies.  

These u n i t s  a r e  t o  be t h e  

The t rans fo rmers  a r e  t o  be equipped w i t h  a 

Medium-Voltage Switchgear 

Switchgear f o r  t h e  4160-vo1tY 3-phase, 60-her tz  d i s t r i b u t i o n  system i s  t o  be 

designed w i t h  cont inuous c u r r e n t  and i n t e r r u p t i n g  c a p a b i l i t y  t o  s a t i s f y  t h e  
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o v e r a l l  system requirements.  

l a t i o n .  The s t r u c t u r e s  a re  t o  be metal  c l a d  f r e e s t a n d i n g  dead- f ron t  s t e e l  cab ine ts  

t h a t  c o n t a i n  t h e  power buses, removable power c i r c u i t  breakers,  and a l l  necessary 

a n c i l l a r y  c o n t r o l  devices.  

Th is  sw i tchgear  i s  t o  be s u i t a b l e  f o r  i ndoor  i n s t a l -  

Low-Vol tage S w i  t chgear  

Switchgear f o r  t h e  480-vo l t ,  3-phase, 60-her tz  d i s t r i b u t i o n  system i s  t o  be 

designed w i t h  cont inuous c u r r e n t  and i n t e r r u p t i n g  c a p a b i l i t y  t o  meet the  o v e r a l l  

system requirements.  

Th is  switchgear i s  t o  be t h e  indoor - type ,  metal  enclosed f rees tand ing  dead- f ron t  

s t e e l  s t r u c t u r e s  t h a t  c o n t a i n  power buses, removable c i r c u i t  b reakers ,  and a l l  

necessary a n c i l l a r y  devices.  

Medium-Voltage C o n t r o l l e r s  

C o n t r o l l e r  assemblies f o r  t h e  4160-vo l t ,  3-phase, 60-her tz  d i s t r i b u t i o n  system 

a r e  t o  be NEMA Class EZ w i t h  cont inuous c u r r e n t  and i n t e r r u p t i b l e  c a p a b i l i t y  t o  

meet t h e  o v e r a l l  system requirements.  The assemblies a re  t o  be t h e  indoor - type ,  

metal  enclosed f r e e s t a n d i n g  dead- f ron t  s t e e l  s t r u c t u r e s  t h a t  c o n t a i n  power buses, 

c i r c u i t  breakers,  and necessary a n c i l l a r y  devices.  

Low-Vol tage Motor Con t ro l  Centers 

Motor c o n t r o l  cen te rs  f o r  t h e  480-vo l t ,  3-phase, 60-her tz  d i s t r i b u t i o n  system a re  

t o  be NEMA Class I w i t h  Type B w i r i n g .  

con t inuous  c u r r e n t  and i n t e r r u p t i n g  c a p a b i l i t y  t o  meet t h e  o v e r a l l  system r e q u i r e -  

ments. Motor c o n t r o l  cen te rs  a r e  t o  be indoor - type ,  metal  enclosed f r e e s t a n d i n g  

dead- f ron t  s t e e l  s t r u c t u r e s  c o n t a i n i n g  power buses, drawout c i r c u i t  b reaker - type  

combina t ion  s t a r t e r  u n i t s ,  drawout feeder  c i r c u i t  b reakers ,  and a l l  necessary 

a n c i l l a r y  devices.  

T h i s  equipment i s  t o  be designed w i t h  

Emergency Power Supply 

A l e a d  a c i d ,  ba t te ry -powered 1 2 0 - v o l t  dc system i s  t o  p r o v i d e  t h e  energy f o r  

those i tems r e q u i r i n g  an emergency power source. The b a t t e r i e s  and cha rg ing  

equipment a r e  t o  be s i z e d  t o  s a t i s f y  t h e  requirements o f  t h e  1 2 0 - v o l t  dc system 
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The equipment i s  t o  be s u i t a b l e  f o r  i ndoor  i n s t a l l a t i o n  i n  metal enc losures 

c o n t a i n i n g  power buses, c i r c u i t  b r e a k e r s / s t a r t e r s ,  and a l l  a n c i l l a r y  equipment. 

The b a t t e r y  bank i s  t o  be enclosed i n  a separate room w i t h  adequate v e n t i l a t i o n .  

2.5.9 Pressure Vessels 

A l l  vessels  f o r  t h e  Heber power p l a n t  are t o  be designed, manufactured, and 

t e s t e d  i n  accordance w i t h  a p p l i c a b l e  p o r t i o n s  o f  Sec t i on  V I 1 1  o f  t h e  ASME B o i l e r  

and Pressure Vessel Code and Sa fe ty  Regulat ions of t h e  S ta te  o f  C a l i f o r n i a .  

Vessels r e q u i r i n g  i n t e r n a l  i n s p e c t i o n  a re  t o  be equipped w i t h  a s i x - i n c h  (0.15 m) 

nozz le f o r  cross v e n t i l a t i o n  o f  t h e  u n i t  d u r i n g  i n s p e c t i o n  and maintenance 

a c t  i v i  t i e s  . 

2.5.10 Water Treatment Packages 

Package-type water  t reatment  equipment mounted on baseplates f o r  i n s t a l l a t i o n  as 

an assembly i s  t o  be prov ided.  Water t rea tmen t  packages a re  t o  i n c l u d e :  

Coagulant feed f o r  d e s i l t i n g  canal water.  

S u l p h u r i c  a c i d  feed f o r  pH c o n t r o l  o f  makeup water and c o o l i n g  tower 

water.  

C h l o r i n a t i o n  f a c i l i t i e s  f o r  b a c t e r i a  and algae c o n t r o l  i n  c o o l i n g  water 

and p o t a b l e  water.  

S o l i d  d i spe rsan t  and c o r r o s i o n  i n h i b i t o r  feed f o r  c o o l i n g  water 

0 Coagulant feed f o r  d e s i l t i n g  raw p o t a b l e  water.  

These packages are t o  be designed, manufactured, and t e s t e d ,  i f  r e q u i r e d ,  i n  

accordance w i t h  a l l  a p p l i c a b l e  standards and codes f o r  i n s t a l l a t i o n  i n  t h e  S ta te  

o f  C a l i f o r n i a .  The use o f  manu fac tu re r ' s  standards d u r i n g  f a b r i c a t i o n  and assembly 

of packages i s  t o  be eva lua ted  p r i o r  t o  re lease  f o r  f a b r i c a t i o n .  
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2 . 5 . 1 1  Compressors 

Hydrocarbon Recovery Compressor 

A motor -d r iven ,  r e c i p r o c a t i n g  compressor i s  t o  be u t i l i z e d  i n  t h e  hydrocarbon 

recovery  system. 

w i t h  s u c t i o n  drums, heat  exchangers, a c losed  loop  j a c k e t  water system and a l l  

o t h e r  a n c i l l a r y  equipment f o r  o p e r a t i n g  t h e  system. 

Th is  compressor i s  t o  be purchased as a package u n i t  complete 

A 

The hydrocarbon recovery  system i s  t o  be designed t o  hand e hydrocarbons vented 

d u r i n g  s t a r t - u p  and shutdown o f  i n d i v i d u a l  hydrocarbon equipment, charg ing  and 

c l e a n i n g  opera t i ons  i n v o l v i n g  t h e  e n t i r e  hydrocarbon system, l o a d i n g  and normal 

ope ra t i on  o f  t h e  hydrocarbon s to rage f a c i l i t i e s ,  and opera t i on  o f  t h e  t u r b i n e  

shaft, sea l  i ng f ac i 1 i ti es . 

P l a n t  and Ins t rument  A i r  Compressors 

An e l e c t r i c  mo to r -d r i ven  and a d i e s e l - d r i v e n  a i r  compressor a r e  t o  p r o v i d e  s u f f i -  

cient, p l a n t  and ins t rumen t  a i r  t o  meet t h e  requirements o f  t h e  systems. 

d i e s e l - d r i v e n  u n i t  i s  t o  pe r fo rm as t h e  standby u n i t  and i t s  s t a r t - u p  i s  t o  be 

ac tua ted  by a low-pressure sens ing  dev ice  i n s t a l l e d  i n  t h e  a i r  header. 

The 

Each o f  these r e c i p r o c a t i n g  compressors i s  t o  be a package-type u n i t  w i t h  a l l  

a n c i l l a r y  equipment mounted on basep la tes  f o r  i n s t a l l a t i o n  as an ou tdoor  assembly. 

A c losed  loop  system i s  t o  be u t i l i z e d  f o r  j a c k e t  c o o l i n g .  

2.6 CONTROLS AND INSTRUMENTATION 

2 .6 .1  Measurement 

The f o l l o w i n g  c r i t e r i a  app ly  t o  va r ious  c l a s s i f i c a t i o n s  o f  measurements: 

Flow Measurement 

Energy convers ion  system f l o w  ins t ruments  o f  t h e  d i f f e r e n t i a l  head-type u t i l i z i n g  

a low perm nent  p ressure  l o s s  annu lar  p r imary  element a re  p r e f e r r e d .  Other types  

o f  p r imary  f l o w  elements a re  t o  be cons idered i n  accordance w i t h  t h e  s i t u a t i o n  

and econom cs i nvo l ved .  
n 
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Level Measurement 

Differential pressure (D/P) transmitters are preferred to measure liquid level. 
External, displacer-type transmitters or controllers may be used where D/P 
devices are not practical. Float-type external level switches are preferred for 
alarms and shutdowns. 

Temperature Measurement 

Thermocouples are preferred for measuring process temperatures. 
sheathed thermocouples is most desirable, but other types may be used when neces- 
sary. 

The use of 

Resistance temperature detectors are to be used for applications requiring higher 
accuracy than is available from thermocouples in the measurement range of -238OF 
to 932OF (-150°C to +5OO0C). 
for differential temperature measurement. 

Resistance temperature detectors are a1 so preferred 

Pressure Measurement 

Ranges for pressure transmitters are to be in accordance with the process control 
requirements and are to be selected so that the normal pressure will be indicated 
or recorded between 50 percent and 75 percent of the span. Suppressed ranges are 
to be used on transmitters and controllers when maximum accuracy and control are 
required. 
to which they may be exposed. 

Instruments are to have overrange protection t o  the maximum pressure 

Rotating Equipment Monitoring 

Vibration of Mechanical Equipment 

Continuous vibration monitoring (both radial and axial) and'associated 
shutdown systems are to be installed on all critical rotating equipment. 

Speed Instrumentation 

Speed transmitters are to be of the Ilnoncontact," magnetic pickup-type. 
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Temperature 

The spec ia l  a p p l i c a t i o n s  o f  machinery temperature m o n i t o r i n g  r e q u i r e  c a r e f u l  

c o n s i d e r a t i o n  and t h e  sensors a re  t o  be f u r n i s h e d  by t h e  se lec ted  equipment 

vendor. 

2.6.2 Alarm and Shutdown Systems 

A1 arms 

Cond i t ions  t o  be s i g n a l l e d  by  an a la rm a r e  c l a s s i f i e d  as f o l l o w s :  

0 C r i t i c a l  - Cond i t i ons  t h a t  can c r e a t e  personnel  hazards, damage major  

equipment o r  cause environmental  p o l l u t i o n .  

0 Guides - Cond i t ions  t h a t  must n o t  exceed e s t a b l i s h e d  l i m i t s  f o r  a 

s p e c i f i e d  p e r i o d  o f  t ime.  

Both  v i s i b l e  and a u d i b l e  alarms a re  t o  be p rov ided  i n  an annunc ia to r  system. 

A f t e r  t h e  a u d i b l e  a la rm has been s i l enced ,  t h e  v i s i b l e  a la rm i s  t o  remain u n t i l  

t h e  abnormal c o n d i t i o n  i s  co r rec ted .  

Shutdown Systems 

Shutdown systems a r e  t o  be energ ized d u r i n g  normal ope ra t i on ;  i . e . ,  deenergized 

t o  t r i p .  

It i s  p r e f e r a b l e  t h a t  shutdown devices i n c l u d i n g  a l l  t r a n s m i t t e r s ,  va l ves ,  c u r r e n t  

t r i p s ,  and l o g i c  and r e l a y  cab ine ts  be independent o f  c o n t r o l  loops. 

A l l  shutdown systems a re  t o  be p rov ided  w i t h  a manual r e s e t  where l o c a l  s t a r t - u p  

o r  check ing  i s  necessary. The manual r e s e t  i s  t o  be loca l l y -mounted  near t h e  

equipment c o n t r o l l e d .  

A 
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2.6.3 E l e c t r o n i c  Ins t ruments  

M i n i a t u r e - t y p e  e l e c t r o n i c  ins t ruments  a re  t o  be panel-mounted w i t h  medium t o  

h igh -dens i t y  spacing. A l l  e l e c t r o n i c  i n s t r u m e n t a t i o n  systems a r e  t o  be designed 

f o r  computer c o m p a t i b i l i t y  i n c l u d i n g  "c lean"  power supp l i es ,  p roper  grounding, and 

s h i  e l  d i  ng. 

The f i e l d  s i g n a l  t ransmiss ion  i s  t o  be a two-wire,  4 t o  20 mA dc c u r r e n t ,  except 

f o r  thermocouples, RTD's, ana lyzers ,  and o t h e r  spec ia l  i ns t rumen t  s i g n a l s  which 

may t r a n s m i t  d i r e c t l y  t o  t h e  c o n t r o l  room i n  o rde r  t o  s a t i s f y  des ign  considera- 

t i o n s .  

A l l  c o n t r o l  room i n s t r u m e n t a t i o n  used f o r  t h e  remote c o n t r o l  o f  equipment i s  t o  

be p rov ided  w i t h  l o c a l  auto-manual s t a t i o n s .  The c o n t r o l  room i s  t o  be p rov ided  

w i t h  v i s u a l  i n d i c a t i o n s  t o  s i g n i f y  t h a t  t h e  systems a re  a v a i l a b l e  f o r  c o n t r o l l e d  

opera t i on .  

2.6.4 Pneumatic Ins t ruments  

Pneumatic systems a r e  t o  be u t i l i z e d  f o r  l o c a l  (noncont ro l  room-mounted) loops. 

Pneumatic ins t ruments  a re  t o  opera te  w i t h  a nominal 3 p s i g  (0 .21  kg/m2) t o  15  

p s i g  (1.03 kg/m2) s i g n a l .  

2.6.5 Con t ro l  Valves 

The f l o w  r a t e  t o  be used f o r  de te rm in ing  t h e  v a l v e  s i z e  i s  t o  be e i t h e r  t h e  

maximum determined by  t h e  process engineers o r  1.5 t imes t h e  s p e c i f i e d  normal 

f l o w ,  whichever i s  g rea te r .  

The de te rm ina t ion  o f  c o n t r o l  va l ve  s i z e s  i s  t o  be based on t h e  v a l v e  manu fac tu re r ' s  

p u b l i s h e d  eng ineer ing  da ta  f o r  gases and vapors and t h e  acceptance o f  t h e  s i z i n g  

pressure  drop l i m i t a t i o n  f o r  c a v i t a t i n g  and f l a s h i n g  l i q u i d s .  

Con t ro l  v a l v e  bodies a re  n o t  t o  be l e s s  than  one-ha l f  t h e  nominal p i p e  s i z e  

A i r  a c t u a t o r s  and s p r i n g  r e t u r n  c y l i n d e r s  a r e  t o  be s p e c i f i e d  f o r  a l l  va lves  

i n d i c a t i n g  f a i l - s a f e  a c t i o n  on t h e  system f l o w  sheet. 
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2.6.6 Con t ro l  Panels 

Cen t ra l  Cont ro l  Panel 

The c e n t r a l  c o n t r o l  panel  i s  t o  be a shop- fab r i ca ted  f rees tand ing  des ign  u t i l i z i n g  

t h e  "medium t o  high-densi  ty" concept o f  i ns t rumen t  spacing. 

The l a y o u t  o f  t h e  f r o n t  o f  t h e  panel  i s  t o  be i n  accordance w i t h  good eng ineer ing  

p r a c t i c e  w i t h  p roper  c o n s i d e r a t i o n  g i ven  t o  a c c e s s i b i l i t y  f o r  maintenance and 

opera t i on .  The general  arrangement i s  t o  be i n  accordance w i t h  t h e  f o l l o w i n g  

i n s t r u c t i o n s :  

0 Alarms and i n d i c a t o r s  a re  t o  be p laced  i n  t h e  top  sec t i on .  

0 C o n t r o l l e r s ,  reco rde rs  and i n d i c a t o r s  a re  t o  be p laced  i n  t h e  midd le  

sec t i on .  

0 E l e c t r i c a l  equipment c o n t r o l s ,  comprised o f  pushbuttons, runn ing  l i g h t s ,  

e t c . ,  a r e  t o  be p laced  i n  t h e  lower  s e c t i o n  ( o r  bench p o r t i o n )  o f  t h e  

panel .  

Local P a n e b  

Local pane ls  a re  t o  be g e n e r a l l y  o f  t h e  v e r t i c a l - t y p e  des ign  and a r e  t o  be s u i t a b l e  

f o r  unpro tec ted  ou tdoor  i n s t a l l a t i o n .  A l l  dev ices  mounted on l o c a l  pane ls  a r e  t o  

be w a t e r t i g h t  and t h e  panel  des ign  i s  t o  p r o v i d e  t h e  necessary d u s t  p r o t e c t i o n .  

Local  s t a r t  and s top  pushbuttons a re  t o  be mounted on l o c a l  panels.  

2.7 BUILDINGS 

2 .7 .1  Main B u i l d i n g  

The main b u i l d i n g  i s  t o  house t h e  a d m i n i s t r a t i v e  o f f i c e s ,  chemical l a b o r a t o r y ,  

t h e  i ns t rumen t  shop, main swi tchgear ,  c e n t r a l  c o n t r o l  room, and adequate s a n i t a r y  

and shower f a c i l i t i e s  f o r  t h e  occupants. 

n 
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The e n t i r e  b u i l d i n g  i s  t o  be p ressu r i zed  t o  about 0 . 1  i n c h  (2.5 mg/12> o f  water.  

Adequate a i r  c o n d i t i o n i n g  equipment i s  t o  be p rov ided  f o r  t h e  b u i l d i n g .  The use 

o f  "heat  pumps" i s  t o  be cons idered f o r  h e a t i n g  and a i r  c o n d i t i o n i n g  purposes. 

The b a t t e r y  room may be a p a r t  o f  t h e  main b u i l d i n g ,  b u t  d i r e c t  access from t h e  

b a t t e r y  room t o  t h e  p ressu r i zed  p o r t i o n  o f  t h e  main room i s  n o t  t o  be prov ided.  

A separa te  v e n t i l a t i o n  system i s  t o  supply a i r  t o  t h e  b a t t e r y  area. 

The chemical l a b o r a t o r y  i s  t o  be p rov ided  w i t h i n  t h e  con f ines  o f  t h e  main b u i l d i n g  

Th is  l a b o r a t o r y  i s  t o  be equipped i n  such a manner t h a t  those r o u t i n e  chemical 

analyses r e q u i r e d  t o  c o n t r o l  t h e  q u a l i t y  o f  t h e  va r ious  waters used w i t h i n  t h e  

p l a n t  can be performed. The l a b o r a t o r y  must a l s o  c o n t a i n  t h e  equipment necessary 

f o r  pe r fo rm ing  a n a l y s i s  on t h e  hydrocarbon m ix tu res  rece ived,  those i n  s to rage 

and those i n  t h e  energy convers ion  system. 

2.7.2 Shop B u i l d i n g  

A p r e f a b r i c a t e d  shop b u i l d  i s  t o  be p r o v i d e d  t o  per fo rm normal maintenance func t i ons .  

The b u i l d i n g  s h a l l  be f u l l y  a i r  cond i t i oned  and i n c l u d e  ins t rument /  e l e c t r i c a l  

shop, machine shop/tool  room, general  maintenance/welding area, spare p a r t s  and 

s u p p l i e s  s to rage area, and washroom/shower f a c i l i t i e s .  

2.8 SILT REMOVAL PONDS 

The q u a l i t y  o f  water  i n  t h e  Cen t ra l  Main Canal and t h e  Dogwood Canal i s  such t h a t  

about 1500 pounds (680 kg) o f  s i l t  p e r  day must be removed from t h e  makeup water  

p r i o r  t o  i t s  use i n  t h e  c o o l i n g  water  system. 

Two s i l t  removal ponds a re  r e q u i r e d  i n  o rde r  t o  supp ly  c l e a r  water makeup on a 

cont inuous bas i s .  The ponds a r e  t o  be designed t o  c o n t a i n  24 hours o f  raw water  

supp ly  p l u s  an adequate rese rve  f o r  f i r e  p r o t e c t i o n  t o  ensure a supp ly  o f  f i r e  

water  when i r r i g a t i o n  canal  water  i s  n o t  a v a i l a b l e .  The pond des ign  i s  t o  i n c l u d e  

a pump p i t  f o r  t h e  raw water  makeup and f i r e  water  pumps. The pump p i t  i s  t o  be 

equipped w i t h  va l ved  i n t a k e s  from b o t h  ponds and i s  t o  be designed i n  such a 

manner t h a t  two f i r e  water  pumps and one makeup pump can opera te  s imu l taneous ly .  

The ponds can be conver ted  f o r  evapora t i on  use i n  c o n j u n c t i o n  w i t h  a l t e r n a t i v e  

c o o l i n g  water  make-up sources a t  t h e  end o f  t h e  f i r s t  f i v e  years  o f  p l a n t  o p e r a t i o n  

when i r r i g a t i o n  water  i s  no longer  a v a i l a b l e .  
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2.9 PLANT LAYOUT 

A p r e l i m i n a r y  l a y o u t  o f  t h e  power p l a n t  i s  shown on F igu re  2.9. 

and p roduc t i on  i s l a n d  occupy approx imate ly  20 acres (80,938 m2>.  

t h i s  drawing, t h e  p roduc t i on  i s l a n d  i s  l o c a t e d  ad jacen t  t o  t h e  power p l a n t  t o  

minimize heat  and pressure losses d u r i n g  t h e  t r a n s p o r t  o f  t h e  b r i n e .  

The power p l a n t  

As i n d i c a t e d  on 

The energy convers ion equipment i s  shown p o s i t i o n e d  around t h e  t u r b i n e  genera tor  

t o  a l l o w  s h o r t  runs o f  hydrocarbon p i p i n g ,  thereby decreasing t h e  pressure losses.  

Clearance and a c c e s s i b i l i t y  f o r  maintenance i s  a l s o  t o  be o f  p r imary  c o n s i d e r a t i o n  

i n  t h e  p l a n t  l a y o u t .  The main b u i l d i n g / c o n t r o l  room i s  t o  be l o c a t e d  i n  t h e  

v i c i n i t y  o f  t h e  major equipment t o  avo id  excessive l eng ths  o f  c o n t r o l  loops and 

p r o v i d e  t h e  opera to rs  w i t h  easy access t o  t h e  equipment. 

S i l t  removal pumps, c o o l i n g  water  makeup pumps, f i r e  water pumps, and t h e  c o o l i n g  

tower a re  t o  be l o c a t e d  south o f  t h e  energy convers ion area. Cool ing water 

c i r c u l a t i o n  pumps a r e  t o  be l o c a t e d  i n  a p i t  between t h e  energy convers ion area 

and t h e  c o o l i n g  tower. 

The hydrocarbon un load ing  and s torage area i s  t o  be l oca ted  west o f  t h e  energy 

convers ion  area and ad jacen t  t o  a p l a n t  road. 

The f l a r e  s tack  i s  t o  be l o c a t e d  i n  t h e  pond area and p rov ided  w i t h  a s a f e t y  

c i r c l e  r a d i u s  o f  170 f e e t  (52 m) t o  ensure p r o t e c t i o n  o f  personnel  f r o m  thermal 

r a d i a t i o n  o f  t h e  f l a r e  d u r i n g  upset c o n d i t i o n s .  

The t rans fo rmers  and sw i t chya rd  a re  t o  be l o c a t e d  eas t  o f  t h e  energy convers ion  

area and near t h e  t ransmiss ion  l i n e s  t h a t  a re  t o  p a r a l l e l  Dogwood Road. 

Paved roads a re  t o  e n c i r c l e  t h e  p l a n t  and p r o v i d e  access t o  t h e  va r ious  i tems o f  

equipment d u r i n g  maintenance a c t i v i t i e s .  

2.10 OPERATION AND MAINTENANCE 

2.10.1 Manpower 

Opera t i ona l  ph i l osophy  and manpower requirements are t o  be based upon SDG&E 

s t a f f i n g  ph i l osophy  f o r  convent ional  steam genera t i ng  s t a t i o n s .  
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The a n t i c i p a t e d  permanent s t a f f  i s  t o  i n c l u d e  a p l a n t  super in tendent ,  p l a n t  

engineers,  s h i f t  superv isors ,  s h i f t  opera tors ,  a chemist ,  a storekeeper,  a main- 

tenance foreman, maintenance mechanics, and c l e r k s .  Chevron Resources Company, 

t h e  b r i n e  s u p p l i e r ,  i s  t o  supp ly  t h e  manpower necessary t o  operate t h e  b r i n e  

p roduc t i on  and r e i n j e c t i o n  f a c i l i t i e s .  

necessary d u r i n g  normal p l a n t  ope ra t i on .  

Guard s e r v i c e  i s  n o t  a n t i c i p a t e d  t o  be 

Turnaround and maintenance a c t i v i t i e s  w i l l  r e q u i r e  i n t e r m i t t e n t  inc reases  i n  

personnel ,  depending on t h e  work demand. 

p e r i o d s  o f  h i g h  maintenance demand. 

Subcont rac tors  may be r e q u i r e d  d u r i n g  

A d d i t i o n a l  personnel  a re  t o  be t e m p o r a r i l y  assigned t o  t h e  power p l a n t  d u r i n g  

s t a r t - u p  and t h e  t e s t  phases o f  t h e  opera t i on .  

2.10.2 Opera t iona l  Arrangement Concepts 

The power p l a n t  equipment i s  t o  be arranged t o  occupy t h e  minimum amount o f  l a n d  

c o n s i s t e n t  w i t h  t h e  c o n s t r a i n t s  o f  equipment maintenance and p i p i n g  design. The 

b r i n e  h a n d l i n g  equipment i s  t o  be l o c a t e d  as c l o s e  t o  t h e  p r o d u c t i o n  i s l a n d  as 

p r a c t i c a b l e .  

c o n t r o l  access. 

ensure t h a t  p i p i n g  losses  a re  main ta ined w i t h i n  p r a c t i c a b l e  l i m i t s .  

The energy convers ion  system i s  t o  be i s o l a t e d  t o  p r o v i d e  easy f i r e  

The equipment i s  t o  be i n s t a l l e d  w i t h i n  c l o s e  p r o x i m i t y  t o  

The t u r b i n e  genera tor  i s  t o  be an ou tdoor  i n s t a l l a t i o n  mounted on a founda t ion  o f  

minimum acceptab le  h e i g h t  based on an economic a n a l y s i s  o f  i n s t a l l a t i o n ,  mainte- 

nance, and o p e r a t i n g  cos ts .  

t i o n  i n  t h e  arrangement o f  t h e  i n s t a l l a t i o n .  

overhead e l e c t r i c a l  condu i t s  around t h e  t u r b i n e  i s  t o  be avoided i n  o rde r  t o  

p r o v i d e  freedom o f  access. 

Maintenance a c c e s s i b i l i t y  i s  t o  be a major  considera- 

The use o f  overhead l i n e s  and 

Adequate c learance i s  t o  be p r o v i d e d  f o r  a gan t ry - t ype  crane t o  be used d u r i n g  

i n s t a l l a t i o n  and maintenance a c t i v i t i e s .  A d rop  area  i s  t o  be p rov ided  on t h e  

t u r b i n e  end o f  t h e  founda t ion  t o  enable components t o  be lowered t o  grade f o r  

maintenance o r  t r a n s p o r t a t i o n  t o  a shop. 

A l l  va lves ,  c o n t r o l s ,  and i n s t r u m e n t a t i o n  l o c a t e d  i n  and around t h e  t u r b i n e  genera- 

t o r  a re  t o  be access ib le .  

f rom t h e  o p e r a t i n g  f l o o r .  

A l l  i n d i c a t i n g  and r e c o r d i n g  devices a re  t o  be readab le  
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Enclosed ins t rumen t  and c o n t r o l  pane ls  l o c a t e d  near t h e  equipment a r e  t o  be 

access ib le  f o r  maintenance a c t i v i t i e s .  

Heat exchangers a re  t o  be arranged f o r  a c c e s s i b i l i t y  o f  tube c l e a n i n g  and tube 

replacement a c t i v i t i e s .  Pumps a re  t o  be i n s t a l l e d  i n  such a manner t h a t  o p e r a t i n g  

a c t i v i t i e s ,  " i n  p lace"  maintenance, and removal o f  ma jor  components o r  whole 

u n i t s  f o r  replacement o r  shop maintenance can be conducted w i t h  reasonable ease. 

P i p i n g  and e l e c t r i c a l  c o n d u i t  around pumps i s  t o  be i n s t a l l e d  i n  such a manner 

t h a t  t h e  use o f  h y d r a u l i c  cranes ( che r ry  p i c k e r s )  f o r  maintenance purposes i s  n o t  

undu ly  r e s t r i c t e d .  

Water h a n d l i n g  equipment and systems a r e  t o  be l o c a t e d  a t  a reasonable d i s tance  

from t h e  energy convers ion  area. Pumps, valves,  i ns t rumen ta t i on ,  and c o n t r o l s  

a r e  t o  be access ib le  f o r  o p e r a t i n g  and maintenance a c t i v i t i e s .  

The energy convers ion  area i s  t o  be covered w i t h  a ha rd  su r face  capable o f  hand l i ng  

maintenance equipment such as h y d r a u l i c  cranes and t h e i r  loads, p o r t a b l e  a i r  

compressors, and loaded t rucks .  Hard-surfaced areas a r e  t o  be p rov ided  around 

equipment l o c a t e d  beyond t h e  energy convers ion  area  f o r  access by opera to rs ,  

maintenance personne l ,  and equipment. 

Hard-surfaced roads a r e  t o  be p rov ided  f o r  access t o  t h e  va r ious  i tems o f  equipment 

th roughout  t h e  power p l a n t .  

loaded t r u c k s ,  and hydrocarbon tank  t r u c k s .  

access f rom one area  t o  another f o r  b o t h  ope ra t i on  and maintenance personne l .  

Such roads a r e  t o  accommodate maintenance equipment, 

Paved walkways a r e  t o  p r o v i d e  d i r e c t  

Any areas covered by vege ta t i on  a r e  t o  be i r r i g a t e d  t o  m a i n t a i n  growth and reduce 

t h e  amount o f  f u g i t i v e  d u s t  w i t h i n  t h e  power p l a n t .  

2.10.3 Maintenance EauiDment 

A gan t ry - t ype  crane capable o f  l - i f t i n g  t h e  h e a v i e s t  s i n g l e  component o f  t h e  

t u r b i n e  genera tor  d u r i n g  maintenance a c t i v i t i e s  is t o  be p rov ided  on t h e  o p e r a t i n g  

deck. 

d e p o s i t  loads  i n t o  t h e  drop area a t  t h e  end o f  t h e  t u r b i n e  genera tor  foundat ion .  

Th is  crane should be a b l e  t o  t r a v e r s e  t h e  l e n g t h  o f  t h e  o p e r a t i n g  deck and 

An overhead crane i s  t o  be p rov ided  f o r  hand l i ng  one-ton c h l o r i n e  c y l i n d e r s  i n  

t h e  water  t rea tmen t  area. 

G 
2-41 



The p o s s i b i l i t y  o f  purchas ing  mobi le  cranes f o r  use d u r i n g  c o n s t r u c t i o n  and 

subsequent ly f o r  p l a n t  maintenance i s  t o  be evaluated. 

The maintenance shop i s  t o  be equipped w i t h  a motor ized  overhead b r i d g e  crane 

capable o f  l i f t i n g  t h e  heav ies t  s i n g l e  component t h a t  t h e  maintenance department 

a n t i c i p a t e s  hand l i ng  i n  t h e  shop. 

Cons ide ra t i on  i s  t o  be g i ven  t o  t h e  i n s t a l l a t i o n  o f  permanent maintenance a ids ,  

such as d a v i t s ,  f o r  a s s i s t i n g  i n  t h e  removal o f  manways, r e l i e f  va lves,  e t c .  

Removable covers p r o v i d i n g  shade f o r  workers a re  t o  be f u r n i s h e d  f o r  those areas 

t h a t  r e q u i r e  a s i g n i f i c a n t  amount o f  maintenance a c t i v i t y  d u r i n g  overhauls.  

2 . 1 1  RELIABILITY 

A p r imary  o b j e c t i v e  o f  t h e  Heber power p l a n t  i s  t o  demonstrate a long- term 

ava i  l a b i  1 i ty f a c t o r  o f  a t  l e a s t  70 percent .  

Because t h e  p l a n t  i s  a demonst ra t ion  f a c i l i t y ,  equipment and c o n t r o l s  are t o  be 

designed t o  p r o t e c t  t h e  persons i n  and around t h e  f a c i l i t y ,  t o  p r o t e c t  t h e  env i ron -  

ment, t o  safeguard t h e  equipment from se r ious  damage, and t o  m a i n t a i n  r e l i a b l e  

o p e r a t i o n  a t  f u l l  load. 

I tems such as i n s t a l l e d  spare c a p a c i t y ,  spare standby equipment, t h e  c a p a b i l i t y  

o f  i s o l a t i n g  equipment f o r  maintenance w h i l e  t h e  p l a n t  i s  i n  ope ra t i on ,  and 

d u p l i c a t e  c o n t r o l  systems a r e  t o  be eva lua ted  w i t h  adequate c o n s i d e r a t i o n  g i ven  

t o  meet ing t h e  r e l i a b i l i t y  o b j e c t i v e s  noted above. 

Economic e v a l u a t i o n  based on opera t i ng ,  maintenance, and i n i t i a l  c o s t  f a c t o r s  a re  

t o  be performed i n  s e l e c t i n g  t h e  amount o f  spare equipment t o  be p r o v i d e d  i n  

warehouse storage. The e f f e c t  upon u n i t  a v a i l a b i l i t y  r e s u l t i n g  f r o m  t h e  l o s s  o f  

a pump, heat  exchanger, o r  vessel  i s  t o  be cons idered i n  s e l e c t i n g  t h e  amount o f  

spare c a p a c i t y  t o  be i n i t i a l l y  i n s t a l l e d .  

D u p l i c a t e  c o n t r o l  systems should n o t  be p rov ided  w i t h o u t  a thorough i n v e s t i g a t i o n  

and e v a l u a t i o n  o f  t h e  need f o r  such d u p l i c a t i o n .  D i r e c t  pressure and temperature 

i n d i c a t i o n s  are t o  be p rov ided  as backup f o r  c o n t r o l  system components i n  c r i t i c a l  
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2 .12  SECURITY 

and/or separate level indicat ions a re  t o  be provided where mainte- 
s i s  c r i t i c a l  t o  the process o r  equipment. 

The jobs i t e  i s  t o  be fenced around the perimeter t o  l i m i t  access t o  the f a c i l i t y  

t h r o u g h  prescribed gates only. 
by operators o r  maintenance personnel a re  t o  be adequately l ighted t o  discourage 
intruders .  Twenty-four hour  a day secur i ty  i s  t o  be provided by guards t o  protect 
the f a c i l i t y  from intruders  d u r i n g  construction. 

Outlying areas and/or areas usually n o t  inhabited 
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Sec t ion  3 

OPTIMIZATION STUDIES 

Th is  s e c t i o n  r e p o r t s  t h e  work performed as a p a r t  o f  t h e  des ign  development and 

o p t i m i z a t i o n  process. 

developed by  Hol t /Procon under c o n t r a c t  t o  E P R I  and used as a p o i n t  o f  depar tu re  

f o r  t h e  work desc r ibed  i n  t h i s  sec t i on .  

E P R I  I n t e r i m  Report  1 dated August 1978(20) - ( E P R I  ER-863, P r o j e c t  580-2). 

It inc ludes  rev iew  o f  t h e  Phase I r e s u l t s  t h a t  were 

E a r l i e r  work i n  Phase I1  was r e p o r t e d  i n  

3 . 1  PHASE I RESULTS 

Phase I cons s t e d  o f  a s e r i e s  o f  conceptual  and economic feas  

performed by Hol t /Procon (1, 2, 3, 6, 7). These s t u d i e s  were 

E P R I  Research P r o j e c t  No. 580-1. 
- - -  

3 . 1 . 1  Major  Phase I Conclusions 

b i l i t y  s t u d i e s  

completed under 

The Phase I s t u d i e s  concluded t h a t  a geothermal power p l a n t  u s i n g  low s a l i n i t y  

hydrothermal f l u i d  i s  f e a s i b l e ,  and t h a t  a n e t  p l a n t  o u t p u t  o f  about 50 MWe would 

be an optimum c a p a c i t y  f o r  a demonst ra t ion  p l a n t  t o  c o n f i r m  t h e  technology, 

demonstrate t h e  economics and s t r e s s  t h e  r e s e r v o i r  a t  t h e  l owes t  p r o j e c t  cos t .  

o v e r a l l  l o c a t i o n  f o r  a demonst ra t ion  geothermal power p l a n t  based on t h e  informa- 

t i o n  a v a i l a b l e  i n  1976. 

The Heber r e s e r v o i r  i n  I m p e r i a l  County, C a l i f o r n i a ,  was s e l e c t e d  as the  b e s t  

The cho ice  was based on t h e  f o l l o w i n g  cons ide ra t i ons :  

0 The Heber r e s e r v o i r  was one o f  t h e  most e x t e n s i v e l y  analyzed and b e s t  

de f i ned  r e s e r v o i r s  i n  t h e  U n i t e d  Sta tes .  

0 Conserva t ive  es t imates  o f  t h e  Heber r e s e r v o i r  i n d i c a t e  a p o t e n t i a l  t o  

supp ly  on t h e  o rde r  o f  400 t o  500 MWe f o r  30 years .  

0 The Heber r e s e r v o i  r i s  a ' 1 ow s a l  i n i  t y  , moderate temperature resource 

t y p i c a l  o f  a m a j o r i t y  o f  1 iqu id -dominated  hydrothermal r e s e r v o i r s  i n  

t h e  U n i t e d  Sta tes .  
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The b i n a r y  c y c l e  was s e l e c t e d  as t h e  p r e f e r a b l e  convers ion  process. Th is  c y c l e  

was determined t o  be t e c h n i c a l l y  and economica l l y  f e a s i b l e ,  and env i ronmen ta l l y  

acceptable.  The b i n a r y  c y c l e  was shown t o  be more economical t han  a l t e r n a t e  

processes s t u d i e d  (mu l t i - s tage  f l a s h  steam and a h y b r i d  c y c l e  which i s  a combina- 

t i o n  o f  t h e  f l a s h e d  steam and b i n a r y  cyc les )  f o r  t h e  Heber reservo  

3.2 RESULTS OF PHASE I REVIEW 

One o f  t h e  f i r s t  t asks  i n  Phase I 1  o f  t h e  Heber p r o j e c t  was t o  r e v  

r. 

ew t h e  E P R I  

Phase I stud ies ,  analyze t h e  conceptual  des ign  da ta  and document F l u o r ' s  conc lus ions  

r e s u l t i n g  f rom t h i s  eva lua t i on .  

The major  conc lus ions  from t h i s  e v a l u a t i o n  a re  documented i n  a separate F l u o r  

repo r t@)  and i n  E P R I  I n t e r i m  Report  l(2J) and summarized below: 

a The Phase I thermodynamic da ta  base 

b u t  would r e q u i r e  f u r t h e r  o p t i m i z a t  

was v a l i d  f o r  t h e  c o n d i t i o n s  assumed 

on t o  meet new c r i t e r i a .  

0 The 12 pe rcen t  c y c l e  thermal e f f i c i  ncy d e r i v e d  d u r i n g  Phase I was 

cons idered o p t i m i s t i c  compared t o  F l u o r ' s  es t ima te  o f  10 percent .  

0 The process system des ign  as represented  on t h e  Holt /Procon Process and 

Ins t rumen t  Diagram (P&ID) i s  v a l i d  f o r  use as a base l i ne .  

f u r t h e r  s tudy  would be needed t o  develop and o p t i m i z e  t h i s  design. 

However, 

0 F u r t h e r  work would be r e q u i r e d  t o  i d e n t i f y  and min imize  system pressure  

losses  and improve c y c l e  e f f i c i e n c y .  

3.3 CYCLE SELECTION 

As p r e v i o u s l y  s ta ted ,  t h e  b i n a r y  c y c l e  was s e l e c t e d  d u r i n g  Phase I as t h e  p r e f e r r e d  

energy convers ion  process f o r  t h e  Heber power p l a n t .  

t h e  Phase I design, SDG&E and F l u o r  i d e n t i f i e d  a d d i t i o n a l  c r i t e r i a  t h a t  suggested 

a need f o r  f u r t h e r  e v a l u a t i o n  o f  t h e  d e c i s i o n  t o  use t h e  b i n a r y  cyc le .  

i n  t h i s  rega rd  was t h e  f a c t  t h a t  1) t h e  energy c o s t  had changed, 2) t h e  end o f  

r u n  r e s e r v o i r  temperature had been r e v i s e d  upward and 3) t h e  b r i n e  r e t u r n  tempera- 

t u r e  had t o  be c o n t r o l l e d  t o  a s p e c i f i e d  minimum. 

However, d u r i n g  rev iew  o f  

S i g n i f i c a n t  

Also,  F l u o r ' s  es t ima te  o f  
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l ower  c y c l e  e f f i c i e n c y  p rov ided  f u r t h e r  reason f o r  c o n f i r m i n g  t h e  b i n a r y  c y c l e  

s e l e c t i o n .  

SDG&E, t h e r e f o r e ,  a u t h o r i z e d  F l u o r  t o  pe r fo rm a spec ia l  s tudy  (Work Package T002) 

(9) - t o  eva lua te  and c o n f i r m  t h e  b i n a r y  c y c l e  f o r  t h e  Heber p l a n t .  

and r e s u l t s  o f  t h i s  s tudy  a r e  summarized below. 

The purpose 

The purpose o f  t h e  convers ion  c y c l e  s tudy  was to :  

0 Reevaluate t h e  thermodynamic convers ion  c y c l e  s e l e c t i o n  f o r  t h e  Heber 

s i t e ,  comparing t h e  b i n a r y  c y c l e  and t h e  d i r e c t  f l a s h  steam cyc le .  

0 I n c o r p o r a t e  c u r r e n t  resource  energy c o s t s  and r e f i n e d  des ign  c r i t e r i a ,  

i n c l u d i n g  r e v i s e d  es t imates  o f  mechanical and e l e c t r i c a l  e f f i c i e n c i e s .  

0 Eva lua te  b o t h  cyc les  a t  a p l a n t  c a p a c i t y  o f  45 MWe n e t  power ou tpu t .  

0 Consider and 

s i n g l e  ( l i q u  

pumped w e l l s  

ope ra t i on .  

compare t h e  impact o f  u s i n g  f u l l y  pumped w e l l s  t o  supply 

d) phase b r i n e  t o  t h e  p l a n t  and unpumped o r  p a r t i a l l y  

t o  supp ly  two-phase b r i n e  t o  t h e  p l a n t  f o r  b i n a r y  c y c l e  

he f l a s h  steam c y c l e  would u t i l i z e  unpumped w e l l s .  

0 Reevaluate p l a n t  c a p i t a l  c o s t s  and o p e r a t i n g  cos ts .  

0 Determine t h e  d i f f e r e n t i a l  n e t  power c o s t  f o r  each o f  t h e  convers ion  

c y c l e  op t i ons .  

F i v e  convers ion  c y c l e  cases were s t u d i e d  as f o l l o w s :  

B i n a r y  Cycle 

Case I - Single-phase b r i n e  supp ly  w i t h  1 5 O O F  ( 6 6 O C )  b r i n e  r e t u r n  

Case I1 - Two-phase b r i n e  supp ly  w i t h  15OoF (66OC) b r i n e  r e t u r n  temperature.  

Case I11 - Two-phase b r i n e  supp ly  w i t h  2 O O O F  (93OC) b r i n e  r e t u r n  temperature. 

temperature ( E P R I  Phase I design).  
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D i r e c t  F lash  Steam Cycle 

Case IV - GE Turb ine ,  w i t h  f r e e - f l o w i n g  two-phase b r i n e  supply and 2OOOF 

(93OC) b r i n e  r e t u r n  temperature.  

Case V - E l l i o t t  t u r b i n e ,  w i t h  f r e e - f l o w i n g  two-phase b r i n e  supp ly  and 

2OOOF (93OC) b r i n e  r e t u r n  temperature. 

For b i n a r y  Cases I1 and I11 b r i n e  would be s u p p l i e d  t o  t h e  power p l a n t  as a 

two-phase m i x t u r e  and steam separa tors  were i n c l u d e d  i n  t h e  p l a n t  cos t .  

For  t h e  d i r e c t  f l a s h  steam cases, b r i n e  would a l s o  be supp l i ed  t o  t h e  power p l a n t  

as a two-phase m ix tu re ,  w i t h  s t e a d b r i n e  separa t i on  occu r ing  i n  two steam separa- 

t o r s  arranged i n  s e r i e s .  

Heat and m a t e r i a l  balances were developed f o r  each o f  t h e  f i v e  cases. 

performance f o r  t h e  f i v e  cases i s  shown on Table 3.3. 

P l a n t  

D i f f e r e n t i a l  n e t  power c o s t  f o r  t h e  f i v e  cases i s  d i s p l a y e d  on F igu re  3.3. The 

"midd le  o f  run" d i s c o n t i n u i t y  f o r  Cases I1 and I11 r e s u l t s  f rom a need t o  change 

o u t  t h e  work ing  f l u i d  compos i t ion  and add c a p i t a l  equipment t o  m a i n t a i n  cons tan t  

power o u t p u t  over  t h e  30 yea r  p l a n t  l i f e  w i t h  decreas ing  downhole temperature.  

T h i s  des ign  approach was taken  f rom t h e  Phase I s t u d i e s  and i s  t h e  s u b j e c t  o f  

a d d i t i o n a l  o p t i m i z a t i o n  work desc r ibed  i n  Subsect ion 3.5. Case I uses t h e  same 

des ign  approach b u t  m idd le -o f - run  and end-o f - run  p o i n t s  were n o t  developed. 

The conc lus ions  o f  t h i s  s tudy  were, 1) t h e  b i n a r y  cyc le ,  Case 111, produced a 

lower  n e t  power c o s t  over  t h e  l i f e  o f  t h e  p l a n t  t han  e i t h e r  o f  t h e  d i r e c t  f l a s h  

c y c l e s  (See F igu re  3.3), 2) t h e  b i n a r y  c y c l e ,  Case 11, produced a lower  power 

c o s t  d u r i n g  t h e  s t a r t - o f - r u n  p e r i o d ,  and 3) b o t h  o f  t h e  two-phase b r i n e  supp ly  

b i n a r y  cases produced lower  s t a r t - o f - r u n  power cos ts  as compared t o  Case I .  

Case I11 was t o o  low f o r  p r a c t i c a  

d iscussed f u r t h e r  i n  Subsect ion 3 

t h e  b r i n e  c o s t  t o  t h e  p l a n t  would 

s t r u c t u r e  i s  such t h a t  minimum b r  

However, based on subsequent s tud ies ,  i t  was e s t a b l i s h e d  t h a t  t h e  a v a i l a b l e  

two-phase b r i n e  f l o w  pressure  assoc ia ted  w i t h  t h e  b r i n e  p r i c e  e s t a b l i s h e d  f o r  t h e  

b i n a r y  c y c l e  ope ra t i on .  Th is  problem i s  

6. It was a l s o  l a t e r  e s t a b l i s h e d  t h a t ,  a l t hough  

be computed on a heat  removal bas i s ,  t h e  p r i c i n g  

ne c o s t  would be ob ta ined  by  c o o l i n g  t h e  b r i n e  
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W 
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ul 

BRINE DATA 

FLOW lhlh 

TEMP OOWNHDLE (OF) 

TEMP INTO PLANT (OF) 

TEMP OUT OF PLANT (OF) 

BRINEAH= Oin 1 109 lBTU 

POWER DATA 

GENERATOR GROSS (MWe) 

AUXILIARY LOADS (MWe) 

PLANT NET (MWJ 

PLANT EFFICIENCY % 

CW CIRCULATION (1.000’s GPM) 

BRINE DATA 

FLOW (MKg/h) 

TEMP DOWNHOLE (%I 

TEMP INTO PLANT 1%) 

TEMP OUT OF PLANT (OC) 

BRINEAH-llin (MWI 

POWER DATA 

GENERATOR GROSS (MWe) 

AUXILIARY LOADS (MWc) 

PLANT NET (MWe) 

PLANT EFFICIENCY % 

CW CIRCULATION (M31h) 

TABLE 3.3 

PLANT PERFORMANCE 
(ENGLISH UNITS) 

E l  CASE II CASE I l l  
A B C D A B 

START OF START OF MIDDLE OF MIDDLE OF EN0 OF START OF EN0 OF 
RUN RUN RUN RUN RUN RUN RUN 

7.80 11.87 6.66 6.76 8.01 1 8.07 10.6 

360 360 345 345 325 360 325 

340 305 360 340 325 325 305 

150 150 166 I50 174 200 200 

1.39 1.42 1.43 1.57 1.61 1.25 1.48 

57.7 58.5 59.1 63.7 64.9 585 63.6 

12.7 13.5 14.1 18.7 19.9 13.5 18 6 

45 45 45 45 45 45 45 

11.05 10.81 10.73 9.78 9.54 12.28 10.37 

123 125 126 I71 175 116 159 

(METRIC UNITS) 

CASE I CASE II CASE Ill 

A B C 0 4 
START OF START OF MIODLE OF MIOOLE OF END OF START OF 

RUN RUN RUN RUN RUN RUN 

3.02 3 06 3.63 

182 182 174 

182 171 163 

66 66 74.5 

407 416 419 

57.7 58.5 59.1 

12.7 13.5 14.1 

45 45 45 

11.05 10.81 10.73 

28,000 28,400 28.600 

3.66 

174 

163 

66 

460 

63.7 

18.7 

45 

9.78 

38.800 

4.81 3.53 

163 182 

152 171 

79 93 

472 366 

64 9 58.5 

19.9 13 5 

45 45 

9.54 12.28 

39,800 26.400 

8 
EN0 OF 

RUN 

5.38 

163 

152 

93 

434 

63.6 

18.6 

45 

10.37 

36.100 

CASE IV 
GEN ELEC GEN ELEC 
START OF EN0 OF 

RUN RUN 

8.79 12.42 

3 60 325 

340 305 

197 200 

1.43 1.55 

52.4 54.05 

7.4 9.05 

45 45 

10.73 9.91 

149 156 

CASE IV 

GEN ELEC GEN ELEC 
STARTOF EN0 OF 

RUN RUN 

3.98 5.64 

182 163 

171 152 

91.6 93 

419 454 

52.4 54.05 

7.4 9.05 

45 45 

10.73 9 91 

33,800 35.400 

CASE V 
ELLIOTT ELLIOTT 

START OF EN0 OF 
RUN RUN 

9.57 13.00 

360 325 

340 305 

198 200 

1.55 1 6 3  

53.1 54.3 

8.1 9.3 

45 45 

9.91 9.42 

153 158 

CASE V 

ELLIOTT 
START OF 

RUN 

4.34 

182 

171 

92.3 

454 

53.1 

81 

45 

9 91 

34.800 

ELLIOTT 
EN0 OF 

RUN 

5.9 

163 

152 

93 

478 

54.3 

9 3  

45 

9.42 

35.900 
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FIGURE 3.3 
DIFFERENTIAL NET POWER COST 

CASE II C3 ic4 

CASE Ill 
C3 iC4 

iC4 iC5 

NOTE: 
CASES I, II & Ill REQUIRE A CHANGE I N  
WORKING FLUID A N D  ADDITIONAL 
H E A T  T R A N S F E R  E Q U I P M E N T  A T  
MIDDLE OF R U N  I N  ORDERTO M A I N T A I N  
CONSTANT POWER OUTPUT OVER THE 
30 YEAR PLANT LIFE WITH DECREASING 
D O W N  HOLE TEMPERATURE. 

I 

START OF R U N  M I D D L E O F  RUN END OF RUN 
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as c l o s e  as p o s s i b l e  t o  t h e  15OOF (66OC) minimum b r i n e  r e i n j e c t i o n  temperature 

e s t a b l i s h e d  by Chevron. 

Case I1  s u f f e r e d  a s i m i l a r  temperature p e n a l t y ,  however, t h e  r e t u r n  temperature 

problem was avoided, s ince  a 15OOF (66OC) b r i n e  r e t u r n  temperature was s p e c i f i e d .  

F u r t h e r  work by  t h e  b r i n e  s u p p l i e r ,  performed a f t e r  t h i s  s tudy  was completed, 

i d e n t i f i e d  t h e  b r i n e  c o s t  f o r  an e leva ted  b r i n e  supp ly  p ressure  (see Subsect ion 

3.6). Th i s  c o s t  i s  cons ide rab ly  h i g h e r  than t h e  cos ts  a v a i l a b l e  f o r  t h i s  s tudy  

and c l o s e l y  approached t h e  s i n g l e  phase b r i n e  feed cos t .  

F i g u r e  3.3 shows two d i r e c t  f l a s h  cases (Cases I V  and V) .  Case I V  u t i l i z e s  a 

General E l e c t r i c  steam t u r b i n e ,  w h i l e  Case V u t i l i z e s  an E l l i o t t  steam t u r b i n e .  

The two curves rep resen t  t h e  n e t  power c o s t  d i f f e r e n t i a l  which c o u l d  be expected 

from t h e  two i n s t a l l a t i o n s ,  recogn iz ing  d i f f e r e n c e s  i n  b o t h  t u r b i n e  e f f i c i e n c y  

and c a p i t a l  c o s t .  

These developments cause t h e  b i n a r y  c y c l e  power c o s t  t o  approach t h e  power c o s t  

o f  t h e  d i r e c t  f l a s h  cyc le .  However, power cos ts  s t i l l  remain s l i g h t l y  lower and 

t h e  s e l e c t i o n  o f  t h e  b i n a r y  c y c l e  f o r  t h e  Heber p l a n t  remains v a l i d .  

d i r e c t  f l a s h  c y c l e  r e q u i r e s  approx imate ly  38 pe rcen t  more b r i n e  f l o w  than t h e  

b i n a r y  cyc le .  Th is  r e s u l t s  f rom t h e  sma l le r  d i f f e r e n t i a l  temperature,  i . e . ,  

21OOF (98.9OC) f o r  t h e  b i n a r y  c y c l e  versus 16OOF (71.1OC) f o r  t h e  f l a s h  c y c l e .  

The b i n a r y  c y c l e  thermal e f f i c i e n c y  i s  a l s o  about 10 pe rcen t  h ighe r  than a 

d i r e c t  f l a s h  cyc le .  

Also, t h e  

3.4 WORKING FLUID S E L E C T I O N  

The o b j e c t i v e  o f  t h i s  s tudy  was t o  c o n f i r m  t h e  v a l i d i t y  o f  t h e  cho ice  o f  work ing  

f l u i d  t h a t  r e s u l t e d  f rom t h e  Phase I study. 

t o  use two hydrocarbon m ix tu res .  A m i x t u r e  o f  80 mol pe rcen t  i sobutane and 20 

mol pe rcen t  isopentane was t o  be used f o r  i n i t i a l  o p e r a t i o n  cor respond ing  t o  

b r i n e  supp ly  temperatures o f  36OOF (182OC) down t o  345OF (174OC) and t u r b i n e  

i n l e t  c o n d i t i o n s  o f  500 p s i a  (3450 kPa) and 295OF (146OC). Condenser o u t l e t  

c o n d i t i o n s  were 70.3 p s i a  (484 kPa) and 104.4OF (40.2OC). 

f l u i d  was t o  change t o  90 mol pe rcen t  i sobutane and 10 mol pe rcen t  propane f o r  

b r i n e  temperatures below 345OF (174OC) down t o  an end-of-run temperature o f  325OF 

(163OC) and t u r b i n e  i n l e t  c o n d i t i o n s  were s e t  a t  590 p s i a  (4070 kPa) and 285OF 
(141'C). 

The concept developed i n  Phase I was 

A t  mid-run, t h e  b i n a r y  

Condenser o u t l e t  c o n d i t i o n s  were 9 4 . 1  p s i a  (648 kPa) and 105OF (40.5OC). 
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The f i r s t  s tep  i n  t h e  v a l i d a t i o n  process was t o  eva lua te  t h e  e a r l i e r  work ing  

f l u i d  s e l e c t i o n .  These eva lua t i ons  were performed w i t h  t h e  f o l l o w i n g  o b j e c t i v e s :  

0 Assess a l t e r n a t e  work ing  f l u i d s  and r e c o n f i r m  t h e  s e l e c t i o n  o f  a hydro- 

carbon as t h e  b i n a r y  work ing  f l u i d .  

0 Consider c y c l e  e f f i c i e n c y ,  p l a n t  economics, s a f e t y  and environmental  

c r i t e r i a  i n  t h e  eva lua t i on .  

W i th  these o b j e c t i v e s  i n  mind, F l u o r  i n i t i a t e d  a s tudy  t o  i n v e s t i g a t e  t h e  use o f  

water  as t h e  work ing  f l u i d  as an a l t e r n a t i v e  t o  t h e  hydrocarbon b i n a r y  c y c l e  and 

t h e  d i r e c t  f l a s h  steam cyc le .  

exchanger and a two-stage f l a s h  system t o  d r i v e  a steam t u r b i n e .  

was cons idered so as t o  i n c l u d e  a non tox i c  nonflammable work ing  f l u i d  i n  t h e  

comparison. The s tudy  showed t h a t  t h e  d i r e c t  f l a s h  steam c y c l e  would have a 

h i g h e r  overall p l a n t  e f f i c i e n c y  than  t h e  water b i n a r y  system. It a l s o  showed 
t h a t  t h e  water  b i n a r y  system would produce a h ighe r  c y c l e  e f f i c i e n c y  than  t h e  

hydrocarbon b i n a r y  cyc le ;  however, t h i s  r e q u i r e d  a h i g h e r  b r i n e  r e t u r n  temperature,  

and a h i g h e r  b r i n e  f l o w  r a t e ,  r e s u l t i n g  i n  a h i g h e r  resource  energy c o s t  and a 

co r respond ing ly  h ighe r  power cos t .  

The c y c l e  eva lua ted  would use a b r ine /wa te r  hea t  

Th is  a l t e r n a t e  

Other a l t e r n a t e  b i n a r y  c y c l e  work ing  f l u i d s  were s t u d i e d  i n  o rde r  t o  determine 

whether hydrocarbons were t h e  b e s t  choice.  

r e p o r t  da ted  on January 11, 1978. The work ing  f l u i d s  s t u d i e d  were: carbon 

d i o x i d e ,  ammonia, halocarbons, and hydrocarbons. 

Th is  work was documented i n  a p r o j e c t  

The use o f  carbon d i o x i d e  and ammonia were e l i m i n a t e d  from c o n s i d e r a t i o n  based on 

t h e i r  thermodynamic p r o p e r t i e s :  

0 Carbon d i o x i d e  has a c r i t i c a l  temperature o f  87.8OF (31'C) and w i l l  

t h e r e f o r e  n o t  condense a t  t h e  90°F (32OC) o r  h ighe r  c o o l i n g  water  

temperature.  

0 An ammonia c y c l e  would r e q u i r e  a work ing  f l u i d  p ressure  o f  about 1000 

p s i a  (6895 kPa) t o  p r o v i d e  e f f i c i e n t  energy conversion. Th is  would 

l e a d  t o  s u b s t a n t i a l l y  h ighe r  p l a n t  c a p i t a l  and o p e r a t i n g  cos ts .  Also,  

a l t hough  t h e r m a l l y  s t a b l e ,  ammonia i s  h i g h l y  t o x i c  and flammable and 
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t h e r e f o r e  o f f e r s  no s a f e t y  o r  environmental  advantages over  t h e  hydro- 

carbons o r  halocarbons. 

The halocarbons were a l s o  s t u d i e d  as an a l t e r n a t i v e  t o  hydrocarbons. 

c o m p e t i t i v e  halocarbons were i d e n t i f i e d  t o  be R114 and R12. 

were a l s o  demonstrated t o  be loss d e s i r a b l e  than t h e  hydrocarbons f o r  t h e  f o l l o w i n g  

reasons: 

The most 

These work ing  f l u i d s  

0 Halocarbon thermodynamic p r o p e r t i e s ,  when compared t o  hydrocarbons, 

produce lower  u n i t  power ou tpu t ,  as shown on Table 3.4: 

TABLE 3.4 

COMPARATIVE POWER OUTPUT 

Net Power Output 
Working F l u i d  MM KW/pound o f  b r i n e / h r  (KW/Mkg/hr) 

Isobutane 

R12 

R114 

8200 (18,100) 

6700 (14,800) 

7300 (16,100) 

0 The l i g h t  a l i p h a t i c  hydrocarbons proposed f o r  a b i n a r y  c y c l e  a re  t h e r -  

m a l l y  s t a b l e  a t  t h e  3OOOF (149OC), 550 p s i a  (3780 kPa) work ing  f l u i d  

c o n d i t i o n s .  Halocarbons w i l l  decompose i n  t h i s  regime, t h e  r a t e  depend- 
i n g  on temperature and t h e  presence o f  i m p u r i t i e s ,  such as o i l ,  which 

w i l l  acce le ra te  t h e  decomposi t ion r a t e .  

Decomposit ion produc ts  may i n c l u d e  h i g h l y  c o r r o s i v e  h y d r o c h l o r i c  and 

h y d r o f l u o r i c  ac ids ,  and i n  t h e  presence o f  water  o r  oxygen, phosgene 

gas may be formed. 

The r e p o r t  c i t e s  o p e r a t i n g  p l a n t  da ta  i n d i c a t i n g  loss o f  halocarbon 

( R 1 1 )  t o  decomposi t ion a t  a r a t e  o f  0.6 t o  1 .0  pe rcen t  p e r  year .  

A d d i t i o n a l  losses  occur as t h e  r e s u l t  o f  leaks ,  s t a r t - u p  and shutdown 

opera t i ons ,  p u r g i n g  and ven t ing .  

3- 9 



Halocarbons a re  g e n e r a l l y  nonflammable, r e s u l t i n g  i n  a f i r e  s a f e t y  

advantage over  l i g h t  hydrocarbons. However, i n  t h e  presence o f  an 

e x t e r n a l l y - f u e l e d  f i r e  (e.g., t u r b i n e  o i l ) ,  halocarbons may generate 

h i g h l y  l e t h a l  phosgene gas and t o x i c  a c i d  vapors. Extens ive exper ience 

e x i s t s  i n  t h e  sa fe  hand l i ng  o f  hydrocarbons i n  petroleum, chemical and 

n a t u r a l  gas i n d u s t r i e s .  These e x i s t i n g  des ign p r a c t i c e s  can be a p p l i e d  

t o  t h e  Heber p l a n t  des ign t o  assure s a f e t y .  

From an environmental  v iewpo in t ,  hydrocarbons are p r e f e r a b l e .  I n  t h e  

event o f  an upset condi ton,  t h e  hydrocarbon would be burned i n  a f l a r e ,  

producing carbon d i o x i d e  and water. 

The halocarbon cannot be f l a r e d  due t o  t h e  t o x i c  na tu re  o f  t h e  combus- 

t i o n  products .  

a From a c o s t  s tandpo in t ,  t h e  hydrocarbons a re  p r e f e r r e d .  Commercial 

grades o f  isobutane c o s t  about 30 cents  pe r  g a l l o n  ($79/cubic me te r ) .  

R114 can be purchased i n  tank  c a r  l o t s  f o r  about $7.50 p e r  g a l l o n  

($1,98O/cubic me te r ) .  The i n i t i a l  charge c o s t  f o r  t h e  hydrocarbon i s  

about $30,000 as compared t o  $750,000 f o r  t h e  halocarbon. 

Hydrocarbon was concluded t o  be t h e  p r e f e r a b l e  choice f o r  t h e  Heber p l a n t  b i n a r y  

c y c l e  work ing  f l u i d .  

3.5 POWER CYCLE O P T I M I Z A T I O N  

Subsect ions 3.3 and 3.4 o f  t h i s  s e c t i o n  have d e a l t  w i t h  t h e  s e l e c t i o n  o f  t h e  

convers ion  c y c l e  ( b i n a r y  versus d i r e c t  f l a s h )  and t h e  s e l e c t i o n  o f  a b i n a r y  c y c l e  

work ing  f l u i d  (hydrocarbon versus o t h e r  f l u i d s  such as f reon ,  ammonia, carbon 

d i o x i d e ,  e t c . ) .  Th i s  s e c t i o n  addresses t h e  o p t i m i z a t i o n  o f  t h e  power c y c l e  

c o n d i t i o n s ,  i . e . ,  t u r b i n e  t h r o t t l e  and exhaust c o n d i t i o n s ,  and t h e  s p e c i f i c  

hydrocarbon work ing  f l u i d  m ix tu re .  

work ing  f l u i d  i n  t h e  br ine /hydrocarbon heat  exchangers, expansion o f  t h e  work ing  

f l u i d  through t h e  t u r b i n e ,  and condensing t h e  work ing  f l u i d  as i l l u s t r a t e d  i n  

F igures 2.4.1A and B. 

The power c y c l e  envolves t h e  h e a t i n g  o f  t h e  
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3.5.1 S e l e c t i o n  o f  a S u i t a b l e  Equat ion o f  S t a t e  

The Star1  i n g  m o d i f i e d  Benedict-Webb-Rubin (BWR) equa t ion  o f  s t a t e  was used t o  

analyze t h e  power c y c l e  c o n d i t i o n s  i n  t h e  Phase I stud ies .  There a re  a number of 
d i f f e r e n t  equat ions o f  s t a t e  t h a t  a re  c u r r e n t l y  i n  use f o r  p r e d i c t i n g  t h e  thermo- 

dynamics o f  hydrocarbon processes. 

on t h e  p a r t i c u l a r  s e t  o f  equat ions used, and none o f  t h e  equat ions have been 

r i g o r o u s l y  c o r r e l a t e d  w i t h  a c t u a l  hydrocarbons under t h e  o p e r a t i o n a l  range of 

temperature and pressure c o n d i t i o n s  o f  i n t e r e s t  f o r  a b i n a r y  c y c l e  i n  con junc t io r i  

w i t h  a moderate temperature geothermal r e s e r v o i r .  I n  r e c o g n i t i o n  o f  t h i s  problem, 

EPRI  c o n t r a c t e d  w i t h  C.F. Braun Company (Braun) t o  pe r fo rm bench t e s t  temperature/  

en tha lpy  de te rm ina t ions  f o r  a r e p r e s e n t a t i v e  hydrocarbon m ix tu re ,  namely 80 mol 

pe rcen t  isobutane and 20 mol pe rcen t  isopentane. 

Cycle performance est imates w i l l  vary  depending 

The thermodynamic p r o p e r t i e s @ )  exper imen ta l l y  determined by C.F. Braun f o r  a 

m i x t u r e  o f  20 mol pe rcen t  isopentane and 80 mol pe rcen t  isobutane were analyzed 

by F l u o r ,  H o l t ,  Rotof low and E l l i o t t ,  among o thers .  The Braun data,  though 

incomplete f o r  purposes o f  e s t a b l i s h i n g  an equa t ion  o f  s t a t e  s u i t a b l e  f o r  use i n  

t h e  des ign o f  t h e  Heber b i n a r y  p l a n t ,  was u s e f u l  i n  s e l e c t i n g  an equa t ion  o f  

s t a t e  t o  be used f o r  t h e  p l a n t  design. 

As p a r t  o f  H o l t ' s  a n a l y s i s  o f  t h e  Braun data,  t h e  e x p e r i m e n t a l l y  ob ta ined  en tha lpy  

va lues o f  t h e  mix were p l o t t e d  a g a i n s t  temperature w i t h  l i n e s  o f  cons tan t  pressure 

shown. F igu res  3.5.1A and B a re  these p l o t s  (two f i g u r e s  a re  used f o r  c l a r i t y ) .  

It i s  impor tan t  t o  note t h a t  o n l y  t h e  80 p s i a  (552 kPa) i s o b a r  shows a d e f i n i t e  

d i s c o n t i n u i t y  a t  t h e  dew p o i n t .  The o t h e r  dew p o i n t s  and a l l  t h e  bubble p o i n t s  
were es t ima ted  from much l e s s  w e l l  d e f i n e d  i n f l e c t i o n  p o i n t s .  

F igu re  3 . 5 . X  shows a comparison o f  t h e  Braun da ta  and p r e d i c t i o n s  u s i n g  S t a r l i n g ' s  

m o d i f i e d  Benedict-Webb-Rubin (BWR) equa t ion  o f  s t a t e .  Th is  m o d i f i c a t i o n ,  pub l i shed  

i n  1973, i s  t h e  one t h a t  was used f o r  t h e  Phase I s tud ies .  

bubble p o i n t  e n t h a l p i e s  a re  i n  good agreement f o r  pressures o f  300 p s i a  (2069 kPa) 

and lower. 

n o t  i n  good agreement. 

The bubble p o i n t s  and 

However, dew p o i n t s  and values f o r  pressures near t h e  c r i t i c a l  a r e  

A v a i l a b i l i t y  o f  t h e  Braun data made i t  p o s s i b l e  t o  compare dew p o i n t s  

by t h e  severa l  equat ions o f  s t a t e  ( i n c l u d i n g  t h e  S t a r l i n g  BWR used i n  

w i t h  l a b o r a t o r y  t e s t  r e s u l t s .  F igu re  3.5.1D shows t h e  l o c i  o f  dew PO 
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FIGURE 3.5.1A 
TEMPERATURE-ENTHALPY PLOT 
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pred ic ted  u t i l i z i n g  d i f f e r e n t  equations o f  s ta te  and the locus estimated from the 
Braun data. 

represent the t h i n k i n g  o f  p o t e n t i a l  supp l ie rs  o f  tu rb ines  f o r  b ina ry  p lan ts ,  

agree reasonably we l l  w i t h  one another. 

between the locus pred ic ted  by the S t a r l i n g  equation and the estimated locus 

der ived from the Braun data. 

E l l i o t t ' s  BWR and Rotof low's co r re la t i on ,  important i n  t h a t  both 

The l o c i  o f  these p red ic t i ons  f a l l  

The S t a r l i n g  p red ic t i ons  appear t o  be s i g n i f i c a n t l y  d i f f e r e n t  from the others. 

Furthermore, using a method t h a t  does no t  agree w i t h  those used by the tu rb ine  
manufacturers could lead t o  uncer ta in t ies  o r  discrepancies i n  the design basis 

f o r  the hydrocarbon loop. 

b ina ry  p l a n t  design u t i l i z i n g  the  BWR equation o f  s ta te .  

was selected because i t s  locus o f  dew p o i n t  p r e d i c t i o n  coincides w i t h  E l l i o t t ' s  

BWR p r e d i c t i o n  and, f o r  most o f  the  range o f  pressures o f  i n t e r e s t ,  a lso  coincides 

w i t h  Rotoflow's p red ic t ions .  

Therefore, the decis ion was made t o  evaluate the 

This equation o f  s ta te  

3.5.2 Pre l im inary  Cycle Opt imizat ion 

Fol lowing the completion o f  Phase I1  special  study TO02 (Subsection 3.3), addi- 
t i o n a l  in fo rmat ion  on b r ine  supply were obtained from Chevron. 

t h i s  regard was the determination t h a t  the terminal  (end o f  30 years) rese rvo i r  

design temperature would be 338OF (17OOC) versus 325OF (163OC) used i n  the Phase 

I ( 3 )  study, and t h a t  the b r ine  r e i n j e c t i o n  temperature was t o  be 150°F (65.6OC) 
m i n i m u m .  Based on t h i s  informat ion,  the dec is ion  t o  use a d i f f e r e n t  equation o f  

s t a t e  f o r  the hydrocarbon working f l u i d  and changes i n  cyc le  design c r i t e r i a  

dea l ing  w i t h  component e f f i c i e n c i e s  and pressure drop assumptions, i t  was necessary 
t o  reopt imize the power cycle. 

S i g n i f i c a n t  i n  

Assumptions f o r  t h i s  study were as fo l lows: 

0 Hydrocarbon mixtures t o  be considered were 80/20 i sobutane/i sopentane, 

90/10 isobutane/propane and pure isobutane. 

0 Cycle ca lcu la t ions  t o  be based on a two-phase b r i n e  supply w i t h  5 

percent by weight steam. 
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0 Net busbar power o u t p u t  t o  be 45 MW,, i n c l u d i n g  b r i n e  r e t u r n  boos te r  

pump power b u t  e x c l u d i n g  Chevron b r i n e  p r o d u c t i o n  w e l l  power. 

0 Minimum b r i n e  r e t u r n  temperature t o  be 16OoF (71OC) a t  p l a n t  boundry t o  

i n s u r e  compl iance w i t h  Chevron requi rements o f  15OOF (66OC) minimum a t  

we 1 1 head. 

0 Minimum br ine/hydrocarbon hea t  exchanger approach (p inch )  t o  be 10°F 

(5.6OC). 

0 Hydrocarbon condensat ion temperatures:  105OF (40.5OC) f o r  m ix tu res .  

l l O ° F  (43OC) f o r  pu re  isobutane.  

0 I n i t i a l  r e s e r v o i r  temperature,  36OOF (182OC). 

0 Termi n a l  r e s e r v o i  r temperature 338OF (17OOC). 

F i g u r e s  3.5.2A, B, C and 0 show comparat ive p l a n t  performance f o r  t h e  t h r e e  

hydrocarbon m i x t u r e s .  Resu l t s  and conc lus ions  f rom t h i s  work a r e  summarized as 

f o l l o w s :  

0 The 80/20 m i x t u r e  o f  isobutane/ isopentane was optimum ove r  t h e  e n t i r e  

range o f  r e s e r v o i r  downhole temperatures 36OOF (182OC) t o  228OF (17OOC). 

0 The 80/20 m i x t u r e  r e q u i r e s  t h e  l o w e s t  b r i n e  f l o w ,  hydrocarbon c i r c u l a -  

t i o n  r a t e ,  and c o o l i n g  water  f l o w ,  and consequent ly ,  r e s u l t s  i n  t h e  

l o w e s t  c o s t  power p l a n t  and r e q u i r e s  t h e  l e a s t  number o f  geothermal 

w e l l s .  

3.5.3 F i n a l  Cyc le O p t i m i z a t i o n  

Reeva lua t i on  o f  t h e  20-80 m ix  power c y c l e  (500 p s i a  and 295OF t u r b i n e  t h r o t t l e ,  

3,448 kPa and 146OC) d e s c r i b e d  i n  Subsect ion 3.5.2 u t i l i z i n g  t h e  BWR e q u a t i o n  o f  

s t a t e  shows f o r  t h e  s t a r t - o f - r u n  c o n d i t i o n s  ( b r i n e  a t  36OoF, 182OC) t h a t  t h e  n e t  

power o u t p u t  o f  t h e  c y c l e  was n o t  s i g n i f i c a n t l y  d i f f e r e n t ;  i n  f a c t ,  i t  was s l i g h t l y  

h i g h e r  t h a n  t h e  o u t p u t  p r e d i c t e d  w i t h  t h e  S t a r l i n g  c o r r e l a t i o n .  

ences were apparent  (as seen by F i g u r e  3.5.3A) i n  t h e  p r e d i c t e d  dew p o i n t  and i n  

However, d i f f e r -  

A 
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FIGURE 3.5.20 
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A 

the  pred ic ted  heat ing curve. These discrepancies are, no t  su rp r i s ing l y ,  o f  the  

same type and magnitude as those observed when comparing S t a r l i n g ' s  p red ic t i ons  

w i t h  the  Braun data (Figure 3 .5 .K) .  

t u rb ine  i n l e t  cond i t ions  t h a t  had been selected u t i l i z i n g  the S t a r l i n g  c o r r e l a t i o n  

would f a l l  so c lose t o  the  p red ic ted  BWR two-phase reg ion  t h a t  some undesirable 

f l u i d  condensation could occur i ns ide  the  tu rb ine .  

Figure 3.5.10. 

(35.28 kg/cm2) represents the t u r b i n e  t h r o t t l e  cond i t ions  as pred ic ted  by S t a r l i n g  

and BWR (both estimates are w i t h i n  one Btu / lb  (2.3 kJ/kg) o f  one another). 

constant entropy pa th  ( p a r a l l e l  t o  the t y p i c a l  constant entropy l i n e  shown i n  the 

graph) passes away from the  S t a r l i n g  locus o f  dew po in ts  b u t  i t  does touch the  

BWR locus. 

on how f a r  t o  the  l e f t  o f  the  locus the pa th  passes, condensation i ns ide  the  

tu rb ine  w i l l  occur. This condensation could cause erosion and/or loss  o f  e f f i -  

ciency, espec ia l l y  i n  an a x i a l  f l ow  tu rb ine .  

was c a r r i e d  ou t  t o  reevaluate the  conclusions o f  the  p re l im ina ry  opt imizat ion.  

I n  add i t ion ,  there  was concern t h a t  the  

This p o i n t  i s  i l l u s t r a t e d  i n  

The c i r c l e  shown a t  about 205 Btu / lb  (477 kJ/kg) and 500 p s i a  

The 

I f  the  l a t t e r  s i t u a t i o n  were t o  occur i n  an operat ing p lan t ,  depending 

Consequently, a more thorough study 

The same design c r i t e r i a  used f o r  the  p re l im ina ry  op t im iza t i on  were used again, 

except f o r  the  change i n  b r i n e  d e l i v e r y  mode. 

from Chevron and w i t h  the  r e s u l t s  discussed i n  Subsection 3.6, the  b r i n e  was 

assumed t o  be supp l ied  from s i n g l e  phase pumped we l l s  and t o  be de l i ve red  a t  the  

p l a n t  boundary a t  200 p s i a  (1379 kPa). 

Consistent w i t h  l a t e s t  in fo rmat ion  

B inary  power cyc les  u t i l i z i n g  20-80 

isobutane were s tud ied  over the  f u l  

(36OoF, 182OC t o  338OF, 17OOC). 

and 10-90 i sopentane- 

range o f  bottom hole 

sobutane mixes and pure 

b r i n e  temperature 

As i n  the  previous study, the  th ree  major power p l a n t  f l ow  ra tes ,  ( 

hydrocarbon and coo l i ng  water) were ca l cu la ted  along w i t h  gross and 

e f f i c i e n c i e s .  These estimates have been p l o t t e d  i n  Figures 3.5.38, 

The 10-90 propane-isobutane mix, which i n  the  p re l im ina ry  cyc le  op t  

n o t  show any advantage, was no t  i nves t i ga ted  i n  the  f i n a l  op t im iza t  

changes i n  c r i t e r i a  reduced the  economic a t t rac t i veness  o f  t h i s  mix 

. e. , b r i n e  , 
ne t  thermal 

C y  D and E. 
m iza t ion  d i d  

on. Two 

since i t  was 

i n i t i a l l y  proposed(21). 

temperature and the  reduc t ion  i n  the  expected temperature dec l ine  o f  t he  resource 

du r ing  the  l i f e  o f  the  power p lan t .  

These were the  16OoF (71OC) minimum b r i n e  discharge 
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The f i n a l  o p t i m i z a t i o n  s t a r t e d  by s e l e c t i n g  t u r b i n e  t h r o t t l e  c o n d i t i o n s  f o r  t h e  

20-80 m ix  t h a t  would reduce t h e  r i s k  o f  condensat ion i n s i d e  t h e  t u r b i n e .  For  

s t a r t - o f - r u n  o p e r a t i o n ,  t h e  b e s t  c o n d i t i o n s  were found t o  be 475 p s i a  (3275 kPa) 

and 295OF (146OC). 

c u r v e  f o r c e s  t h e  d i cha rge  o f  b r i n e  a t  h i g h e r  temperatures,  t h u s  r e q u i r i n g  p ropor -  

t i o n a t e l y  h i g h e r  f l o w  r a t e s .  

However, t h i s  c y c l e  has a disadvantage. The new h e a t i n g  

I n  o r d e r  t o  keep t h e  b r i n e  f l o w s  c l o s e  t o  p r e v i o u s l y  e s t i m a t e d  optimum values, a 

change i n  o p e r a t i n g  c o n d i t i o n s  would be r e q u i r e d  a f t e r  about  15 y e a r s  o f  opera- 

t i o n .  A r e d u c t i o n  i n  p ressu re  and temperature t o  400 p s i a  (2758 kPa) and 278OF 

(137OC) was found t o  be t h e  b e s t  way o f  a t t a i n i n g  t h i s  goal .  

20-80 mix,  i n  F igu res  3.5.38, C ,  D and E, d e p i c t  t h i s  two c y c l e  o p e r a t i o n  ove r  

t h e  30-year l i f e  o f  t h e  p l a n t .  

The l i n e s ,  l a b e l e d  

Al though c y c l e  o p t i m i z a t i o n  w i t h  t h e  same f l u i d  ove r  t h e  l i f e  o f  t h e  p l a n t  c o u l d  

be achieved f o r  eve ry  few degrees t h a t  t h e  b r i n e  temperature i s  expected t o  drop,  

t h i s  i s  h a r d l y  a r e a l i s t i c  way t o  p r e d i c t  power p l a n t  o p e r a t i o n .  

c y c l e  c o n d i t i o n s  would r e q u i r e  changes i n  pump head, i n  equipment c a p a c i t y ,  and 

most i m p o r t a n t  i n  p ressu re  r a t i o  across t h e  t u r b i n e ;  making i t  d i f f i c u l t  t o  

ope ra te  t h e  p l a n t  e f f i c i e n t l y  w i t h o u t  ma jo r  expend i tu res  f o r  equipment a d d i t i o n s  

o r  m o d i f i c a t i o n s .  Furthermore, t h e  p o s s i b i l i t y  t h a t  t h e  b r i n e  temperature m i g h t  

f l u c t u a t e  ove r  p e r i o d s  o f  t ime ,  o r  m igh t  be d i f f e r e n t  t h a n  p r e s e n t l y  p r e d i c t e d ,  

makes i t  i m p e r a t i v e  t o  des ign  t h e  p l a n t  so  t h a t  i t  can opera te  e f f i c i e n t l y  ove r  

t h e  f u l l  range o f  expected b r i n e  temperatures w i t h o u t  r e q u i r i n g  any equipment 

changes. There fo re ,  i t  was dec ided t o  search f o r  one c y c l e  t h a t  c o u l d  be used 

t h r o u g h o u t  t h e  l i f e  o f  t h e  p l a n t  p e r m i t t i n g  b o t h  e f f i c i e n t  o p e r a t i o n  of t h e  

equipment i n  t h e  hydrocarbon l o o p  and e f f i c i e n t  u t i l i z a t i o n  o f  t h e  b r i n e .  The 

r e s u l t s  were t h e  two a d d i t i o n a l  c y c l e s  p resen ted  i n  F i g u r e s  3.5.3B, C,  D and E 

u t i  1 i z i  ng a 10-90 ( isopentane- isobutane)  and pu re  i sobutane. 

Each change i n  

Conclus ions a r e  t h a t  t h e  10-90 m ix  c y c l e  w i t h  575 p s i a  (3965 kPa) and 305OF 

(152OC) t u r b i n e  t h r o t t l e  c o n d i t i o n s  shou ld  be s e l e c t e d  f o r  optimum power p l a n t  

o p e r a t i o n  th roughou t  t h e  30-year l i f e  o f  t h e  p l a n t .  

i l l u s t r a t e d  i n  F i g u r e  3.5.3F. 

The s e l e c t e d  power c y c l e  i s  

The i n h e r e n t  f l e x i b i l i t y  o f  t h e  b i n a r y  power p l a n t  concept,  wh 

e r a b l e  l a t i t u d e  t o  t h e  p l a n t  des igne r  as w e l l  as t o  t h e  f u t u r e  

ch a l l o w s  cons 

p l a n t  o p e r a t o r  

d- 
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crs has been demonstrated by t h e  o p t i m i z a t i o n s  done f o r  t h e  Heber p l a n t .  A f t e r  

changing t h e  e q u a t i o n  o f  s t a t e  and moving t h e  t u r b i n e  t h r o t t l e  c o n d i t i o n s  away 

f rom t h e  two phase r e g i o n ,  t h e  new o p e r a t i n g  c o n d i t i o n s ,  as f a r  as ma jo r  c i r c u l a -  

t i o n  r a t e s  and thermal  e f f i c i e n c i e s  a r e  concerned, a r e  a lmos t  i d e n t i c a l  t o  those  

p r e v i o u s l y  e s t a b l i s h e d  d u r i n g  t h e  Phase I study.  The p ressu re  a t  t h e  t u r b i n e  

t h r o t t l e  was inc reased  by 75 p s i a  (517 kPa) b u t  t h i s  s t i l l  remains below t h e  

a n t i c i p a t e d  des ign  p ressu re .  

3.6 BRINE SUPPLY 

Severa l  s t u d i e s  were per formed r e l a t i v e  t o  t h e  b r i n e  supp ly  system. 

s t u d i e s  were based on b r i n e  supp ly  f rom s i n g l e  phase pumped w e l l s .  

assessment o f  t h i s  work, i t  was determined t h a t  t h e  energy supp ly  p r i c i n g  s t r u c t u r e  

had changed f rom e a r l i e r  concepts as a r e s u l t  o f  i n f o r m a t i o n  developed f o r  SDG&E 

by Chevron pu rsuan t  t o  t h e i r  energy supp ly  agreement. 

e v a l u a t e  t h e  impact  o f  t h i s  p r i c i n g  on t h e  process s e l e c t i o n  ( b i n a r y  versus 

d i r e c t  f l a s h  steam)(?) u s i n g  s ing le-phase and two-phase b r i n e  supp ly  w e l l s .  

r e s u l t s  o f  t h i s  s tudy  a r e  d iscussed i n  Subsect ion 3.3. 

The Phase I 
From f u r t h e r  

A s tudy  was per formed t o  

The 

As t h e  r e s u l t  o f  c o n t i n u i n g  r e s e r v o i r  development work by Chevron, i t  was subse- 

q u e n t l y  determined t h a t  f r e e - f l o w i n g  two-phase b r i n e  supp ly  w e l l s  a r e  n o t  economi- 

c a l l y  f e a s i b l e  because o f  t h e i r  un favo rab le  p r e s s u r e / f l o w  r e l a t i o n s h i p .  

q u e n t l y ,  i t  would be necessary t o  employ downhole pumps t o  p r o v i d e  economic 

two-phase w e l l  f l o w  r a t e s  a t  a p ressu re  necessary t o  suppor t  b i n a r y  c y c l e  opera- 

t i o n .  

Conse- 

Fo r  t h i s  reason, a b r i n e  supp ly  o p t i m i z a t i o n  s tudy  was under taken t o  determine 

t h e  economics o f  s i n g l e  phase pumped w e l l s  and two phase p a r t i a l l y  pumped w e l l s  

u s i n g  t h e  energy supp ly  c o n d i t i o n s  p r o v i d e d  by Chevron as shown on t h e  f o l l o w i n g  

tab1  e: 
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TABLE 3.6A 

ENERGY COST 

Supply Pressure Energy Cost 
Supply Mode p s i a  Cents/MM B t u  

S i n g l e  Phase Flow 200 66 

Two Phase Flow 75 56 ( through 1986) 

Two Phase Flow 85 58 ( through 1983) 

6 1  (1987 +) 

63 (1984 +) 

Cons idera t ion  o f  two phase f l o w  a t  a supply  pressure o f  95 p s i a  was dropped 

because w e l l  pumping would be r e q u i r e d  from t h e  s t a r t  and t h e  energy c o s t  would 

approximate t h a t  o f  s i n g l e  phase f low.  

Flow c o n f i g u r a t i o n s  f o r  s i n g l e  phase and two phase b r i n e  supply  employed i n  t h e  

s tudy a r e  shown i n  F igures 3.6A and B. 

a r e  shown i n  Tables 3.66 and C. 

B r i n e  f l o w  r a t e s  and p l a n t  c a p i t a l  cos ts  

TABLE 3.6B 

BRINE FLOW RATE, LBS/HR (KG/HR) 

Two- Phase Two-Phase S i  ng l  e-Phase 
75 p s i a  85 p s i a  200 p s i a  

(517 kPa) (586 kPa) (1379 kPa) 

S t a r t  (3 36OOF 

(182OC) 

15 Years L a t e r  

(3 34OoF 

(171OC) 

7,100,000 7,000,000 6,800,000 

(3,220,000) (3,170,000) (3,080,000) 

7,600,000 7,700,000 7,800,000 

(3,450,000) (3,500,000) (3,540,000) 
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FIGURE 3.6A 
SINGLE PHASE BRINE SUPPLY 
(PHASE II BASELINE DESIGN) 
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TABLE 3.6C 

ESTIMATED CAPITAL COST 

VERSUS 

B R I N E  SUPPLY OPTION 

( Instantaneous 1977 D o l l a r s )  

Two- Phase Two-Phase S i  ng l  e-Phase 

75 p s i a  85 p s i a  200 p s i a  

(517 kPa) (586 kPa) (1379 kPa) 

$35,000,000 $34,500,000 $32,600,000 

From F i g u r e  3.6C, i t  i s  shown t h a t  d u r i n g  t h e  f i r s t  few yea rs  o f  t h e  p l a n t  l i f e ,  

t h e  two-phase b r i n e  feed  system r e s u l t s  i n  l owes t  busbar power c o s t ,  w i t h  b o t h  

t h e  75 p s i a  (517 kPa) and 85 p s i a  (586 kPa) two-phase supply .  

i s  on l y  about  one m i l l  p e r  KWH lower  c o s t .  

However t h e  sav ings 

D u r i n g  t h e  p e r i o d  o f  p l a n t  l i f e  between y e a r  5 and y e a r  12, a l l  t h r e e  f e e d  cond i -  

t i o n s  produce approx ima te l y  e q u i v a l e n t  ( w i t h i n  1/2 m i l l )  busbar c o s t .  

l i f e  beyond y e a r  12, t h e  75 p s i a  (517 kPa) two-phase feed  case becomes more 

a t t r a c t i v e ,  b u t  t h e  d i f f e r e n c e  between t h e  cases remains a t  l e s s  t h a n  one m i l l  

p e r  KWH t h rough  y e a r  18. 

A t  p l a n t  

I n  t h e  two-phase f e e d  cases, c o n s i d e r a b l y  more equipment and c o n t r o l s  a r e  r e q u i r e d  

t h a n  i n  t h e  s ing le-phase case t o  separate t h e  steam from t h e  b r i n e ,  remove noncon- 

densable gases f rom t h e  steam, and remove sand f rom t h e  b r i n e .  

t h a t  t hese  a d d i t i o n a l  s teps  w i l l  comp l i ca te  o p e r a t i o n  and adve rse ly  a f f e c t  p l a n t  

r e l i a b i l i t y .  

( i . e . ,  f o r  sand removal and steam l o s t  i n  t h e  noncondensable ven t )  which would 

more t h a n  o f f s e t  t h e  e s t i m a t e d  $800/day d i f f e r e n c e  ( a t  70 p e r c e n t  a v a i l a b i l i t y )  

i n  busbar c o s t  a t  one m i l l / K W H .  

I n d i c a t i o n s  a r e  

I n  f a c t  t hese  f a c t o r s  c o u l d  r e s u l t  i n  a d d i t i o n a l  o p e r a t i n g  expenses 

3.7 POWER CYCLE CONTROL 

A process ske tch  of  t h e  b i n a r y  c y c l e ,  showing t h e  t h r e e  process v a r i a b l e s  which 

must be c o n t r o l l e d  f o r  p r o p e r  p l a n t  o p e r a t i o n ,  i s  shown as F i g u r e  3.7A. 

o f  b i n a r y  f l u i d  t o  t h e  t u r b i n e  i s  c o n t r o l l e d  by a speed/load governor  c o n t r o l  

system, and i s  o u t s i d e  t h e  scope o f  t h i s  d i scuss ion .  

The f l o w  
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FIGURE 3.7A 

POWER CYCLE CONTROL VARIABLES 
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VARIABLES TO BE CONTROLLED: 
(a) = Turbine Generator Load 
(b) = Hydrocarbon Temp. To Turbine Throttle 
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FIGURE 3.79 

POWER CYCLE CONTROL VARIABLES 
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The temperature and p ressu re  o f  t h e  b i n a r y  hydrocarbon work ing  f l u i d  t o  t h e  

t u r b i n e  t h r o t t l e  v a l v e  w i l l  be c o n t r o l l e d  t o  i n s u r e  o p e r a t i o n  i n  t h e  s u p e r c r i t i c a l  

o r  vapor  phase. 

exchanger t r a i n  w i l l  be h e l d  above t h e  temperature a t  which t h e  b r i n e  s o l u t i o n  

would b e g i n  t o  p r e c i p i t a t e  s o l i d s .  

Chevron t o  be 15OOF (66OC) a t  t h e  r e i n j e c t i o n  wel lhead. 

The temperature o f  t h e  b r i n e  e x i t i n g  t h e  b r ine /hyd roca rbon  hea t  

T h i s  temperature has been i d e n t i f i e d  by 

These t h r e e  dependent v a r i a b l e s  ( temperature and p ressu re  o f  t h e  b i n a r y  f l u i d  t o  

t h e  t u r b i n e  t h r o t t l e  va l ve ,  and temperature o f  b r i n e  f rom t h e  u n i t )  r e q u i r e  t h a t  

t h r e e  independent c o n t r o l  v a r i a b l e s  be u t i l i z e d .  The independent v a r i a b l e s  

a v a i l a b l e  f o r  c o n t r o l  a r e  shown on F i g u r e  3.76. They a r e  t h e  b r i n e  f l o w  and any 

two o f  t h e  t h r e e  hydrocarbon f l o w s  shown, i . e . ,  t l o ta l  f l o w ,  f l o w  t o  t h e  complete 

exchanger t r a i n ,  and bypass f l o w  around a p o r t i o n  o f  t h e  exchanger t r a i n .  

O f  t h e  many p o s s i b l e  c o n t r o l  schemes f o r  t h e  power c y c l e  system, t h e  scheme shown 

on F i g u r e  3.7C, appears t o  y i e l d  t h e  h i g h e s t  p o t e n t i a l  f o r  m a i n t a i n i n g  t h e  b i n a r y  

t u r b i n e  t h r o t t l e  c o n d i t i o n s  and t h e  b r i n e  r e t u r n  temperature a t  d e s i r e d  va lues.  

I n  t h i s  scheme, b r i n e  f l o w  and t o t a l  hydrocarbon c i r c u l a t i o n  f o l l o w  t h e  f l o w  o f  

hydrocarbon t o  t h e  t u r b i n e  b y  r a t i o  c o n t r o l .  

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

The r a t i o s  a r e  t r immed t o  m a i n t a i n  

On a l o a d  inc rease ,  t h r o t t l e  f l o w  w i l l  i nc rease  caus ing  b r i n e  f l o w  and hydrocarbon 

f l ow  t o  l i n e a r l y  i nc rease .  M ino r  v a r i a t i o n s  i n  f l o w  i n s t r u m e n t  response w i l l  be 

c o r r e c t e d  by a r e s e t  a c t i o n  o f  t h e  r a t i o  c o n t r o l  p o i n t s  as e i t h e r  t h e  t h r o t t l e  

p ressu re  and/or temperature d r i f t  f rom s e t  p o i n t .  

w i l l  be d i r e c t l y  c o n t r o l l e d  by t h e  b r i n e  r e t u r n  temperature.  Any movement o f  t h e  

bypass v a l v e  w i l l  n o t  a l t e r  t h e  t o t a l  hydrocarbon f l o w  t o  t h e  system, as t h e  

r a t i o  f l o w  c o n t r o l l e r  w i l l  compensate b y  e i t h e r  opening o r  c l o s i n g  t h e  main 

hydrocarbon f l o w  va lve.  The scheme works i n  t h e  same manner on a l o a d  decrease, 

w i t h  reve rsed  a c t i o n .  

The hydrocarbon bypass v a l v e  

3.8 COOLING SYSTEM 

The Heber power p l a n t  w i l l  r e q u i r e  s u b s t a n t i a l  amounts o f  c o o l i n g  wa te r  d u r i n g  

opera t i on .  

water  have t h e r e f o r e  been c a r e f u l l y  s tud ied .  

usage a r e  as f o l l o w s :  

The c o n s i d e r a t i o n s  f o r  s u p p l y i n g  c o o l i n g  wa te r  and t r e a t m e n t  o f  t h i s  

Present  es t ima tes  o f  p l a n t  water  
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0 Approx imate ly  140,000 gpm (31,792 m3/hr) o f  t r e a t e d  c o o l i n g  wa te r  w i l l  

be c i r c u l a t e d  th rough  t h e  p l a n t ,  w i t h  t h e  major  use r  b e i n g  t h e  hydro-  

carbon condensers. 

0 Makeup wa te r  f l o w  i s  e s t i m a t e d  a t  2,300 gpm (523 m3/hr) a t  a y e a r l y  

1 p l a n t  average p l a n t  a v a i l a b i l i t y  o f  70 pe rcen t .  Normal makeup a t  f u  

o u t p u t  i s  3,300 gpm (750 m3/hr). 

Present  commitments between SDG&E and I I D  w i l l  p r o v i d e  t h e  p l a n t  c o o l i n g  water  

f o r  t h e  f i r s t  f i v e  yea rs  o f  o p e r a t i o n  f rom t h e  C e n t r a l  Main Canal o r  t h e  Dogwood 

Canal. These wa te r  supp ly  sources a r e  f rom e x i s t i n g  i r r i g a t i o n  systems and 

c o n t a i n  up t o  900 ppm t o t a l  d i s s o l v e d  s o l i d s  and l a r g e  q u a n t i t i e s  o f  e n t r a i n e d  

s i l t .  

SDG&E, I I D  and o t h e r s  a r e  i n v e s t i g a t i n g  a 

o p e r a t i o n s  beyond t h e  i n i  ti a1 f i v e  yea rs .  

t h e  a g r i c u l t u r a l  d r a i n  water  system which 

o p e r a t i n g  l i f e  o f  t h e  Heber p l a n t .  The f 

a g r i c u l t u r a l  d r a i n  water  w i l l  be based on 

and assessment o f  t h e  env i ronmenta l  e f f e c  

3 .8 .1  Cool i ng Water Treatment 

t e r n a t e  wa te r  supp ly  sources f o r  p l a n t  

I I D  has agreed t o  f u r n i s h  f o r  t h e  

na l  d e c i s i o n  on t h e  s u i t a b i l i t y  o f  t h e  

f u r t h e r  e v a l u a t i o n  o f  a l t e r n a t e  sources 

s o f  u s i n g  these  water  s u p p l i e s .  

The most v i a b l e  source a t  p r e s e n t  i s  

I r r i g a t i o n  canal  wa te r  w i l l  r e q u i r e  a f a i r l y  conven t iona l  wa te r  t r e a t m e n t  system. 

Change ove r  t o  t h e  a g r i c u l t u r a l  d r a i n  wa te r  supply  w i l l  r e q u i r e  e x t e n s i v e  t rea tmen t  

f o r  p l a n t  use. The p r e s e n t  w a t e r  t r e a t m e n t  system i n c l u d e s  t h e  f o l l o w i n g  f e a t u r e s :  

0 Large s e t t l i n g  ponds f o r  s i l t  removal .  

a t  between one and two tons  p e r  day (907 and 1,814 kg/d). 

S i l t  i s  es t ima ted  t o  accumulate 

0 S u l f u r i c  a c i d  t r e a t m e n t  t o  

p r i o r  t o  e n t e r i n g  t h e  c o o l  

0 A t  t h e  c o o l i n g  tower  b a s i n  

remove d i s s o l v e d  carbonates (pH adjustment)  

ng tower  bas in .  

f u r t h e r  t r e a t m e n t  i s  per formed c o n s i s t i n g  

of  chemical  i n j e c t i o n  and f i l t r a t i o n .  

As p a r t  o f  F1 i i o r '  s O p t i m i z a t i o n  S t u d i  e s ( g ) ,  a1 t e r n a t e  methods f o r  removing s i  1 t 

f rom t h e  incoming wa te r  were i n v e s t i g a t e d ,  p roduc ing  t h e  f o l l o w i n g  r e s u l t s :  
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Method Annual Cost 

S e t t l i n g  Ponds 

Hydrocl ones 

G r a v i t y  f i 1 t e r s  

Pressure f i l t e r s  

C l a r i f i e r  

$155,000 

$185 , 000 
$203,000 

$210, OGO 

$245,000 

Based on t h i s  eval  u a t i o n  s e t t l  i ng ponds w i  11 be employed. 

3.8.2 Wet versus Wet/Dry Coo l ing  

R.W. Beck and Associates (Beck) were engaged t o  develop paramet r ic  analyses on 

v a r y i n g  combinations o f  wet and wet/dry c o o l i n g  systems f o r  t h e  Heber p l a n t  us ing  

t h e i r  computerized program developed i n  c o n j u n c t i o n  w i t h  s i m i l a r  s t u d i e s  they 

performed under c o n t r a c t  t o  E P R I .  The c r i t e r i a  f o r  t h i s  work i s  i d e n t i f i e d  i n  

I n t e r i m  Report I (20). - 

The Beck s tudy i n d i c a t e s  t h a t  a "wet/dry" system c o u l d  be employed a t  Heber. 

However, t h e  c l i m a t o l o g i c a l  h i s t o r y  a t  Heber leads t o  an e v a l u a t i o n  showing t h e  

" a l l  wet" system t o  be economical ly  more a t t r a c t i v e .  As can be seen from F igures  

3.8.2A and B, a c o s t  inc rease (pena l ty )  o f  7 t o  18 mills/KWH would r e s u l t  from 

use o f  t h e  "wet/dry" system compared t o  t h e  more economical " a l l  wet" system, and 

i s  assoc ia ted  w i t h  a 60-92 percent  annual average l o a d  on t h e  "d ry"  system. Th is  

c o s t  inc rease t r a n s l a t e s  i n t o  19-57 p e r c e n t  busbar c o s t  pena l ty .  

mates o f  makeup water  usage f o r  0-100 percent  average l o a d  on t h e  d r y  system i s  

shown on F igure  3.8.2C. 

The Beck e s t i -  

Under an agreement between I I D  and SDG&E, c o o l i n g  water  w i l l  be s u p p l i e d  from t h e  

I I D  canal system f o r  t h e  f i r s t  f i v e  years o f  p l a n t  opera t ion .  It was a n t i c i p a t e d  

t h a t  makeup water  w i l l  c o s t  i n  t h e  order  o f  20 cents  p e r  thousand g a l l o n s  (5.3 

cents  p e r  cub ic  meter). 

c o s t  t h a t  would be r e q u i r e d  t o  j u s t i f y  a wet/dry c o o l i n g  mode. 

As seen from F igure  3.8.2A1 t h i s  c o s t  i s  f a r  below t h e  
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FIGURE 3.8.2. B 
R. W. BECK STUDY 

RANGE OF PERCENT COST PENALTY OF "WETIDRY" SYSTEM VERSUS "ALL WET" SYSTEM 
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3.8.3 Coo l i ng  Tower O p t i m i z a t i o n  

The h i g h  summer ambient temperature c o n d i t i o n s  a t  Heber combined w i t h  t h e  v e r y  

l ow  power c y c l e  thermal  e f f i c i e n c i e s  r e s u l t s  i n  t h e  need f o r  a d i s p r o p o r t i o n a t e l y  

l a r g e  and c o s t l y  p l a n t  hea t  r e j e c t i o n  system as compared t o  a conven t iona l  thermal  

power p l a n t .  

summer months, a p r e l i m i n a r y  c o o l i n g  tower  o p t i m i z a t i o n  was undertaken t o  e s t a b l i s h  

tower  s e l e c t i o n  c r i t e r i a  t h a t  would r e s u l t  i n  minimum annual c o o l i n g  c o s t .  

Design c o n d i t i o n s  used i n  t h e  s tudy  were as f o l l o w s :  

Because o f  t h i s  and t h e  requi rement  f o r  maximum power o u t p u t  i n  t h e  

Wet Bu lb  Temperature 8OoF (26.7OC) 

C o o l i n g  Water Rise 20F0 ( l l C o )  

Approach t o  Wet Bu lb  Temperature 10°F (5.6OC) 

F i x e d  Charge Rate (0.1532) X ( T o t a l  C a p i t a l  Cost)  

Design d a t a  and c o s t s  were o b t a i n e d  f rom two ma jo r  c o o l i n g  tower  s u p p l i e r s  f o r  

e leven  d i f f e r e n t  tower  s e l e c t i o n s .  T h i s  i n f o r m a t i o n  was used t o  e s t a b l i s h  t h e  

annua l i zed  c a p i t a l  c o s t  o f  t h e  c o o l i n g  tower  and bas n, and t h e  annua l i zed  oper-  

a t i n g  c o s t  f o r  fans and pumping power. 

From F i g u r e  3.8.3A, i t  i s  seen t h a t  t h e  optimum coo l  ng tower  i s  s e l e c t i o n  number 

4. T h i s  tower  c o n s i s t s  o f  10 c e l l s  and a b a s i n  a rea  o f  26,600 sq. ft. (2,471 m2). 

Each c e l l  has a 115 horsepower (85.8 kW) fan.  The tower  r e q u i r e s  a s t a t i c  pumping 

head o f  35 f e e t  (10.7 meters) .  

3.9 POWER CYCLE ECONOMIZER 

Hydrocarbon vapor exhausts f rom t h e  t u r b i n e  a t  a temperature o f  150-170°F (66-77OC). 

I n  a u n i t  n o t  u t i l i z i n g  an economizer, t h i s  vapor f l o w s  d i r e c t l y  t o  t h e  hydrocarbon 

condensers, as shown on F i g u r e  3.9A. A f l o w  scheme was developed t o  conserve a 

p o r t i o n  o f  t h e  hea t  i n  t h i s  stream by pass ing  i t  th rough  a hea t  exchanger where 

i t  would i n d i r e c t l y  c o n t a c t  l i q u i d  hydrocarbon f rom t h e  c i r c u l a t i n g  pumps, adding 

p rehea t  t o  t h e  stream, as shown on F i g u r e  3.9B. The e f f e c t  o f  t h i s  a d d i t i o n a l  

hea t  exchanger on t h e  b r ine /hyd roca rbon  hea t  exchanger temperature-enthalpy 

p r o f i l e  i s  shown on F i g u r e  3.9C. 
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FIGURE 3.8.3A 

ANNUAL OPERATING COST VS. TOWER DESIGN 
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C.T. Selection 1 2 3 4 5 6 7 8 9 10 11 
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Basin Area 
M Sq.Ft. 27 29.2 25.2 20.6 18.6 16.7 14.8 13.2 16.2 18.5 14.8 

No. Cells 15 15 14 10 10 9 8 8 8 11 9 

kW/Fan 46 48 54 86 106 105 145 148 171 139 147 

Area, M m2 2.5 2.7 2.3 1.9 1.7 1.6 1.4 1.2 1.5 1.7 1.4 
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FIGURE 3.9A 

BINARY CYCLE HYDROCARBON FLOW SCHEMATIC 
WITHOUT ECONOMIZER 
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FIGURE 3.9B 
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FIGURE 3.9C 
BRINE/HYDROCARBON HEAT EXCHANGER 

H EAT1 N G /COO hl N G PR 0 F I LE 
(TEMPERATURE/ENTHALPY DIAGRAM) 
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For t h e  economic a n a l y s i s  o f  an economizer i n s t a l l a t i o n ,  an increase o f  0.5 p s i  

(3.4 kPa) t u r b i n e  backpressure and a hydrocarbon c i r c u l a t i n g  pump d ischarge 

pressure increase o f  5 p s i  (34 kPa) were assumed. Heat balance c a l c u l a t i o n s  

i n d i c a t e  t h a t  t h e  u n i t ,  w i t h o u t  an economizer, would d ischarge b r i n e  a t  16OOF 

(71OC). The i n c o r p o r a t i o n  o f  an economizer r e s u l t s  i n  a b r i n e  r e t u r n  temperature 

increase t o  173OF (78OC) a t  s t a r t - o f - r u n  and 185OF (85OC) a t  .end-of-run, 30 years 

l a t e r .  

heat  exchanger "p inch  p o i n t "  occurs midway through t h e  h e a t i n g  curve (see F igure  

3.9C). The e f f e c t  o f  t h e  b r i n e  o u t l e t  temperature increase i s  t o  l i m i t  t h e  

economic usefu lness o f  t h e  economizer, s ince  t h e  b r i n e  supply  c o n t r a c t  r e q u i r e s  

payment f o r  a l l  b r i n e  as i f  i t  were coo led  t o  t h e  c o n t r a c t  temperature bas is  

i . e . ,  15OOF (66OC) a t  t h e  r e i n j e c t i o n  w e l l s .  

temperature rece ives  no c r e d i t .  

Th is  b r i n e  r e t u r n  temperature increase occurs because t h e  br ine/hydrocarbon 

Return ing  t h e  b r i n e  a t  a h igher  

The c a p i t a l  c o s t  f o r  a u n i t  w i t h  an economizer was found t o  be approx imate ly  $1.4 

m i l l i o n  h igher  than a u n i t  w i t h o u t  an economizer. A t  a f i x e d  charge r a t e  o f  

15.32 percent  p e r  annum, t h i s  equates t o  a f i x e d  charge i n  excess o f  $214,000 p e r  

year .  B r i n e  c o s t  savings d u r i n g  t h e  i n i t i a l  o p e r a t i n g  year  i s  $205,000, f a l l i n g  

t o  no savings by y e a r  15. 

cash f l o w ,  i t  w i l l  n o t  be i n c o r p o r a t e d  i n t o  t h e  Heber p l a n t  design. 

Since t h e  proposed economizer never shows a p o s i t i v e  

3.10 HYDROCARBON PUMPING CONFIGURATIONS 

The Phase I conceptual des ign proposed t h e  use o f  2,000 horsepower (1,491 kW) 

m u l t i s t a g e  v e r t i c a l  pumps o p e r a t i n g  i n  p a r a l l e l  t o  m a i n t a i n  hydrocarbon c i r c u l a t i o n  

i n  t h e  b i n a r y  loop. 

300-500 horsepower (224-373 kW) range has produced a poor o p e r a t i o n a l  record.  

Based on t h e i r  own exper ience w i t h  t h i s  t y p e  o f  equipment, SDG&E suggested t h a t  

a l t e r n a t i v e  c o n f i g u r a t i o n s  be i n v e s t i g a t e d .  T h i s  s e c t i o n  prov ides  a d i s c u s s i o n  

o f  t h r e e  a l t e r n a t i v e s  eva lua ted  and a summary o f  t h e i r  comparative economics. 

U t i l i t y  i n d u s t r y  experience w i t h  s i m i l a r  equipment i n  t h e  

F igures  3.10A, B and C show t h e  b a s i c  concept and d e t a i l s  o f  t h e  a l t e r n a t i v e s  

descr ibed below. 

A l t e r n a t e  1 comprises seven (6  normal ly  o p e r a t i n g  p l u s  one spare) 13-stage v e r t i c a l  

pumps w i t h  a c a p a c i t y  o f  4,700 gpm (1,067 m3/hr) each. The m u l t i s t a g e  v e r t i c a l  

pumps would have an o p e r a t i n g  e f f i c i e n c y  o f  approx imate ly  8 1  percent ,  and would 
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FIGURE 3.10A 
HYDROCARBON CI R CU LATlO N 
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FIGURE 3.108 
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FIGURE 3.10C 

HY D R OCAR BO N C I R CU LATI 0 N 
PU M PI N G CON FIG U RAT1 0 N S 

From Condensers 
And/or Accumulators 
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5000 HP 4zz-l 

Ll 
b CAPACITY: 14000 GPM EACl 

(0.88 M3/Sec) 
ALTERNATE 111 CAPACITY: 7000 GPM EACH 

(0.44 M3/Sec) 

5000 HP (3729 KW) EiT 
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be d r i v e n  w 

u n i n s t a l  l e d  

$144,200. 

A l t e r n a t e  I 

t h  2,000 HP e l e c t r i c  motors hav ing  95 p e r c e n t  e f f i c i e n c i e s .  The 

c a p i t a l  c o s t  o f  each o f  t h e  seven u n i t s  would be approx ima te l y  

comprises f i v e  ( 4  o p e r a t i n g  p l u s  one spare) 7,000 gpm, (1,590 m"/hr) 

2-s tage v e r t i c a l  NPSH boos te r  pumps, f o l l o w e d  by two (1 o p e r a t i n g  p l u s  1 spare) 

s i n g l e - s t a g e  h o r i z o n t a l  c i r c u l a t i o n  pumps. The NPSH b o o s t e r  pumps have o p e r a t i n g  

e f f i c i e n c i e s  o f  80 p e r c e n t  and a r e  d r i v e n  by 400 HP (298 kW) motors w i t h  93 

p e r c e n t  e f f i c i e n c i e s .  

$64,500 p e r  u n i t .  

c i e n c y  o f  86 p e r c e n t ,  and i s  d r i v e n  by a 9,000 HP (6,711 kW) motor  w i t h  a 97 

p e r c e n t  e f f i c i e n c y .  A speed i n c r e a s i n g  gear i s  r e q u i r e d  w i t h  t h i s  u n i t ;  i t s  

e f f i c i e n c y  i s  97 pe rcen t .  

i s  $420,000. 

U n i n s t a l l e d  c o s t  o f  t h e  NPSH b o o s t e r  pumps and motors i s  

The s i n g l e - s t a g e  main c i r c u l a t i o n  pump has an o p e r a t i n g  e f f i -  

The u n i n s t a l l e d  c o s t  o f  each pump, gear  and motor s e t  

A l t e r n a t e  I11 u t i l i z e s  t h e  same NPSH b o o s t e r  pump setup as A l t e r n a t e  11. The 

t h r e e  main pumps (2 o p e r a t i n g  p l u s  one spare) have 86 p e r c e n t  o p e r a t i n g  e f f i c i e n -  

c i e s  and a r e  d r i v e n  w i t h  96 p e r c e n t  e f f i c i e n t  5,000 HP (3,729 kW) motors.  No 

gear  i s  r e q u i r e d  f o r  these u n i t s .  

A l t e r n a t e  I appears t o  have t h e  advantage o f  f l e x i b i l i t y  f o r  turn-down o p e r a t i o n s ,  

when compared t o  t h e  o t h e r  two a l t e r n a t e s .  

p e r c e n t  turn-down steps,  compared t o  no s teps f o r  A l t e r n a t e  I1 and a 50 p e r c e n t  

s t e p  f o r  A l t e r n a t e  111. The main o p e r a t i o n a l  d isadvantage i s  t h a t  a l l  excess 

f l o w  would be pumped t o  f u l l  d i scha rge  p ressu re ,  app rox ima te l y  550 p s i a  (3795 kPa), 

and then  l e t  down t o  s u c t i o n  p ressu re  across a c o n t r o l  va l ve .  T h i s  i s  n o t  t h e  

case i n  A l t e r n a t e s  I1 and 111, where le tdown would occur  a t  t h e  NPSH b o o s t e r  pump 

d i scha rge  p ressu re  o f  app rox ima te l y  100 p s i a  (690 kPa). 

The s i x  o p e r a t i n g  pumps y i e l d  17 

A l t e r n a t e  I11 appears t o  be t h e  most r e l i a b l e  c o n f i g u r a t i o n ,  and shou ld  r e q u i r e  

t h e  l e a s t  maintenance. The low head NPSH pumps shou ld  r e q u i r e  l e s s  maintenance 

t h a n  t h e  h i g h  head v e r t i c a l  pumps o f  A l t e r n a t e  I .  The A l t e r n a t e  I11 main pump 

does n o t  r e q u i r e  a gear,  which c o u l d  be a h i g h  maintenance i tem.  

A l t e r n a t e  I1 appears t o  be t h e  second most a t t r a c t i v e  f rom a maintenance and 

r e l i a b i l i t y  v iewpo in t .  

nance v iewpo in t .  

A l t e r n a t e  I appears t h e  l e a s t  a t t r a c t i v e  f rom a mainte-  

The 13-stage v e r t i c a l  pumps a r e  b e l i e v e d  t o  be d i f f i c u l t  t o  
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m a i n t a i n  and i n v o l v e  a heavy l i f t  t o  remove t h e  i m p e l l e r  assembly f o r  i n s p e c t i o n  

and maintenance. 

The economics f o r  t h e  t h r e e  cases a r e  e s s e n t i a l l y  equal. A l t e r n a t e  I has t h e  

lowest  annual ized c a p i t a l  c o s t  o f  $310,00O/year. Case I 1  i s  $450,00O/year and 

Case I11 i s  $490,00O/year. Annual power c o s t  ( a t  40 mills/KWH) f o r  Case 111 i s  

lowest  a t  $1.8 m i l l i o n / y e a r .  Case I 1  i s  $1.83 m i l l i o n / y e a r  and Case I i s  $1.91 

c a p i t a l  range from $2.22 m i l l i o n  

y equal a t  $2.22 

m i l l i o d y e a r .  T o t a l  annual cos ts  f o r  power and 

I11 t o  $2.32 m i l l i o n  p e r  year ,  w i t h  Cases I and 

m i l l i o n  and $2.25 m i l l i o n / y e a r .  

A l t e r n a t e  I11 i s  recommended f o r  i n c o r p o r a t  on 

good economics, r e l i a b i l i t y  and m a i n t a i n a b i l i t y .  

be ing  e s s e n t i a l  

n t o  t h e  Heber p a n t  as i t  o f f e r s  

The economics f o r  A l t e r n a t e  I11 

w i l l  improve w i t h  p l a n t  l i f e  (as mills/KWH increase because o f  b r i n e  c o s t  escala-  

t i o n ) ,  as i t  i s  t h e  h i g h e s t  e f f i c i e n c y  c o n f i g u r a t i o n .  

A 

3.11 HEAT TRANSFER MATERIALS SELECTION 

3.11.1 Brine/Hydrocarbon Heat Exchanger 

Both carbon s t e e l  and t i t a n i u m  tubes a r e  expected t o  demonstrate a 30 year  l i f e  

i n  Heber b r i n e  (based on E l e c t r i c  Power Research I n s t i t u t e ,  Research P r o j e c t  846-1, 

Geothermal Heat Exchanger Tube M a t e r i a l  Test  under f l o w i n g  c o n d i t i o n s  a t  Heber(lJ), 

C a l i f o r n i a ,  t h e  Ben H o l t  Co., June 1977). Admi ra l ty  was found t o  degrade on 

exposure t o  Heber b r i n e .  

The s h e l l  s i d e  o f  t h e  heat  exchanger w i l l  be exposed t o  t h e  b i n a r y  hydrocarbon 

f l u i d  on ly .  A t  t h e  Heber u n i t  des ign temperature, carbon s t e e l  w i l l  e x h i b i t  a 

l i f e  i n  excess o f  30 years.  

A carbon s t e e l  s h e l l  exchanger w i t h  t i t a n i u m  tubes would c o s t  approx imate ly  

2.5 t imes as much as t h e  same exchanger w i t h  carbon s t e e l  tubes. Since t h e  use 

o f  t i t a n i u m  tubes appears t o  e x h i b i t  no advantage, t h e  lower  c o s t  carbon s t e e l  

o p t i o n  was chosen f o r  t h e  f i n a l  design. 

3-46 



3.11.2 Hydrocarbon Condenser 

The hydrocarbon condenser w i l l  have b i n a r y  f l u i d  hydrocarbon on t h e  s h e l l  s i de .  

Carbon s t e e l  w i l l  p r o v i d e  a des ign  l i f e  i n  excess o f  30 yea rs  f o r  t h e  s h e l l  s i d e .  

The tube  s i d e  o f  t h e  exchanger w i l l  a l s o  be exposed t o  p l a n t  c o o l i n g  water .  

Carbon s t e e l ,  A d m i r a l t y  and t i t a n i u m  were cons ide red  f o r  t h i s  s e r v i c e .  

I n d u s t r y  exper ience i n  t h e  I m p e r i a l  V a l l e y  i n d i c a t e s ,  w i t h  t h e  b e s t  c o o l i n g  water  

t r e a t m e n t  systems a v a i l a b l e ,  a 6-7 y e a r  l i f e  c o u l d  be expected f o r  carbon s t e e l  

tubes.  

n o t  a l l o w  t h e  use o f  an e f f e c t i v e  carbon s t e e l  c o r r o s i o n  i n h i b i t i o n  system. 

Carbon s t e e l  t u b e  l i f e  under t h e  proposed wa te r  q u a l i t y  s tandard  would be consid-  

e r a b l y  l e s s  t h a n  on yea r .  Both A d m i r a l t y  and t i t a n i u m  tubes a r e  expected t o  have 

a s e r v i c e  l i f e  i n  excess o f  30 yea rs ,  even w i t h  t h e  r e g u l a t e d  substandard water  

t r e a t m e n t  system. 

Water q u a l i t y  requi rements proposed t o  be imposed on t h e  Heber p l a n t  w i l l  

The hea t  exchanger c o s t s  f o r  a carbon s t e e l  s h e l l  exchanger w i t h  A d m i r a l t y  tubes 

i s  app rox ima te l y  1 .4  t imes  h i g h e r  t h a n  f o r  a carbon s t e e l  tube u n i t .  

tubes i n c r e a s e  t h e  premium t o  app rox ima te l y  2.5 t imes  h i g h e r  t h a n  an a l l  carbon 

s t e e l  u n i t .  

T i t a n i u m  

I n  o r d e r  f o r  t h e  l ower  c a p i t a l  c o s t  o f  an a l l  carbon s t e e l  u n i t  t o  be economica l l y  

c o m p e t i t i v e  w i t h  an A d m i r a l t y  t ube  u n i t ,  an expected l i f e  o f  17 y e a r s  would be 

r e q u i r e d  a t  a 15 p e r c e n t  c a r r y i n g  charge. A 15  y e a r  expected l i f e  would be 

r e q u i r e d  a t  a 23 p e r c e n t  c a r r y i n g  charge. Because t h e  r e q u i r e d  economical l i f e  
cannot  be m e t ,  carbon s t e e l  was dropped f rom f u r t h e r  c o n s i d e r a t i o n .  

Both A d m i r a l t y  and t i t a n i u m  w i l l  s a t i s f y  an e s t i m a t e d  l i f e  requi rement  o f  30 years.  

The i n i t i a l  c o s t  o f  t h e  A d m i r a l t y  tubed carbon s t e e l  exchanger i s  c o n s i d e r a b l y  

l e s s  t h a n  a s i m i l a r  u n i t  w i t h  t i t a n i u m  tubes. 

s h e l l  exchanger was t h e r e f o r e  s e l e c t e d  f o r  t h e  f i n a l  des ign.  

The A d m i r a l t y  tubed carbon s t e e l  

3.12 TURBINE P I P I N G  ECONOMICS 

D u r i n g  a rev iew  o f  t h e  EPRI/Holt c o n c e p t u a l / f e a s i b i l i t y  s t u d i e s  i t  became appar- 

e n t  t h a t  t h e  t u r b i n e  exhaust p i p i n g  c o n f i g u r a t i o n  c o u l d  s i g n i f i c a n t l y  a f f e c t  

3-47 



c y c l e  performance. One p s i  (7  kP) o f  p ressu re  drop between t h e  t u r b i n e  exhaust  

f l a n g e  and t h e  condenser i n l e t  has an e q u i v a l e n t  annual  c o s t  impact  o f  $47,000. 

Severa l  f a c t o r s  c o n t r i b u t e  t o  t h e  problem o f  m i n i m i z i n g  t h i s  e f f e c t  as f o l l o w s :  

0 The need f o r  v e r y  l a r g e  hydrocarbon condensers o p e r a t i n g  a t  e l e v a t e d  

p ressu re  and temperature t o  r e j e c t  app rox ima te l y  90 pe rcen t  o f  t h e  hea t  

energy i n p u t  t o  t h e  p l a n t .  

0 Very l a r g e  d iamete r  (up t o  74 inches o r  1.9 meters) exhaust p i p i n g  t o  

handle r e q u i r e d  hydrocarbon c i r c u l a t i o n  under t h e r m a l l y  induced s t r e s s  

fo rces .  

0 S a f e t y  hazards a s s o c i a t e d  w i t h  a system c o n t a i n i n g  a l a r g e  volume o f  

f lammable f l u i d  under pressure.  

These c o n s i d e r a t i o n s  e s t a b l i s h e d  t h e  need t o  o p t i m i z e  f a c t o r s  i n f l u e n c i n g  t h e  

r e l a t i o n s h i p  between p l a n t  c o s t s  and energy consumption. They a r e  i n f l u e n c e d  by: 

0 Turb ine  deck h e i g h t  

0 P i p i n g  c o n f i g u r a t i o n  

0 Use o f  expansion j o i n t s  

0 Rad ia l  versus a x i a l  t u r b i n e s  

0 Number o f  condenser s h e l l s  

3 .12.1 Study Case D e s c r i p t i o n s  

S i x  cases ( i d e n t i f i e d  h e r e i n  as A t h rough  F) were s e l e c t e d  f o r  i n v e s t i g a t i o n ( l 8 ) ,  - 
f i v e  i n v o l v i n g  an a x i a l  f l o w  t u r b i n e  and one i n v o l v i n g  a r a d i a l  f l o w  t u r b i n e .  

"Case A"  r e f l e c t s  t h e  equipment s e l e c t i o n s  and p i p i n g  c o n f i g u r a t i o n s  e s t a b l i s h e d  

i n  t h e  E P R I  Phase I study.  F o l l o w i n g  i s  a b r i e f  d e s c r i p t i o n  o f  each case. 

"Case A" 

T h i s  case was developed u s i n g  an a x i a l  f l o w  t u r b i n e  and t h e  Phase I conceptual  

s tudy.  The equipment 

was r e l o c a t e d  t o  improve p i p i n g  l a y o u t  and access requi rements.  I n  t h e  Phase I 
s tudy ,  e i g h t  (8) hydrocarbon condensers a r e  l o c a t e d  above f o u r  hydrocarbon accumu- 

l a t o r s ,  exhaust  p i p i n g  b l o c k  v a l v e s  a r e  employed a t  t h e  condensers, and t h e  

The equipment e l e v a t i o n s  correspond t o  t h e  H o l t  des ign.  
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exhaust p i p i n g  i s  connected t o  t o p  i n l e t  nozz les  on t h e  condensers. Thermal 

expansion o f  t h e  p i p i n g  i s  accommodated by t h e  p i p i n g  c o n f i g u r a t i o n .  

l o c a t i o n  above t h e  accumulators s e t  t h e  t u r b i n e  deck h e i g h t  a t  app rox ima te l y  

45 f e e t  (14 meters)  above grade. 

The condenser 

"Case B" 

T h i s  case i s  a l s o  based on an a x i a l  f l o w  t u r b i n e  and t h e  Phase I study.  However, 

t h e  condensers have been reduced i n  number f rom e i g h t  t o  f o u r  and have been 

l o c a t e d  as c l o s e  t o  grade as p o s s i b l e .  

t h e  condensers and t h e  b l o c k  va l ves  a r e  e l i m i n a t e d .  D e l e t i o n  o f  t h e  b l o c k  va l ves  

i n  t h e  exhaust  p i p i n g  and t h e  l o c a t i o n  o f  t h e  condensers a t  grade reduces t h e  

t u r b i n e  deck h e i g h t  t o  35 f e e t  (14.3 meters) above grade. 

t i o n  w i l l  accommodate thermal  expansion. 

The exhaust  p i p i n g  i s  man i fo lded  above 

The p i p i n g  c o n f i g u r a -  

"Case C" 

T h i s  case i s  based on an a x i a l  f l o w  t u r b i n e  and two (2)  hydrocarbon condensers 

w i t h  s i d e  i n l e t  nozz les.  The hydrocarbon condensers a r e  l o c a t e d  as c l o s e  t o  

grade as p o s s i b l e .  Because o f  t h e  s i z e  o f  t h e  hydrocarbon condensers 15 f e e t  

(4 .5 meters) i n  d iameter  by 80 f e e t  (32.7 meters) l ong ,  s h i p p i n g  c o u l d  be a 

problem. 

above grade, which i s  s e t  b y  t h e  condensers c l o s e  l o c a t i o n  t o  grade and t h e  use 

o f  s i d e  i n l e t  nozz les.  The p i p i n g  thermal  expansion i s  accommodated by t h e  

p i p i n g  c o n f i g u r a t i o n .  

The t u r b i n e  deck h e i g h t  i s  lowered t o  app rox ima te l y  27 f e e t  (11 meters)  

"Case D" 

Three p r e l i m i n a r y  s t u d i e s  were conducted u s i n g  expansion j o i n t s  i n  t h e  exhaust 

p i p i n g  t o  accommodate thermal  expansion. T h i s  case r e f l e c t s  t h e  b e s t  o f  these 

and has one expansion j o i n t  i n  each exhaust  l i n e  a t  t h e  t u r b i n e  nozz le.  

expansion j o i n t s  a l l o w  t h e  hydrocarbon condensers t o  be l o c a t e d  v e r y  c l o s e  t o  t h e  

t u r b i n e  genera to r  s t r u c t u r e .  

densers w i t h  i n l e t  connect ions on t h e  s ide .  As i n  "Case C" t h e  s i z e  o f  t h e  

condensers w i  11 c r e a t e  s h i p p i n g  problems. 

c l o s e  t o  grade w i t h  s i d e  i n l e t  nozz les ,  t h e  t u r b i n e  deck h e i g h t  w i l l  be about 

29 f e e t  (9  meters) above grade. T h i s  e l e v a t i o n  i s  2 f e e t  (0.6 meters) h i g h e r  

The 

T h i s  case uses an a x i a l  f l o w  t u r b i n e  and two con- 

Because o f  t h e  condensers b e i n g  l o c a t e d  
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A 

than "Case C," because o f  t he  expansion j o i n t  o v e r a l l  length.  The exhaust p i p i n g  

con f igu ra t i on  i s  reduced s i g n i f i c a n t l y  w i t h  the  use o f  expansion j o i n t s .  

"Case E" 

"Case E" i s  based on an a x i a l  f l o w  t u r b i n e  and 4 hydrocarbon condensers w i t h  s ide  

i n l e t  nozzles. It appears t h a t  t he  condensers f o r  t h i s  case w i l l  be a t  l e a s t  two 

o r  t h ree  f e e t  (0 .6 o r  0.9 meters) smal ler  i n  diameter than f o r  Cases C ,  D and F. 

Th is  w i l l  reduce the  problem o f  sh ipp ing.  

20 f e e t  (6 m e t e r s )  above grade w i t h  minimum t u r b i n e  exhaust p i p i n g  and the con- 

densers loca ted  as c lose t o  grade as poss ib le .  

The t u r b i n e  deck he igh t  i s  approximately 

Thermal expansion i s  accommodated by p i p i n g  con f igu ra t i on .  

"Case F" 

Th is  case i s  based on a r a d i a l  f l o w  t u r b i n e  w i t h  th ree  (3) hydrocarbon condensers 

i n  the  exhaust p ip ing .  

f l o w  pa t te rn .  The i n l e t  nozzles are on the  s ide  o f  t he  condensers. The conden- 

sers f o r  t h i s  case are l a r g e r  i n  diameter than i n  "Case E . "  
he igh t  i s  approximately 2 1  f e e t  (6 meters) above grade w i t h  the  condensers loca ted  

as c lose  t o  grade as poss ib le  and w i t h  the  minimum t u r b i n e  exhaust p ip ing .  

Thermal expansion i s  accommodated by p i p i n g  con f igu ra t i on .  

Three s h e l l s  were chosen t o  match the  t u r b i n e  exhaust 

The t u r b i n e  deck 

A 
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These cases a r e  summarized i n  t h e  f o l l o w i n g  t a b l e :  

Case - 

Turb ine  

Sty1 e 

Deck H e i g h t  

Condensers 

Number 

L o c a t i o n  

Nozzle Or ien-  
t a t i o n  

P i p i n g  

Expansion 
J o i n t s  

B l o c k  Valves 

Pressure Loss 

TABLE 3.12.1 

TURBINE P I P I N G  CASE SUMMARY 

A B C D E F 

A x i a l  A x i a l  A x i a l  Ax i  a1 A x i a l  Radia l  

45 F t  35 F t  27 F t  29 F t  20 F t  2 1  F t  

(14 M) (11 M) ( 8  M I  (9  M) (6 M I  (6 M) 

E i g h t  Four Two Two Four Three 

Above Grade A t  Grade A t  Grade A t  Grade A t  Grade A t  Grade 

TOP TOP Side Side Side Side 

No No No Yes No No 

Yes No No No No No 

2.19 p s i  2.60 p s i  1 .77 p s i  1.32 p s i  2.29 p s i  0.92 p s i  

(15 kP) (18 kP) (12 kP) (9 kP) (16 kP) (6kP) 

I \  
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3.12.2 Economics 

A c o s t  comparison o f  t h e  s i x  cases i s  t a b u l a t e d  i n  t h e  f o l l o w i n g  t a b l e s  

TABLE 3.12.2A 
TURBINE P I P I N G  CAPITAL COST COMPARISON 

C a p i t a l  Costs ( D i r e c t  F i e l d  Costs,  Dec.' 77 D o l l a r s )  
Case A B C D E F - 

P i p i n g  $ 856,000 $ 810,000 $ 732,000 $ 759,000 $ 792,000 $ 762,000 

Expansion N/A N/A N /A 124,000 N/A N/A 

Condensers 3,600,000 3,250,000 3,078,000 3,078,000 3,250,000 3,178,000 
T o t a l  $4,456,000 $4,060,000 $3,810,000 $4,061,000 $4,042,000 $3,940,000 

J o i n t s  

TABLE 3.12.2B 
TURBINE P I P I N G  ANNUAL COST COMPARISON 

Annual Costs (Dec. '77 D o l l a r s )  
Case A B C D E F 

F i x e d  Chgs. $ 632,660 $ 621,990 $ 583,690 $ 622,150 $ 619,230 $ 603,610 
@15.2l% 

*Per f  or- 
mance 
Pena l ty  102 930 122,200 831 190 620 040 107,630 43,240 

T o t a l  $ 785,590 $ 744,190 $ 666,880 $ 684,190 $ 726,860 $ 646,850 

* A t  $47,00O/year/psi ($6,714/year/kP) p ressure  l o s s  
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3.12.3 R e s u l t s  and Conclusions 

Resu l t s :  

0 The r a d i a l  f l o w  t u r b i n e  ("Case F")  has t h e  l o w e s t  annual c o s t  impact  as 

compared w i t h  f i v e  a x i a l  f l o w  t u r b i n e  exhaust system c o n f i g u r a t i o n s .  

0 "Case C" employing two hydrocarbon condensers has t h e  l e a s t  annual 

impact  among t h e  f i v e  a x i a l  f l o w  t u r b i n e  c o n f i g u r a t i o n s  evaluated.  

Conclus ions:  

0 P i p i n g  and l a y o u t  problems a r e  about t h e  same r e g a r d l e s s  o f  t h e  t y p e  o f  

t u r b i n e  employed, and t h e  d i f f e r e n t i a l  c o s t  impact  i s  m in ima l .  

0 I n  o r d e r  t o  m a i n t a i n  exhaust f l o w  symmetry ( t h r u s t  ba lance)  two o r  f o u r  

condenser s h e l l s  a r e  r e q u i r e d  f o r  t h e  a x i a l  t u r b i n e  w h i l e  t h r e e  o r  s i x  

s h e l l s  a r e  necessary f o r  t h e  r a d i a l  t u r b i n e .  

0 Because o f  we igh t  l i m i t a t i o n s ,  t h e  use o f  two o r  t h r e e  condenser s h e l l s  

w i l l  n e c e s s i t a t e  f i e l d  t u b i n g .  

0 The l a r g e  d iameters o f  t h e  two and t h r e e  s h e l l  condensers may i n v o l v e  

s p e c i a l  t r a n s p o r t a t i o n  problems. 

0 Any one o f  t h e  cases s t u d i e d  can be accommodated on t h e  proposed s i t e .  

0 A t u r b i n e  deck h e i g h t  on t h e  o r d e r  o f  20-30 f e e t  (6-9 meters) i s  f e a s i -  

b l  e. 

0 There i s  no economic i n c e n t i v e  t o  use expansion j o i n t s  i n  t h e  exhaust 

p i p i n g .  

0 Bottom o u t l e t  t u r b i n e  exhaust  connec t ions  a r e  p r e f e r r e d  i n  o r d e r  t o  

a v o i d  i n t e r f e r e n c e  w i t h  t h e  g a n t r y  crane and t o  a v o i d  t h e  need o f  major  

p i p e  removal f o r  t u r b i n e  maintenance. 
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Subsequent t o  t h e  comp le t i on  o f  t h i s  s tudy ,  an a d d i t i o n a l  case was eva lua ted  

i n v o l v i n g  l o c a t i n g  t h e  t u r b i n e  genera to r  a t  grade and employing t o p  exhaust 

connect ion(s)  f rom t h e  t u r b i n e .  

sponds c l o s e l y  t o  Case B. 
The performance p e n a l t y  f o r  t h i s  case c o r r e -  

The c a p i t a l  c o s t  i s  reduced by approx ima te l y  $75,000 th rough  t h e  e l i m i n a t i o n  o f  

t h e  t u r b i n e  pedes ta l .  However, t h i s  has o n l y  a m ino r  e f f e c t  on t h e  f i x e d  annual 

c o s t  and does n o t  change t h e  above no ted  r e s u l t s  and conclus ions.  

T h i s  case p resen ts  seve ra l  d isadvantages i n c l u d i n g :  

0 The need t o  d i s m a n t l e  l a r g e  p i p i n g  f o r  t u r b i n e  maintenance combined 

w i t h  t h e  added c o s t  and hazards o f  employ ing b reakou t  f l anges .  

0 P i p i n g  arrangement l a y o u t  problems t o  a l l o w  g a n t r y  crane access f o r  

t u r b i n e  and genera to r  maintenance. 

3.13 TURBINE-GENERATOR DEVELOPMENT 

The o p t i m i z e d  b a s e l i n e  des ign  t u r b i n e - g e n e r a t o r  performance requi rements a r e  

h i g h l i g h t e d  below. 

Ro to f l ow ,  and t h e  proposed use o f  two h a l f - c a p a c i t y  t u r b i n e s  i s  b r i e f l y  summarized. 

A lso,  t h e  development work per formed f o r  E P R I  by E l l i o t t  and 

3 .13 .1  Turb ine-Generator  Performance C h a r a c t e r i s t i c s  

Gross Output:  65 MWe 

Synchronous Speed: 1800 o r  3600 rpm 

Working F l u i d :  isobutane/ isopentane (90/10 mol p e r c e n t )  

Approximate T h r o t t l e  Cond i t i ons :  

Es t ima ted  F u l l  T h r o t t l e  Flow: 

Es t ima ted  Tu rb ine  E f f i c i e n c y :  83 p e r c e n t  

Generator  Output:  

Generator  Cool ing:  Hydrogen 

Turb ine  Opt ions:  a x i a l  f l o w  o r  r a d i a l  i nward  f l o w  machine w i t h  s i n g l e  

o r  m u l t i p l e  c y l i n d e r s .  

575 p s i a  (3,965 kPa) and 305OF (152OC) 

7.8 x l o 6  l b s / h r  (3.5 Mkg/h) 

65 MWe a t  13,800 v o l t s ,  3-phase, 60 h e r t z  
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3.13.2 A x i a l  Flow Turb ine  Study 
6$ 

The E l l i o t t  Company per formed a s tudy  f o r  E P R I  t o  e v a l u a t e  an a x i a l  f l o w  t u r b i n e  

des ign  f o r  geothermal a p p l i c a t i o n s ( l 2 ) .  A b r i e f  summary o f  t h i s  s tudy  f o l l o w s :  

0 A 65 MWe t u r b i n e - d r i v e n  genera to r  i s  f e a s i b l e  f o r  t h e  hydrocarbon 

m i x t u r e s  a n t i c i p a t e d  f o r  t h e  Heber p l a n t .  

The t u r b i n e  cons ide red  i s  a s i n g l e  c y l i n d e r ,  double f l o w ,  t h r e e  s tage,  

3600 rpm machine d i r e c t l y  coup led  t o  a 13,800 v o l t ,  two po le ,  hydrogen- 

coo led  genera to r .  

0 The t u r b i n e  i s  designed t o  ope ra te  w i t h i n  t h e  superheat r e g i o n  o f  t h e  

Mol 1 i e r  c h a r t s  f o r  80/20 isobutane/ isopentane and 90/10 isobutane/propane 

m i x t u r e s .  

0 No new m a t e r i a l s  o f  c o n s t r u c t i o n  would be r e q u i r e d .  

@ Tu rb ine  aerodynamics a r e  subsonic,  and t h e  s tages a r e  adapted f rom gas 

and steam t u r b i n e  vane p r o f i l e s .  

0 Wel l  proven t u r b i n e  s h a f t  seal  des igns a r e  a v a i l a b l e  t h a t  w i l l  keep t h e  

gas w i t h i n  t h e  system and a v o i d  hazardous leakage c o n d i t i o n s .  

0 C o n t r o l  schemes a r e  based on c u r r e n t  p r a c t i c e s .  F u r t h e r  s t u d i e s  o f  

c o n t r o l  response requi rements a r e  recommended. 

3.13.3 Radia l  I n f l o w  Turb ine  Study 

The Ro to f l ow  C o r p o r a t i o n  per formed a stud,y f o r  E P R I  t o  e v a l u a t e  a r a d i a l  i n f l o w  

a p p l i c a t i o n s ( 2 ) .  A b r i e f  summary o f  t h i s  s tudy  t u r b i n e  des ign  f o r  geotherma 

f o l l o w s :  

e An inward  r a d i a l  f 

p l a n t .  

ow hydrocarbon t u r b i n e  i s  f e a s i b l e  f o r  t h e  Heber 
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0 The t u r b i n e  cons ide red  uses a 50- inch (1.3 meter)  d iameter  double wheel 

i n s t a l l e d  i n  a h o r i z o n t a l l y  s p l i t  c y l i n d e r  w i t h  s i n g l e  i n l e t  and exhaust 

connect ions.  The t u r b i n e  d r i v e s  a genera to r  o p e r a t i n g  a t  3600 rpm, 

t s  d e l i v e r i n g  65 MW,. 13,800 vo 

0 The r a d i a  

se lec ted .  

expansion 

i n f l o w  b lade  des ign  would be o p t i m i z e d  f o r  t h e  b i n a r y  f l u i d  

Ro to f l ow  m a i n t a i n s  t h a t  t h e  b l a d e  des ign  can accommodate 

th rough  t h e  wet  reg ions  o f  t h e  M o l l i e r  c h a r t s  w i t h o u t  mech- 

a n i c a l  problems. 

0 Scaleup o f  wheel s i z e  i s  r e q u i r e d  f rom a s i n g l e  wheel, 10,000 horsepower 

(7.5 MW) des ign  t o  t h e  2-wheel, 87,000 horsepower (64.8 MW) des ign  

r e q u i r e d  f o r  Heber. 

0 T h i s  t u r b i n e  uses h i g h  s t r e n g t h ,  j o u r n a l - t y p e  bear ings ,  t h r u s t  l o a d  

c o n t r o l  on t h r u s t  bea r ings ,  and s t i f f  s h a f t  c o n s t r u c t i o n .  

0 C o n t r o l  system components used a r e  c o n s i s t e n t  w i t h  performance o f  

conven t iona l  steam t u r b i n e  c o n t r o l s .  

3.13.4 H a l f  Capac i t y  versus F u l l  Capac i t y  Turb ines 

From t h e  conceptual  d e s i g n  s t u d i e s  per formed f o r  E P R I  by t h e  E l l i o t t  Company and 

t h e  Ro to f l ow  Corpo ra t i on ,  i t  appears t h a t  b o t h  t u r b i n e  concepts ( a x i a l  and r a d i a l )  

a r e  t e c h n i c a l l y  v i a b l e  b u t  unproven i n  t h e  commercial s i z e  e s t a b l i s h e d  f o r  t h e  

Heber p l a n t .  I n  keeping w i t h  t h e  p r o j e c t  o b j e c t i v e s ,  o p e r a t i o n  o f  a l a r g e  machine 

i s ,  t h e r e f o r e ,  needed t o  e s t a b l i s h  commercial acceptance. 

Under t h e  p r o j e c t  ground r u l e s ,  one t u r b i n e  w i l l  be purchased f o r  i n s t a l l a t i o n  i n  

t h e  p l a n t .  

To a v o i d  t h i s  problem, c o n s i d e r a t i o n  was g i v e n  t o  an a l t e r n a t i v e  p l a n t  des ign  

i n v o l v i n g  t h e  use o f  two h a l f  c a p a c i t y  t u r b i n e  genera to rs  (one a x i a l  and one 

r a d i a l )  each w i t h  i t s  own hydrocarbon loop  and contro ls(=) .  

shown on F i g u r e  3.13.4A. 

Thus, o n l y  one t u r b i n e  concept  ( a x i a l  o r  r a d i a l )  would be demonstrated. 

T h i s  concept i s  

The advantages o f  t h i s  concept  are:  
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0 Failure Risk Mitigation: I f  one turbine experiences extended problems 
and is inoperable, plant operation can be continued. 

0 Additional Data Available: Both turbine concepts are demonstrated. 

0 Operational Flexibility: Plant can be operated on either turbine or 
with one turbine load-blocked while the other one is subjected to 
experimental testing. 

Disadvantages are: 

0 Turbine Capacity: Machine size would be well below commercially attrac- 
tive capacity and not fully representative o f  a commercial size unit. 

0 Plant Complexity: 
operate and maintain, and would make operational control more complex 

Two train concept would involve more equipment to 

0 Costs: The economy o f  scale is in the direction o f  high cost intensity 
resulting in a plant capital cost impact in the order o f  15 to 20 
percent. 

Because o f  the cost intensity o f  two half capacity turbines, a decision was made 
by SDG&E to use one full capacity turbine generator unit. 
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S e c t i o n  4 

COST ANALYSES AND SCHEDULE 

This  s e c t i o n  desc r ibes  t h e  t o t a l  P r o j e c t  Schedule and d e p i c t s  t h e  o v e r a l l  p r o j e c t  

e x e c u t i o n  p l a n  i n  b a r c h a r t  form w i t h  ma jo r  m i les tones  i d e n t i f i e d .  The r e s u l t s  of  

economic s t u d i e s  and busbar c o s t  o f  power a r e  a l s o  presented based on t h e  program 

l o g i c  r e f l e c t e d  i n  t h e  P r o j e c t  Schedule. 

4 . 1  PROJECT SCHEDULE 

The schedule prepared i n  January, 1978 had a t a r g e t  comp le t i on  d a t e  f o r  t h e  power 
p l a n t  of  mid-1981. Th is  comp le t i on  d a t e  was extended one y e a r  i n  o r d e r  t o  secure 

c o s t  s h a r i n g  f rom t h e  Department o f  Energy (DOE) geothermal c o m m e r c i a l i z a t i o n  

program (Express ion  o f  I n t e r e s t  and Program O p p o r t u n i t y  N o t i c e ) .  

i n  J u l y ,  1978 t h a t  t h e  Heber p r o j e c t  would n o t  r e c e i v e  f e d e r a l  f u n d i n g .  However, 

i f  t h e  Heber b i  nary c y c l e  p r o j e c t  had been se lec ted ,  process engi  n e e r i  ng/desi  gn 

and procurement a c t i v i t i e s  would have commenced i n  September, 1978. 

P r o j e c t  Schedule was developed assuming t h e  i n i t i a t i o n  o f  these a c t i v i t i e s  i n  

September , 1978. 

DOE announced 

The c u r r e n t  

Tile major  a c t i v i t i e s  and m i les tones  o f  each phase a r e  d e p i c t e d  on t h e  P r o j e c t  

Schedule shown i n  F i g u r e  4.  The schedule rep resen ts  t h e  o v e r a l l  p r o j e c t  p l a n  i n  
b 3 r c h a r t  form. The b a s i s  f o r  t h e  p r o j e c t  p l a n  a r e  t h e  i n d i v i d u a l  work packages 

and c r i t  c a l  pa th  schedules developed f o r  t h e  p r o j e c t  scope of  work. 

r e f l e c t s  a comp le t i on  window t h a t  begins w i t h  d e t a i l e d  mechanical  systems eng i -  
n e e r i  ng n September, 1978, and ends w i  t h  c o n s t r u c t i o n  mechanical  compl e t i  on and 

s t a r t - u p  i n  e a r l y  1982 w i t h  o p e r a t i o n  by J u l y ,  1982. 

This  schedule 

The c u r r e n t  P r o j e c t  Schedul e was devel  oped t o  accommodate major  i nvol  vement by 

S D G i E  Eng ineer ing  i n  t h e  development and r e v i e w  o f  mechanical  system packages. 

For t h i s  reason t h e  c r i t i c a l  pa th  schedule f l o w s  through t h e  comp le t i on  o f  

sys tems engi  n e e r i  ng , t h e  r e l e a s e  o f  ma jo r  equi  pment procurement, and t h e  r e c e i p t  

o f  vendor da ta  t o  s u s t a i n  t h e  d e t a i l e d  d e s i g n  development and n o t  through major  

equipment d e l i v e r i e s .  

l o n g e s t  d e l i v e r y  (20 t o  24 months) .  

The t u r b i n e  genera to r  u n i t  i s  a n t i c i p a t e d  t o  have t h e  

Grs 
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The economic e v a l u a t i o n s  d e s c r  

schedu le  l o g i c  and r e p r e s e n t a t  

4 .2  CAPITAL COST ESTIMATE 

bed i n  t h e  rema 

v e  t i m e  p e r i o d s  

nder  o f  t h i s  s e c t i o n  employed t h e  

p resen ted  i n  F i g u r e  4 .  

'The i n s t a l l e d  i n v e s t m e n t  f o r  t h e  power p l a n t  w i l l  i n c l u d e  d i r e c t  and i n d i r e c t  

c a p i t a l  c o s t s  . The t o t a l  c a p i t a l  i n v e s t m e n t  r e p r e s e n t s  t h e  c a p i  t a l  necessary  t o  

i n s t a l l  t h e  process  equ ipment  w i t h  a l l  a u x i l i a r i e s  t h a t  a r e  needed f o r  comp le te  

p l a n t  o p e r a t i o n .  The d i r e c t  c a p i t a l  c o s t s  i n v o l v e  t h e  e x p e n d i t u r e s  i n  t h e  areas  

o f  p r o j e c t  i m p l e m e n t a t i o n  and p l a n n i n g ,  l i c e n s i n g  and env i ronmen ta l  , e n g i n e e r i n g /  

d e s i g n  and procurement ,  c o n s t r u c t i o n ,  and s t a r t - u p .  The i n d i r e c t  c a p i t a l  i n v e s t -  

ment i s  composed o f  e s c a l a t i o n  and a l l o w a n c e  f o r  f unds  d u r i n g  c o n s t r u c t i o n  (AFDC) 

accumula ted  p r i o r  t o  p l a n t  o p e r a t i o n .  

V a r i o u s  l e v e l s  o f  d e t a i l  can  be employed f o r  e s t i m a t i n g  c a p i t a l  i n v e s t m e n t .  The 

p r e l i m i n a r y  o r  p r e d e s i g n  c o s t  e s t i m a t e  deve loped f o r  t h i s  r e p o r t  i s  based on 
s u f f i c i e n t  d a t a  t o  p e r m i t  t h e  e s t i m a t e  t o  be budgeted  w i t h  a p r o b a b l e  accuracy  o f  

- +20 p e r c e n t .  

o f  a l t e r n a t i v e  d e s i g n s .  

d e f i n e  and c o n t r o l  t h e  work  p l a n .  Each m a j o r  work breakdown e lemen t  d e f i n e d  a l l  

o f  t h e  t a s k s  necessary  t o  accomp l i sh  an i d e n t i f i a b l e  scope o f  work .  The P r o j e c t  

I m p l e m e n t a t i o n  and P l a n n i n g  e lemen t  i n c l u d e d  SDG&E p r o j e c t  management f u n c t i o n s ,  

i n c l u d i n g  t h e  t e c h n i c a l  , f i n a n c i a l  and s c h e d u l i n g  a s p e c t s .  The L i c e n s i n g  and 

Env i ronmen ta l  e lemen t  was composed o f  t h e  SDG&E e f f o r t  c o n c e r n i n g  1 i c e n s i  ng , 
p e r m i t t i n g  and env i ronmen ta l  i m p a c t  r e p o r t i n g .  The Eng ineer ing /Des ign  and Pro-  

curement  e lemen t  i n v o l v e d  o p t i m i z a t i o n  s t u d i e s ,  p r e l i m i n a r y  and d e t a i l e d  e n g i n e e r -  

i ng/des ign  and procurement  as pe r fo rmed  by  F1 u o r  Eng i  neers  and C o n s t r u c t o r s  and 

SDGetE. 

t e c h n i c a l  e f f o r t s .  

done by  F l u o r  Eng ineers  and C o n s t r u c t o r s  and SDG&E compr ised t h e  c o n s t r u c t i o n  

e lemen t .  The s t a r t - u p  e lemen t  i n v o l v e d  t h e  p l a n t  c h e c k o u t  and s t a r t - u p  t o  be 

done by  SDG&E. 

T h i s  t y p e  o f  e s t i m a t e  i s  i m p o r t a n t  because i t  p e r m i t s  compar ison 

The p r o j e c t  employed a work  breakdown s t r u c t u r e  t o  

The Ben H o l t  Company a l s o  p r o v i d e d  e n g i n e e r i n g  s u p p o r t  s e r v i c e s  t o  t h e  

C o n s t r u c t i o n  management and e r e c t i o n  o f  t h e  f a c i l i t y  t o  be 

P r e l i m i n a r y  e s t i m a t e s  o f  t h e  m a j o r  c o s t  e lements  o f  t h e  p r o j e c t  a r e  as shown i n  

Tab le  4 .2 .  The f i x e d  c o s t s  a r e  d e p i c t e d  i n  1977 d o l l a r s  and i n c l u d e  a 15 p e r c e n t  

c o n t i n g e n c y  f o r  a l l  e lements  e x c e p t  f o r  c o n s t r u c t i o n  wh ich  has a 20 p e r c e n t  

c o n t i n g e n c y .  Equipment and m a t e r i a l s  c o s t s  i n c l u d e  C a l i f o r n i a  s a l e s  t a x  a t  

6 p e r c e n t .  
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TABLE 4.2 

CAPITAL COST ESTIMATE 

($*Mi l l ion)  

Pro jec t  Implementation and Planning 

Licensing and Environmental 

EngineeringDesign and Procurement 

Construction 

Start-up 

Br ine I n j e c t i o n  Line 

D i r e c t  Cost: 

Escalat ion 

AFDC 
I n s t a l l e d  Cost: 

A 

0.92 

0.16 

5.96 

29.63 

0.58 

1.45 

$38.70 ($860/kw) 

10.89 

4.99 

$54.58 ($1213/kw) 

Notes: 

(1) D i r e c t  costs i n  1977 do l l a rs .  

(2) D i r e c t  cos t  elements include contingency o f  15% except cons t ruc t ion  which 

i s  20%. 
(3) Escalat ion ra tes  are 8% f o r  labor  and 6% f o r  mater ia l .  

(4) Includes 6% C a l i f o r n i a  sales tax  on equipment and mater ia l .  

(5) Net capacity: 45MWe t o  I I D  d i s t r i b u t i o n  system. 

The b r i n e  i n j e c t i o n  l i n e  has been included as a separate element i n  the d i r e c t  

cos t  estimate. I t  had been proposed t h a t  the p r o j e c t  pay a l l  costs associated 

w i t h  the design, engineering, and cons t ruc t ion  o f  the p i p e l i n e  i n  exchange f o r  a 

favorable reduc t ion  i n  the p r i c e  o f  geothermal heat from the  rese rvo i r  operator. 

The corresponding p r i c i n g  agreement i s  discussed i n  more d e t a i l  i n  Section 4.3. 

The t o t a l  f i x e d  c a p i t a l  investment f o r  the power p l a n t  amounts t o  $38.70 m i l l i o n  

i n  1977 do l l a rs .  

t o  be operat ional  i n  1977. 

Th is  represents $860/kw f o r  a 45 MWe (net) b ina ry  power p l a n t  

The f i x e d  costs are estimated from cos t  data ava i l ab le  f o r  immediate use - 1977 

base year. Because equipment and mater ia l  p r i ces  change considerably w i t h  time, 

A 
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an esca la t i on  component has been included t o  c o r r e c t l y  represent the  i n s t a l l e d  

c a p i t a l  cost. 

based upon SDG&E's corporate estimates f o r  increases i n  labor  and mater ia l  ind ices  

experienced on o ther  cons t ruc t ion  a c t i v i t i e s .  

and 6 percent f o r  labor  and mater ia l ,  respec t ive ly .  

The $10.89 m i l l i o n  esca la t ion  component o f  the  i n d i r e c t  costs i s  

These annual ra tes  are 8 percent 

The l a s t  element o f  the  c a p i t a l  cos t  est imate i s  the  allowance f o r  funds dur ing  

cons t ruc t ion  (AFDC) component o f  the  i n d i r e c t  costs. 

dur ing  cons t ruc t ion ,  represents the  ca r ry ing  costs accumulated on expenditures 

from i n i t i a t i o n  u n t i l  operat ion o f  the  power p l a n t  and amounts t o  $4.99 m i l l i o n .  

The al lowable r a t e  var ies  from 6 t o  7 percent per annum dur ing  t h i s  pe r iod  o f  

t ime based on SDG&E's f i n a n c i a l  cond i t ion .  

AFDC, a l so  termed i n t e r e s t  

The t o t a l  i n s t a l l e d  c a p i t a l  cos t  f o r  the  power p l a n t  i s  est imated t o  be $54.58 

m i l l i o n  and i s  based on the  schedule l o g i c  discussed i n  Section 4.1 and the  

f i n a n c i a l  cond i t ions  associated w i t h  a p r i v a t e  u t i l i t y .  This represents $1213/kw 

f o r  a 45 MWe ne t  b ina ry  p l a n t  t o  be operat ional  i n  mid-1982. 

4.3 OPERATION AND MAINTENANCE (Om) COSTS 

The cos t  o f  opera t ing  and main ta in ing  the  power p l a n t  i s  d i r e c t l y  connected w i t h  

the  product ion o f  e l e c t r i c i t y  and, there fore ,  included i n  the busbar cos t  o f  

power. 

as fo l lows: 1) f i x e d  costs, 2) va r iab le  costs, and 3) energy costs. The f i x e d  

and va r iab le  costs have been estimated based on SDG&E's cu r ren t  s t a f f i n g  f o r  i t s  

o i l -s team power p lan ts ,  as mod i f ied  t o  r e f l e c t  the  experience gained i n  operat ing 
the  N i land Geothermal Loop Experimental F a c i l i t y .  Energy expenses are based on 

the  negot iated agreements w i t h  the  heat supp l ie r ,  Chevron Resource Company. 

These expenses, as considered here, are d i v ided  i n t o  th ree  c l a s s i f i c a t i o n s  

The annual f i x e d  O&M costs inc lude a considerable amount o f  expense f o r  operat ion 

and maintenance t o  keep the  p l a n t  i n  e f f i c i e n t  operat ing cond i t ion .  

inc lude supervisory, c l e r i c a l  and operat ing labor;  maintenance labor ;  overhead on 

l abo r  i n v o l v i n g  medical services,  employee bene f i t s  and soc ia l  secur i ty ;  mainte- 

nance mater ia ls ;  accruals f o r  major overhauls; and general items such as insurance 

and proper ty  taxes. 

i n s t a l l e d  c a p i t a l  cos t  by 0.7 percent. 

day overhaul every two years. 

Table 4.3A, and i t  t o t a l s  $1,607,000 i n  1977 d o l l a r s .  

These expenses 

Maintenance mater ia ls  have been estimated by m u l t i p l y i n g  the  

Major overhaul costs are based on a 30 
The breakdown o f  the f i x e d  expenses i s  shown i n  
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TABLE 4.3A 
SUMMARY OF OPERATION AND MAINTENANCE COSTS 

(1977 D o l l a r s )  

Annual O&M Costs 

Fixed Costs 

D i r e c t  Labor - Operation 

Maintenance 

Subtotal  

Administrat ive and General @ 110% 

Tota l  Labor 

Maintenance M a t e r i a l s  

- Annual 

- Major Overhauls 

Tota l  M a t e r i a l s  

TOTAL FIXED COSTS 

V a r i a b l e  Costs 

Operation M a t e r i a l s  

Typical  P l a n t  Capacity Factor - 70% 

Tota 

TOTAL O&M 

V a r i a b l e  Costs (0.70 x $390,000) 

COSTS 

$ 340,000 
125,000 

$ 465,000 

512 , 000 

$ 977,000 

$ 380,000 
250,000 

$ 630,000 

$1 , 607,000 $1,607,000 

$ 390,000 

$273 , 000 $ 273,000 

$1,880,000 
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Var iab le  costs inc lude estimates f o r  the  cos t  o f  coo l ing  water and operat ing 

suppl ies which r e f l e c t  the  long-term capac i ty  f a c t o r  o f  the  p lan t .  

makeup d i ve r ted  from one o f  the f resh  water canals would be purchased from the  

Imper ia l  I r r i g a t i o n  D i s t r i c t  and amount t o  approximately $320,000 f o r  5300 acre- 

f e e t  ( 6 . 5 4  MM m ) annually. 

app l ied  t o  i n d u s t r i a l  a c t i v i t i e s  i n  the Imper ia l  Va l ley . )  The cos t  est imates 

r e f l e c t  continued use o f  f resh  water because no engineering has y e t  been performed 

on the  use o f  a l t e r n a t i v e  sources. Operating suppl ies a re  the  many miscellaneous 

ma te r ia l s  needed t o  keep the  p l a n t  f unc t i on ing  e f f i c i e n t l y  such as char ts ,  l u b r i -  

cants, water treatment and t e s t  chemicals, and o f f i c e  supplies. The t o t a l  va r iab le  

expenses are estimated t o  amount t o  $370,000 per year a t  f u l l  load. 

long-term capac i ty  f a c t o r  o f  70 percent, the  t o t a l  annual va r iab le  O&M costs 

would t o t a l  $273,000 i n  1977 d o l l a r s  as i nd i ca ted  on Table 4.3A. 

Cooling water 
crs 

3 (The u n i t  p r i c e  r e f l e c t s  an t i c ipa ted  increases t o  be 

Based on a 

The t o t a l  f i x e d  and va r iab le  O&M costs amount t o  $1,880,000 annually. 

costs a re  estimated t o  escalate a t  7 percent per  annum from the 1977 base year. 

These 

The p r o j e c t  would have purchased geothermal heat energy from the  rese rvo i r  devel- 

opers, represented by Chevron Resources Company. 

o f  the heat purchase agreement have no t  been completed as y e t ;  however, an agree- 

ment has been reached as t o  the  p r i c i n g  method t h a t  w i l l  be used. 

The exact terms and cond i t ions  

The " f u e l "  o r  energy charge would be separated i n t o  f i x e d  and va r iab le  por t ions .  

The f i x e d  p o r t i o n  would be p a i d  regardless o f  the  capac i ty  f a c t o r  achieved by the 

p l a n t  and represents a minimum f u e l  charge. 

i n  d i r e c t  r e l a t i o n  t o  fuel  used; i . e . ,  t o  the  capac i ty  f a c t o r  achieved by the  
p lan t .  The t o t a l  f u e l  charge would be the  sum o f  t he  f i x e d  and va r iab le  charges. 

I n  add i t ion ,  bo th  po r t i ons  would escalate from mid-1977 according t o  ra tes  based 

on U.S. Government - compiled s t a t i s t i c a l  indices.  The basis f o r  the  p r i c i n g  

agreement, w i t h  SDG&E's estimates o f  esca la t i on  ra tes ,  i s  shown i n  Table 4.38. 

The va r iab le  p o r t i o n  would be p a i d  
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(1). Base Heat P r i ce  . 

Base Year: 

TABLE 4.38 

BASIS  FOR P R I C I N G  OF GEOTHERMAL ENERGY 

Fixed") and Var iable Charge 

Percentages: 

Esca la t ion  Estimate: 

6 $0.66/10 Btu  ex t rac ted  from b r i n e  

M i  d- 1977 

F i r s t  two years: 50% f i x e d  

50% va r iab le  

Thereafter: 75% f i x e d  

25% va r iab le  

Fixed charge: 7% per annum 
Var iab le  charge: 9% per  annum 

NOTES: 

(') Assumes i n j e c t i o n  p i p e l i n e  included i n  power p l a n t  c a p i t a l  costs. 

(2) The f i x e d  f u e l  charge i s  ca l cu la ted  as the given percentage o f  the  f u e l  

charge t h a t  would be p a i d  i f  the  p l a n t  were t o  operate a t  100 percent 

capaci ty.  

A 
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The heat purchase agreement s p e c i f i e d  t h a t  t he  power p l a n t  

power t o  the  b r i n e  produc t ion  f a c i l i t i e s  p r i m a r i l y  f o r  t he  

capac i ty  would be inc luded i n  the  s t a t i o n  a u x i l i a r i e s  requ 

would supply e l e c t r i c a l  

downhole pumps. Th is  

remen t s . 

The energy usage would be metered and a c r e d i t  app l i ed  t o  the  f u e l  charges. The 

average annual c r e d i t  i s  est imated a t  $2.7 m i l l i o n  based on a long-term capac i ty  

f a c t o r  o f  70 percent .  

4.4 BUSBAR COST OF POWER 

Business en te rp r i ses  employ var ious methods f o r  comparing a1 t e r n a t i v e  proposals 

i n v o l v i n g  the  r e c e i p t  o r  expenditure o f  money. 

l e v e l i z e d  revenue requirements as i t s  method o f  comparing the  f i n a n c i a l  e f f e c t s  

o f  proposed p ro jec ts .  Th is  method has the  advantage o f  a l l ow ing  the  comparison 

o f  a l t e r n a t i v e s  i n v o l v i n g  costs  t h a t  d i f f e r  i n  t im ing  o r  amounts o r  both. This  

l e v e l i z e d  revenue requirement i s  developed by r e s t a t i n g  costs  through d iscount ing  

methods t o  an annu i ty  over a c e r t a i n  predetermined per iod.  

SDG&E has e lec ted  t o  measure 

For a power p l a n t ,  revenues are requ i red  t o  recover f u e l  and O&M costs ,  pay a l l  

taxes, deprec iate the  c a p i t a l  investment, and prov ide  a r e t u r n  on t h a t  investment 

a t  SDG&E's r a t e  o f  re tu rn .  

comparison o f  power p l a n t s  o f  d i f f e r e n t  s ize.  

i s  s imply  the  t o t a l  revenue requirements f o r  a year  d i v i d e d  by the  amount of 

e l e c t r i c a l  energy generated i n  t h a t  year. 

w i l l  be c o n t i n u a l l y  r i s i n g  due t o  esca la t ion ,  and c o n t i n u a l l y  vary ing  because o f  

changes i n  capac i ty  f a c t o r ,  t he  y e a r l y  busbar cos t  o f  power w i l l  no t  be constant. 
Therefore, t o  compare d i f f e r e n t  generat ion a l t e r n a t i v e s ,  t he  l e v e l i z e d  u n i t  cos t  

o f  energy i s  determined by f i r s t  d iscount ing  the  annual revenue requirements, and 

d i v i d i n g  by the  appropr ia te  annu i ty  f a c t o r .  The r e s u l t a n t  value i s  t he  l e v e l i z e d  

revenue t h a t  must be earned i n  each year  o f  t he  p l a n t ' s  opera t ing  l i f e  t o  recover 

c a p i t a l  costs ,  and t o  pay a l l  taxes, f u e l  and O&M costs. D i v i d i n g  t h i s  l e v e l i z e d  

revenue requirement by the  l e v e l  i zed  energy generated annual ly  y i e l d s  the  l e v e l  i z e d  

u n i t  cos t  o f  product ion.  

Power p roduc t ion  costs  must be normalized t o  a l l ow  

A u n i t  cos t  o f  power ( i n  mi l ls /kwh)  

Since the  costs  o f  opera t ing  the  p l a n t  

The f i n a n c i a l  parameters u t i l i z e d  t o  c a l c u l a t e  the  revenue requirements are SDG&E 

corporate assumptions and are tabu la ted  i n  Table 4.4A. 

used i n  developing the  busbar cos t  o f  power from the  p l a n t  have a l l  been discussed 

The pr imary parameters 
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p r e v i o u s l y  and a r e  shown i n  Table 4.48. The r e s u l t a n t  l e v e l i z e d  busbar c o s t  i s  

137 m i l l d k w h .  

O&M (15 percent) ,  and p l a n t  c a p i t a l  '(23 percent) .  The f i r s t  year  (1982) c o s t  a t  

a 40 percent  c a p a c i t y  f a c t o r  i s  95 mi l l s /kwh;  i f  a 75 percent  c a p a c i t y  f a c t o r  

c o u l d  be achieved, t h e  busbar c o s t  would be reduced t o  64 m i l l d k w h .  

Th is  i s  t h e  t o t a l  o f  t h e  components represent ing  heat  (62 percent) ,  

n 
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TABLE 4.4A 

FINANCIAL ASSUMPTIONS USED I N  

DETERMINING REVENUE REQUIREMENTS 

Book Deprec iat ion L i f e  (years) 

Federal Tax Deprec iat ion L i f e  (years) 

S ta te  Tax Deprec iat ion L i f e  (years) 

Debt Ra t io  (%> 
Common Stock Rat io  (%> 

Pre fer red  Stock Rat io  (%) 

Cost o f  Debt (%> 

Rate o f  Return on Common Stock (%> 
Rate o f  Return on Pre fer red  Stock (%> 

Federal Tax Rate (%) 

S ta te  Tax Rate (%> 

Proper ty  Tax Rate (%> 

Investment Tax Cred i t  (%) 

Discount Factor  (%> 

30 
15 
15 
50 
35 
15 
9.0 

14.5 
9.0 

46.0 

9.0 

1.0 
5.0 
10.93 
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TABLE 4.48 

BUSBAR COST OF POWER 

Assumptions: 

Power Level 

I n s t a l l e d  Cost 

Operational Date 

Capacity Factor (year ly )  

Operating L i  f e  

Heat Cost (1977 $) 

Base Pr i ce  

Fixed Por t i on  (year ly )  

Esca la t ion  ( f i x e d  and var iab le )  

O&M Costs - Excluding Energy (1977 $) 

Base Cost 

Escal a t  i on 

Levelized: 

Heat Cost (62%) 

om cos t  (15%) 
P lan t  Cap i ta l  Cost (23%) 

Base Busbar Cost (100%) 

85 mi l ls /kwh 

20 

32 - 
137 m i  11 s/kwh 

45 MWe (net) 

$54.58 m i  11 i o n  

Ju ly ,  1982 

40%, 50%, 60%, 70% 

the re -a f te r  

30 years 

$0.66/mm Btu  

50%, 50%, 75% 

the re -a f te r  
7% and 9% 

$1.88 m i  11 ion/year 

7% 
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The 1977 busbar cos t  from the power p l a n t  would be approximately 45 mi l ls /kwh ( i n  
1977 constant d o l l a r s )  w i t h  a capaci ty f a c t o r  o f  75 percent. 

nuclear energy busbar costs o f  25 mil ls/kwh and o i l - f i r e d  costs o f  33 mi l ls /kwh 

(a lso  1977 d o l l a r s  and 75 percent capaci ty fac to r ) .  

in tegra ted  i n t o  the cos t  estimates, the cos t  o f  energy from the geothermal power 

p l a n t  becomes compet i t ive w i t h  comparable o i l - f i r e d  generation costs i n  the l a t e  

1980's. This t r a n s i t i o n  i s  p r i m a r i l y  due t o  the f a c t  t h a t  the f u e l  con t r i bu t i on  

t o  the busbar power costs f o r  the  geothermal power p l a n t  i s  62 percent and esca- 

l a t e s  a t  a (negotiated) composite r a t e  o f  7 t o  9 percent; wh i le  f o r  an o i l - f i r e d  
power p lan t ,  the f u e l  con t r i bu t i on  i s  84 percent and escalates a t  a r a t e  o f  9 t o  

10 percent. However, nuclear energy costs escalate a t  a slower pace than o i l  
f i r e d  costs, because the f u e l  component o f  nuclear busbar cost  i s  a smaller 
f r a c t i o n  o f  the  whole, and geothermal costs a t  Heber do no t  gain an advantage 

r e l a t i v e  t o  nuclear costs. 

This compares w i t h  

I f  esca la t ion  e f f e c t s  are 

S e n s i t i v i t y  studies on the 137 mil ls/kwh base busbar costs o f  power were performed 

by vary ing  the  primary parameters. 

expected, the parameters which in f luence the heat component (62 percent o f  the 

base leve l i zed  cost)  have the grea tes t  impact. These impacts are 8 t o  9 m i l l s  

f o r  a 10 percent change i n  the base heat p r i ce ,  12 t o  15  m i l l s  f o r  a p lus  o r  

minus change o f  1 percent i n  the heat esca la t ion  ra tes  and 10 t o  15 m i l l s  f o r  a 

p lus  o r  minus change o f  10 percent i n  the long-term capaci ty fac to r .  

which has a s u r p r i s i n g l y  small in f luence i s  the i n s t a l l e d  cos t  o f  the power 

p lan t .  A 10 percent v a r i a t i o n  i n  t h a t  cos t  has on ly  a 3' m i l l  impact on the 

busbar cost. 

The r e s u l t s  are summarized i n  Table 4.4C. As 

The parameter 
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TABLE 4.4C 
S E N S I T I V I T Y  OF BUSBAR COST (MILLS/KWH) 

Level i zed  Busbar Cost 137 

Base Heat P r i ce  

Plus 10% 

Minus 10% 
146 

129 

Heat Esca la t ion  Rates 

UP 1% 
Down l% 

152 

125 

Long Term Capacity Factor  

60% 
80% 

152 
127 

Economic L i f e  

20 years 124 

Reservoir Temperature 

Constant 36OOF (182OC) 
* 

133 

I n s t a l l e d  Cost 

Plus 10% 

Minus 10% 
140 

134 
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Sect ion 5 

REMAINING TECHNICAL ISSUES 

The design o f  the  Heber power p l a n t  systems and equipment w i l l  be accomplished, 

f o r  t he  most p a r t ,  us ing  e x i s t i n g  s ta te -o f - the -a r t  technology. Design aspects 

r e q u i r i n g  spec ia l  s tudy based on requirements p e c u l i a r  t o  the  Heber f a c i l i t y  have 

been s tud ied  i n  d e t a i l .  

F e a s i b i l i t y  s tud ies ,  development t e s t s  and op t im iza t  

f o r  these s i t e - s p e c i f i c  design aspects. The s tud ies  

Opt im iza t ion  Studies, and the  outs tanding problems w 

summarized below. 

on s tud ies  have been performed 

are discussed i n  Sect ion 3, 

t h  r e l a t e d  so lu t i ons  are 

5 . 1  TURBINE-GENERATOR DESIGN 

The hydrocarbon t u r b i n e  i s  a key element i n  the  b ina ry  conversion process system. 

Many r e l a t a b l e  designs e x i s t ,  b u t  a u n i t  o f  t he  s i ze  se lec ted  f o r  t he  Heber 

p l a n t ,  us ing the  s p e c i f i c  b ina ry  f l u i d ,  has no t  been p rev ious l y  b u i l t .  

The f e a s i b i l i t y  s tud ies  performed by the  E l l i o t t  Company and Rotoflow Corporat ion 

(Subsection 3.13) i n d i c a t e  h igh  confidence i n  the  design, manufacture, and opera t ion  

o f  a u n i t  t o  meet Heber requirements. 

The a x i a l - f l o w  t u r b i n e  design would be based on p r i n c i p l e s  used i n  design o f  

e x i s t i n g  steam tu rb ines  and c e n t r i f u g a l  and a x i a l  hydrocarbon compressors. The 

r a d i a l  i n f l o w  hydrocarbon expander design would be based on e x i s t i n g  commercial 

equipment i n  the  gaseous f l u i d  turbo-expander f i e l d .  

Some uncer ta in t y  remains r e l a t i v e  t o  thermodynamic behavior  o f  t he  hydrocarbon 

working f l u i d  as i t  i s  expanded through t h e  t u r b i n e  and condensed. 

C.F. Braun enthalpy bench tes ts@) have served t o  minimize t h i s  problem. 

discussed i n  Subsection 3.5 (Power Cycle Opt imizat ion)  t h e  BWR equat ion o f  s t a t e  

co r re la tes  w e l l  w i t h  the  l abo ra to ry  data and w i t h  the  equations o f  s t a t e  employed 

However, the  

As 
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by E l l i o t t  Co. and Rotoflow and w i l l  be used by F luor /Ho l t  f o r  the  d e t a i l e d  

design o f  the  power cyc le .  

Based on the  foregoing, expansion through the  M o l l i e r  diagram wet reg ions i s  

u n l i k e l y .  However, both E l l i o t t  ( a x i a l )  and Rotoflow ( r a d i a l  i n f l o w )  contend 

t h a t  some mois ture can be accommodated w i t h  no no t iceab le  e f f e c t  on t u r b i n e  

performance. 

Other design fea tures  t h a t  have been handled success fu l l y  i n  o ther  app l i ca t i ons  

b u t  requ i re  demonstrat ion f o r  t h i s  a p p l i c a t i o n  i nvo l ve  t u r b i n e  s h a f t  sea l i ng  and 

t u r b i n e  speed/load c o n t r o l  governor systems. Also, i n  the  case o f  t he  r a d i a l  

t u rb ine ,  s ize/capaci ty  scaleup i s  a fac to r .  

diameter i n  serv ice  i s  i n  the  order  o f  12 inches (0.3 meters). 

having a wheel diameter up t o  53 inches (1.3 meters) a re  i n  p roduc t ion  and w i l l  

have been operated i n  advance o f  t he  Heber schedule. 

wheel diameter i n  the  range o f  50 inches (1.3 meters). 

A t  t h i s  t ime, the  l a r g e s t  wheel 

However, machines 

The t u r b i n e  would requ i re  a 

The p l a n  i s  t o  issue a performance s p e c i f i c a t i o n  f o r  procurement o f  the  tu rb ine-  

generator  s e t  t o  o b t a i n  compet i t i ve  b ids.  The t u r b i n e  performance w i l l  be speci- 

f i e d  i n  terms o f  i n l e t / o u t l e t  temperatures and pressures and the  gross generator 

ou tpu t  spec i f ied .  The b i d  responses w i l l  be evaluated t o  determine the  machine 

most s u i t a b l e  f o r  t he  power p l a n t ,  t a k i n g  i n t o  account bo th  c a p i t a l  cos t  and 

opera t ing  e f f i c i e n c y .  

Three supp l i e rs  i n d i c a t e  w i l l i ngness  t o  f u r n i s h  the  t u r b i n e  generator  requ i red  

f o r  t he  power p lan t .  They have expressed i n t e r e s t  i n  submi t t ing  commercial 

compet i t i ve  quota t ions  w i t h  guarantees f o r  meeting s p e c i f i e d  mechanical and 

performance c r i t e r i a .  

5.2 HYDROCARBON CONDENSERS 

Subsection 3.12 (Turbine P ip ing  Economics) discusses the  s e n s i t i v i t y  o f  t u r b i n e  

exhaust p i p i n g  c o n f i g u r a t i o n  and condenser arrangement on p l a n t  performance. 

Much o f  t he  problem stems from the  l a rge  amount o f  heat t r a n s f e r  sur face (approxi- 

mate ly  1.15 m i l l i o n  square f e e t  (106,835 square meters) requ i red  t o  r e j e c t  approxi- 

mate ly  90 percent  o f  t he  heat energy t r a n s f e r r e d  from the  geothermal f l u i d  t o  the  

b ina ry  working f l u i d  t o  a c o o l i n g  tower. 
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As seen from the  r e s u l t s  o f  the above referenced study (Subsection 3.12), the 

optimum tu rb ine  exhaust system con f igu ra t i on  involves two condenser s h e l l s  and a 

s ing le  s ide  stream hydrocarbon accumulator vessel. 

involves the  use o f  e i g h t  condenser s h e l l s  arranged i n  groups o f  two and mounted 

over fou r  hydrocarbon accumulator vessels arranged i n  p a r a l l e l .  

The conceptual study(?) 

A p o t e n t i a l  problem w i t h  the  optimum arrangement r e s u l t s  from the  s i ze  and weight 

o f  t he  two condenser conf igura t ions .  

the  order o f  15 f e e t  (5 meters) i n  diameter by 80 f e e t  (24 meters) and weigh 

approximately 450 tons (408 MKg). 

and highway l i m i t a t i o n s  would necessi tate f i e l d  tubing. 

problem w i t h  the  s h e l l  diameter although ind i ca t i ons  are  t h i s  could be handled by 

highway t ranspor t .  

Under t h i s  concept, each s h e l l  would be i n  

Pre l im inary  in fo rmat ion  i nd i ca tes  t h a t  r a i l  

There a l so  could be a 

A f a l l b a c k  p o s i t i o n  would be t o  use a f o u r  condenser conf igura t ion .  

reduce the  shipping clearance problem and poss ib ly  a l l ow  shop tubing. 

This would 

Another problem assocaited w i t h  the  condensing equipment involves the  p r e d i c t a b i l -  

i t y  o f  heat exchange performance. 

become a problem t h a t  could m a t e r i a l l y  a f f e c t  cu r ren t  p re l im ina ry  s i z i n g  and heat 

t rans fe r  e f f e c t  i veness . 

Vapor d i s t r i b u t i o n  i n  t h i s  s i ze  equipment may 

For the  above reasons, i t  i s  recommended t h a t  several a l t e rna tes  be i d e n t i f i e d  a t  

the t ime o f  b idd ing  (Phase 111) so as t o  provide a basis f o r  f i n a l  op t im iza t i on  

tak ing  i n t o  account t ranspor ta t i on  problems, the  cos t  o f  f i e l d  versus shop tubing, 

and the  impact o f  heat t r a n s f e r  performance o r  s h e l l  s ize.  

5.3 MATERIALS OF CONSTRUCTION 

The se lec t i on  o f  appropr iate mater ia ls  o f  f a b r i c a t i o n  f o r  the power p l a n t  equip- 

ment was s tud ied  i n  d e t a i l .  The s tud ies  were mainly addressed t o  the  ma te r ia l s  

used i n  the  b r i n e  supply and coo l i ng  water supply systems. Spec i f i c  t e s t s  were 

performed dur ing  e a r l i e r  studies on ma te r ia l s  subjected t o  f l ow  o f  Heber b r ine .  

Operating data was reviewed f o r  equipment subjected t o  Colorado River water t o  

assess performance under simulated opera t ing  condi t ions.  Mater ia l  studies are 

fu r the r  discussed i n  Subsection 3.11. 
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Mate r ia l s  f o r  a p p l i c a t i o n  w i t h i n  the  hydrocarbon b ina ry  f l u i d  system are no t  

conidered o f  a spec ia l  nature. Ma te r ia l s  used f o r  commercial hydrocarbon system 

equipment w i l l  be se lec ted  f o r  t h i s  serv ice ,  and performance has been w e l l  demon- 

s t ra ted .  

5.4 COOLING WATER SUPPLY 

SDG&E has an agreement w i t h  I I D  f o r  supply ing p l a n t  water f o r  the  f i r s t  f i v e  

years from e x i s t i n g  i r r i g a t i o n  systems. 

years have been under considerat ion.  

Arrangements f o r  water supply a f t e r  f i v e  

The a l t e r n a t i v e  supply from the  a g r i c u l t u r a l  d r a i n  water system may requ i re  

f u t u r e  mod i f i ca t i ons  t o  the  water cond i t i on ing  system. 

Add i t iona l  study i s  recommended dur ing  Phase I11 t o  evaluate the  economics o f  

us ing  a g r i c u l t u r a l  d r a i n  water and the  impact t h i s  w i l l  have on the  p l a n t  coo l i ng  
system and land requirement. 
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Sect ion 6 

ENVIRONMENTAL AND LICENSING STUDIES 

The Heber Geothermal Demonstration Power P lan t  Pro jec t ,  i n  a d d i t i o n  t o  estab1ish;ng 

the  techn ica l  and economic f e a s i b i l i t y  o f  geothermal energy conversion, w i l l  be a 

precursor  i n  the  development o f  l i c e n s i n g  and environmental bases f o r  f u t u r e  

commercial geothermal p lan ts .  Considerable e f f o r t  has been expended, under the 

d i r e c t i o n  o f  SDG&E, i n  the  development o f  environmental impact assessment, permi ts  

and l i censes  f o r  t h i s  f a c i l i t y .  

6 . 1  ENVIRONMENTAL IMPACT REPORT 

O r i g i n a l  environmental s tud ies  were performed by SDG&E f o r  E P R I ( E )  and publishecr 

i n  February, 1977. This  r e p o r t  prov ided the  basel ine environmental data f o r  the  

Heber power p l a n t  design. 

A d r a f t  environmental impact r e p o r t  ( E I R )  was prepared by VTN Consolidated, Inc . ,  

o f  I r v i n e ,  C a l i f o r n i a  f o r  the County o f  Imper ia l  Planning Department and was 

issued i n  December, 1977(g ) .  

Th is  d r a f t  E I R  addresses the  impact 

1. Chevron Resources Company deve 

resource loca ted  i n  and around 

o f :  

opment and 

Heber, Cal 

u t i  1 

f o r n  

z a t i o n  o f  the geothermal 

a. 

2. Chevron Resources Company cons t ruc t i on  and opera t ion  o f  a p roduc t ion  i s land ,  

a t ranspor ta t i on  p ipe l i ne ,  and a r e i n j e c t i o n  f a c i l i t y  t o  e x t r a c t  heat from 

the  geothermal resource. 

3 .  San Diego Gas and E l e c t r i c  cons t ruc t i on  and opera t ion  o f  a demonstration 

f a c i l i t y  near Heber t h a t  would u t i l i z e  the  heat ex t rac ted  from the geo- 

thermal resource f o r  the  produc t ion  o f  e l e c t r i c a l  power. 
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The desc r ip t i on  o f  the  Heber power p l a n t  used i n  the  E I R  i s  s i m i l a r  t o  t h a t  i n  

Section 2 o f  t h i s  repor t .  The E I R ,  however, more f u l l y  described the  hydrothermal 

f l u i d  production, transmission, and r e i n j e c t i o n  f a c i l i t i e s .  

Data presented i n  the  E I R  i nd i ca tes  t h a t  the  Heber anomaly has been ra the r  we l l  

def ined as t o  the depth, c h a r a c t e r i s t i c s ,  composition, p o t e n t i a l ,  and capac i ty  o f  

t he  resource. F i f t y  t e s t  w e l l s  have been d r i l l e d  t o  an average depth o f  5500 f e e t  

(1,576 meters). P r o d u c t i v i t y  and i n j e c t i v i t y  t e s t  r e s u l t s  are reported as favor-  

able t o  geothermal development. 

should y i e l d  about 400 MWe o f  recoverable energy a t  we l l  depths o f  10,000 f e e t  

(3,048 meters). 

It appears t o  Chevron t h a t  the  Heber Reservoir 

The product ion i s l a n d  proposed by Chevron would cons is t  o f  13 t o  14 we l ls .  

product ion we l l s  would be d r i l l e d  t o  the  2,000 t o  4,000 f o o t  (610 t o  1,220 meter) 

l eve l s ,  s i x  more t o  the  4,000 t o  6,000 f o o t  (1,220 t o  1,830 meter) l eve l s  and one 

t o  the  10,000 f o o t  (3,048 meter) l eve l .  Hydrothermal b r i n e  from a l l  we l l s  would 
be manifolded i n t o  a s i n g l e  p i p e l i n e  f o r  t ransmission t o  the  adjacent power 

p lan t .  

S i x  

Chevron proposes t h a t  a l l  b r i n e  cooled i n  the  power p l a n t  process be transported 

by p i p e l i n e  t o  the  per iphery  o f  the  geothermal resource f o r  r e i n j e c t i o n  i n t o  the  

rese rvo i r  a t  no less  than 15OOF (66OC). 

grade f o r  the  two m i l e  run  t o  the  r e i n j e c t i o n  is land.  

l i n e  and a t rench f o r  con ta in ing  any leakage would slope towards the  r e i n j e c t i o n  

f a c i l i t y .  

i n t o  the  rese rvo i r s  cons is ten t  w i t h  the  product ion pa t te rn .  Thus, r e i n j e c t i o n  

w e l l s  would be d r i l l e d  t o  the  same depths as the  product ion we l ls .  It appears 

t h a t  h a l f  as many r e i n j e c t i o n  we l l s  as p roduc t ion  we l l s  would be required. 

Add i t iona l  pumping may be necessary a t  the  r e i n j e c t i o n  i s l a n d  t o  r e t u r n  b r i n e  t o  

l e v e l s  below 4,000 f e e t  (1,220 meters). 

This carbon s tee l  p i p e l i n e  would be a t  

It i s  reported t h a t  t he  

The b r i n e  supp l i e r  i nd i ca tes  t h a t  the  cooled b r i n e  would be r e i n j e c t e d  

A l l  we l l s ,  according t o  the  b r i n e  supp l ie r ,  would be d r i l l e d  dur ing  d a y l i g h t  t o  

minimize any poss ib le  d i s t r a c t i o n  t o  the  populace. 

t i o n a l  o i l  w e l l  d r i l l i n g  equipment w i t h  proven techniques f o r  prevent ing leakage 

o f  b r i n e  and/or gas i n t o  the  atmosphere. 

I t  i s  proposed t o  use conven- 

Shutdown and abandonment o f  any o f  the  w e l l s  would be i n  accordance w i t h  e x i s t i n g  

C a l i f o r n i a  D i v i s i o n  o f  O i l  and Gas Regulat ions. 
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The E I R  describes the  e x i s t i n g  environment and discusses the  m i t i g a t i o n s  necessary 

f o r  minimizing the  e f f e c t  o f  a l l  o f  the  geothermal demonstration f a c i l i t i e s  upon 

the  environment. 

u 

The design o f  the  p l a n t  must take i n t o  cons idera t ion  the  e f f e c t  the  f a c i l i t y  may 

have upon the  phys ica l ,  b i o l o g i c a l ,  and socioeconomic se t t i ngs  o f  the  surrounding 

area. 

The environmental impacts and m i t i g a t i o n s  f o r  the power p l a n t  a re  discussed 

below. 

6.1.1 Physiography and Topography 

The selected s i t e  i s  i n  the  Imper ia l  Va l ley  which i s  now predominately a g r i c u l t u r a l  

i n  nature. I r r i g a t i o n  water i s  imported from the Colorado River. A l l  drainage 

i s  t o  the  Sa l ton  Sea. The design o f  i n f l u e n t  water equipment must be such t h a t  

l a rge  q u a n t i t i e s  o f  en t ra ined s i l t  can be removed from the  water p r i o r  t o  use i n  

the  p lan t .  F a c i l i t i e s  f o r  the  disposal  o f  these la rge  q u a n t i t i e s  o f  s i l t  must 

a l so  be included i n  the  design. 

discharge i n t o  the  dead ended Sal ton Sea. The design must consider the  h igh  

v i s i b i l i t y  o f  the  p l a n t  from the  town o f  Heber and the  e f f e c t  noise l eve l s  and 

the  f l a r e  system may have upon the  populace. 

F a c i l i t y  e f f l u e n t s  must be s u i t a b l y  t r e a t e d  f o r  

6.1.2 Se ism ic i t y  

Earthquake records maintained f o r  the past  f i f t y  years i n d i c a t e  t h a t  the Imperial  

Valley/Heber Geothermal Reservoir area i s  character ized by h igh  reg iona l  se ismic i ty .  

Earthquakes o f  magnitude 4.5 o r  less  on the  R ich ter  Scale are common. 

earthquakes o f  6.0 o r  g rea ter  magnitude have occurred since 1890. The f a c i l i t y  

should be designed t o  remain operable dur ing  a seismic event w i t h  a 0.29 g peak 

ground acce le ra t ion  and remain s t r u c t u r a l l y  sound dur ing  a 0.7 g peak ground 

acce le ra t ion  event. Containment o f  the  hydrocarbon working f l u i d  w i t h i n  the 

energy conversion equipment and pipng i s  o f  major importance. 

data i s  ava i l ab le  f o r  the  area around the  Heber Geothermal Reservoir,  studies 

performed f o r  o ther  geothermal l oca t i ons  i n  the  Imper ia l  Va l ley  i n d i c a t e  a corre- 

l a t i o n  between microearthquake a c t i v i t y  and geothermal anomalies. The Environ- 

mental Basel ine Data Acqu is i t i on  Report@) contains the  f o l l o w i n g  statements 

about earthquakes i n  geothermal areas o f  the  Imper ia l  Val ley: 

Twelve 

Although no s p e c i f i c  
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“Shocks are genera l l y  smal le r  i n  magnitude and more f requent  i n  geothermal areas 

than o the r  areas i n  the  same t e c t o n i c  s e t t i n g .  

Fau l t s  r e l a t e d  t o  the  microearthquakes o f t e n  serve as plumbing condui ts  f o r  

c i r c u l  a t  i ng b r i  nes . 

Earthquake foca l  depths are  usua l l y  h igher  i n  geothermal areas than i n  ou ts ide  

areas. 

process. I‘ 

This imp l i es  t h a t  microearthquakes are  probably  r e l a t e d  t o  the  geothermal 

The design o f  t he  process must inc lude c o n t r o l s  on b r i n e  temperature cons is ten t  

w i t h  those l i m i t s  imposed by the  b r i n e  supp l ie r .  

d i s t u r b i n g  the  geothermal r e s e r v o i r  cond i t ions  i s  unknown b u t  i t  appears t h a t  

some increase i n  seismic a c t i v i t y  may occur. Design cond i t ions  f o r  the  b r ine /  

hydrocarbon process should take i n t o  account poss ib le  v a r i a t i o n s  o f  temperature, 
p r e s s u r e  q u a l i t y  o f  b r i n e .  

The magnitude o f  the  e f f e c t  o f  

6.1.3 Subsidence 

Recent data suggests t h a t  t he  Heber area i s  moving up s l i g h t l y  r e l a t i v e  t o  E l  
Centro b u t  t h a t  t he  dominant motion o f  t he  area has been a downward t i l t i n g  t o  

t h e  n o r t h  and east. The area i s  monitored f o r  subsidence. Bench marks must, by 

law, be es tab l i shed i n  the  geothermal r e s e r v o i r  area. As a measure t o  minimize 

subsidence, t he  design must be such t h a t  a l l  o f  the  b r i n e  w i l l  be re tu rned t o  the  

rese rvo i r .  

There appears t o  be no recorded subsidence o f  the  area caused by a g r i c u l t u r a l  

operat ions.  

6.1.4 Geology and Geophysics 

I t appears t h a t  no a d d i t i o n a l  design cons idera t ions  beyond those a l ready discussed 

are  requ i red  because o f  t he  geology and geophysics associated w i t h  the  area. 
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6.1.5 Soi 1 s 

A d e t a i l e d  i n v e s t i g a t i o n  o f  t he  s o i l  a t  t he  se lec ted  p l a n t  s i t e  must be made t o  

develop s p e c i f i c  c r i t e r i a  f o r  t he  design o f  t h i s  f a c i l i t y .  

g a t i o n  i nd i ca tes  t h a t  spec ia l  design p rov i s ions  may be necessary due t o  the  

expansive nature o f  the  s o i l s .  

some t ime and may have t o  be s t r i p p e d  t o  a depth o f  6 inches (0.15 meters). 

Subsurface s o i l s  are genera l l y  sa tura ted  w i t h  water from i r r i g a t i o n  o r  c a p i l l a r y  

ac t ion .  

pe rm i t ted  t o  d ry  du r ing  cons t ruc t ion .  

probably  be supported on continuous foundations. 

w i l l  p robably  r e q u i r e  d r i ven  p i l e  foundations. 

the  cons t ruc t i on  o f  leakproof  reservo i rs .  

r e s e r v o i r  s i t e s ,  however, may reveal  shal low sandy o r  s i l t  l aye rs  t h a t  would 

necess i ta te  s t a b i l i z a t i o n  o f  c l a y  l i n i n g s  o r  the  use o f  impervious membranes. 

The co r ros ion  c h a r a c t e r i s t i c s  o f  t he  s o i l  are such t h a t  p revent ive  measures must 

be taken f o r  bo th  concrete and s t e e l  t h a t  may come i n  contac t  w i t h  the  s o i l .  

Pre l im inary  i n v e s t i -  

The sur face s o i l s  have been under c u l t i v a t i o n  f o r  

The c l a y  s o i l s  are e s s e n t i a l l y  sa tura ted  a t  shal low depths and cannot be 

L i g h t  t o  moderately loaded s t ruc tu res  can 

The s o i l  may be s a t i s f a c t o r y  f o r  

Heavy o r  v i b r a t i n g  s t ruc tu res  

De ta i l ed  i n v e s t i g a t i o n  o f  proposed 

6.1.6 Hydro1 ogy 

Annual r a i n f a l l  averages less  than 3 inches (0.08 meters). Local ized summer 

thundershowers have drenched the  area w i t h  over 5 inches (0.13 meters) o f  r a i n  i n  

a 49 hour per iod.  Monthly r a i n f a l l  reached 7 inches (0.18 meters) a t  t he  City o f  
Imper ia l  i n  September 1939. Sheet f l ow  r u n o f f s  o f  up t o  6 inches (0.15 meters) 

experienced i n  the  City o f  E l  Centro du r ing  a storm i n  September 1939 are u n l i k e l y  

a t  t he  se lec ted  p l a n t  s i t e  because o f  na tu ra l  and man-made drainage features.  

Surface r u n o f f  design must be capable o f  handl ing water desposited by a severe 

summer storm s i m i l a r  t o  the  one i n  1976. Runoffs from the  s i t e  would f l ow  t o  the  

Sal ton Sea through normal o r  man-made drainage features.  

Ground water movement i s  i n h i b i t e d  by the  types o f  s o i l s  i n  the  area. Well water 

y i e l d  i s  poor and o f  i n f e r i o r  q u a l i t y .  

come from the  i r r i g a t i o n  system. 

t o  the  southwest o f  the  p l a n t  s i t e .  

(10.5 meters) below sea l e v e l  whereas the  surrounding land l i e s  a t  10 f e e t  ( 3  met- 

e rs )  below sea l e v e l .  The na tu ra l  drainage from the  p l a n t  s i t e  i s  t he  Alamo River  

about n ine  mi les  eas t  o f  t he  s i t e .  

Water f o r  use i n  the  p l a n t  would have t o  

The New River  channel i s  about 1.5 mi les  (2.4 KM) 

The bottom o f  t he  channel i s  about 35 f e e t  

Local agencies a n t i c i p a t e  a maximum f l o o d  
/ 
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f l ow  i n  the  New River  o f  about 5000 cubic  f e e t  per  second (509,700 m3/hr). 

f l o o d  r a t e  a n t i c i p a t e d  f o r  the  100 year  storm has no t  y e t  been estimated. 

New River  channel near the  p l a n t  s i t e  i s  ca l cu la ted  t o  handle a f l ow  o f  

112,000 c f s  (11.42 MM m3/hr). 

The 

The 

It appears t h a t  t he  design need no t  cons ider  inundat ion  o f  the  s i t e  by f l o o d  

waters from the  New River. 

i r r i g a t i o n  canal ma l func t ion  i s  considered t o  be remote. 

ma l func t ion ing  o f  t he  a g r i c u l t u r a l  d ra ins  i s  a l so  considered t o  be remote. 

Design, however, must awa i t  t h e  r e s u l t s  o f  a d e t a i l e d  s i t e  i n v e s t i g a t i o n  p r i o r  t o  

f i n a l i z a t i o n .  The Colorado R iver  i s  the  source o f  a l l  i r r i g a t i o n ,  munic ipa l  and 

i n d u s t r i a l  water used i n  the  area. Analyses o f  Colorado R iver  water a t  Imper ia l  

Dam dur ing  1972/73 i n d i c a t e  average f i g u r e s  f o r  t he  f o l l o w i n g  items; pH - 8.0, 

sodium (NA) - 145 mg/l, b icarbonate (HC03) - 174 mg/l, sulphate (SO,) - 336 mg/l, 

c h l o r i n e  (CL) - 128 mg/l, t o t a l  d isso lved s o l i d s  856 mg/l, t o t a l  hardness - 360. 
Because o f  t he  upward t rend  i n  r i v e r  water s a l i n i t y ,  t he  EPA has es tab l i shed a 

program f o r  c o n t r o l l i n g  TDS a t  about 880 mg/l below the  Imper ia l  Dam. 

t reatment  design w i l l  revo lve  about the  above analyses. 

Threat o f  major f l o o d i n g  o f  the  s i t e  as a r e s u l t  o f  

F looding caused by 

Water ' 

E f f luen t  from the  f a c i l i t y  would be discharged i n t o  the  a g r i c u l t u r a l  d ra ins  which 

f l o w  i n t o  the  New o r  Alamo Rivers and thence t o  the  Sa l ton  Sea. The water i n  t h e  

a g r i c u l t u r a l  d ra ins  con ta in  t o t a l  d isso lved s o l i d s  (TDS) i n  the  range o f  5000 

mg/l. The waters i n  bo th  r i v e r s  and the  Sa l ton  Sea are protected.  Although 

e f f l u e n t  l i m i t a t i o n s  are  no t  i n  ex is tence a t  t h i s  t ime, the  C a l i f o r n i a  Regional 

Water Contro l  Board, Colorado R iver  Basin issues waste water discharge permi ts  

f o r  t he  area. Th is  Regional Board i s  a c t i v e  i n  water q u a l i t y  c o n t r o l  and has 

es tab l i shed nondegradtion as the  bas ic  aim. 

cons idera t ion  i n  the  des ign o f  t h i s  f a c i l i t y .  

tower blowdown water w i t h  l ess  than 5000 mg/l o f  TDS i n t o  these dra ins .  

design must cons ider  the  e f fec ts  t h a t  sur face r u n o f f  and c o o l i n g  tower blowdown 

may have upon the  q u a l i t y  o f  water i n  t h e  a g r i c u l t u r a l  d ra ins .  

Q u a l i t y  o f  e f f l u e n t  must be a major 

It i s  planned t o  discharge coo l i ng  

The 

6.1.7 Cl imato logy 

The se lec ted  s i t e  i s  i n  the  Southeast Desert A i r  Basin o f  C a l i f o r n i a .  

winds are from the  west. 

annual average p r e c i p a t i o n  r a t e  o f  about 3 inches (0.08 meters) over a p e r i o d  o f  

P r e v a i l i n g  

The r a i n y  season i s  November through March w i t h  an 
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16 hours o f  r a i n f a l l .  Maximum temperatures reach about 119OF (48.4OC) du r ing  the  

summer. A w i n t e r  minimum temperature o f  19OF (-7OC) was recorded i n  January 1937 

a t  Imper ia l .  Although monthly mean temperatures f o r  w i n t e r  run  as h igh  as 42.3OF 

(5.6OC), temperatures o f  31OF (-0.56OC) o r  below were recorded on eleven days f o r  

each o f  t he  months o f  December 1974, January and February, 1975. The design o f  

s t a t i c  water p i p i n g  systems should consider the  e f f e c t  o f  these temperatures. 

drrs 

Atmospheric s t a b i l i t y  cond i t ions  f o r  t he  area i n d i c a t e  ppor d ispers ions  po ten t ia ' l  

f o r  a i rborne  p o l l u t a n t s  espec ia l l y  dur ing  the  w in te r  months. 

cond i t ions  should be considered i n  design o f  the  f l a r e  s tack and coo l i ng  tower. 

An environmental mon i to r ing  s t a t i o n  was i n s t a l l e d  a t  t he  se lec ted  p l a n t  s i t e  i n  

mid-June 1976. Data was c o l l e c t e d  by inst rument  booms loca ted  a t  e leva t ions  o f  

33 f e e t  (10 meters) and 195 f e e t  (59 meters) above grade f o r  twelve months. 

data i s  a v a i l a b l e  f o r  study when design o f  the  p l a n t  commences. 

These c l i m a t i c  

This  

6.1.8 A i r  Q u a l i t y  

The q u a l i t y  o f  t he  a i r  i n  the  Imper ia l  Va l ley  i s  described as p r i s t i n e .  

from a g r i c u l t u r a l  operat ions appears t o  be the  most p reva len t  a i rborne  s o l i d  

p o l l u t a n t .  

veh ic les  and engine d r i ven  a g r i c u l t u r a l  equipment. 

D i s t r i c t  o f  Imper ia l  County and the  C a l i f o r n i a  A i r  Resources Board operate a i r  

q u a l i t y  and meterology s t a t i o n s  i n  the  area. 

Dust 

The predominate sources o f  gaseous a i rbone p o l l u t a n t s  are motor 

Both the  A i r  P o l l u t i o n  Contro l  

Regulat ions f o r  t he  d i s t r i c t  pave been promulgated and var ious sect ions are 

p e r t i n e n t  t o  geothermal operations. Such regu la t i ons  concern the: 

opac i t y  o f  emissions; 

q u a n t i t y  o f  dust, fumes o r  p a r t i c u l a t e  ma te r ia l ;  

q u a n t i t y  o f  sulphur compounds; 

q u a n t i t y  o f  combustion contaminants; 

discharge o f  nuisance contaminants; 

sulphur content  o f  f ue l s ;  

discharges from f u e l  burn ing  equipment. 

Data a c q u i s i t i o n  programs f o r  determin ing background q u a n t i t i e s  o f  p o t e n t i a l  

contaminants associated w i t h  geothermal operat ions should be complete i n  t ime f o r  
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n 

i n c l u s i o n  i n  the  design o f  t h i s  f a c i l i t y .  

sulphide, ammonia, s u l f a t e  aerosols  and t races  o f  metals. 

Such contaminants inc lude hydrogen 

Meeting es tab l i shed and f u t u r e  a i r  q u a l i t y  c r i t e r i a  should be considered du r ing  

the  design o f  t he  hycrocarbon b r ine ,  coo lan t ,  and s ta t i ona ry  d iese l  d r i ven  equip- 

ment i n  the  f a c i l i t y .  

6.1.9 Ambient Sound Levels 

I n  the  sp r ing  o f  1976, f i v e  sound measuring s t a t i o n s  were es tab l i shed i n  the area 

around the  proposed j o b s i t e .  One s t a t i o n  was loca ted  near an e x i s t i n g  geothermal 

w e l l  i n  t he  v i c i n i t y  o f  t he  proposed produc t ion  we l ls .  

downtown Heber. The data from a l l  bu t  t he  s t a t i o n  loca ted  near the  p o t e n t i a l  

j o b s i t e  i nd i ca tes  h igher  no ise l e v e l s  than the  LDN 55 dB i d e n t i f i e d  by the  EPA as 

the  l i m i t  t o  p r o t e c t  hea l th  and wel fare.  

were i n  the  50 t o  55 dB range. 
I t  appears t h a t  no ise a t tenua t ion  shou ld  be a design cons idera t ion  f o r  t h i s  

f a c i  1 i ty. 

Another was loca ted  i n  

The noise l e v e l s  a t  t he  j o b s i t e  l o c a t i o n  

Regulatory agencies are a c t i v e  i n  noise abatement. 

6.1.10 Adverse Impacts 

Impacts due t o  w e l l  d r i l l i n g  and opera t ion  as w e l l  as those adverse impacts 

i d e n t i f i e d  as unavoidable a re  now discussed. 

Unavoidable adverse b i o l o g i c a l  impacts discussed i n  the  E I R  are the  l oss  o f  

acreage f o r  a g r i c u l t u r a l  purposes, t he  e f f e c t  o f  s a l i n i t y  upon adjacent  areas and 

the  discharge o f  heated water t o  the  a g r i c u l t u r a l  drainage system. 

Those unavoidable adverse 

s e t t i n g  by the  E I R  a re  the  

movement o f  t he  region. 

mpacts associated w i t h  the  geo log ica l  and se smic 

t e c t o n i c a l l y  induced subsidence, u p l i f t ,  and ho r i zon ta l  

Hyd ro log i ca l l y  unavoidable adverse impacts i d e n t i f i e d  i n  the  E I R  are the  minor 

contamination o f  ground water from sep t i c  tank d r a i n  f i e l d s ,  the  minor modi f ica-  

t i o n s  t o  drainage pa t te rns  du r ing  cons t ruc t ion ,  the  dep le t i on  o f  a v a i l a b l e  water 

supp l i e rs  by t h e  c o o l i n g  tower and f a c i l i t y  consumption, and the  minor e f f e c t  on 

a g r i c u l t u r a l  drainage waters. 
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The E I R  discusses the  impact o f  w e l l  d r i l l i n g  and w e l l  operat ions upon the  a i r  

resources o f  t he  area. 

su lph ide re leases t o  the  atmosphere dur ing  d r i l l i n g ,  w e l l  t e s t i n g ,  and operat ions 

would occur b u t  t h a t  the  impact upon a i r  q u a l i t y  would be n e g l i g i b l e .  The report. 

i d e n t i f i e d  those unavoidable adverse impacts upon a i r  resources as: 1) veh icu la r  

p o l l u t a n t s ;  2) minimal amounts o f  hydrogen su lph ide re leased from the  hydrothermal 

rese rvo i r ;  3) steam plumes as w e l l s  are brought i n t o  serv ice ;  4) and the  v i s i b i l i t y  

o f  t he  d r i l l i n g  r i g s .  Some de le te r i ous  e f f e c t s  on the  environment appear t o  be 

unavoidable i n  s p i t e  o f  a n t i c i p a t e d  adherence t o  l i m i t s  es tab l i shed by the  var ious 

a i r  q u a l i t y  regu la to ry  agencies. 

The o v e r a l l  conc lus ion appears t o  be t h a t  hydrogen 

Although conformance t o  no ise a t tenua t ion  regu la t i ons  es tab l i shed by var ious 

agencies i s  an t i c ipa ted ,  some environmental d e t e r i o r a t i o n  can be expected due t o  

no ise t h a t  cannot e f f e c t i v e l y  be mi t iga ted .  

Several unfavorable adverse impacts upon the  aes the t ics  o f  the  area are i d e n t i f i e d  

i n  the  E I R .  

d r i l l i n g  r i g s ;  2) t he  18 month pe r iod  o f  power p l a n t  and b r i n e  p i p e l i n e  construc- 

t i o n ;  3) t he  i n t r u s i o n  o f  power p l a n t  s t ruc tu res ,  vapor plumes and add i t i ona l  

e l e c t r i c a l  t ransmiss ion l i n e s  i n t o  the  l o c a l  sky l i ne ;  and 4) the  change i n  charac- 

t e r  from a g r i c u l u t u r a l  t o  i n d u s t r i a l .  

These are: 1) the  sho r t  term presence o f  two 150 f o o t  (46 meter) 

The unavoidable adverse impacts associated w i t h  socioeconomic resources by the  

E I R  are i d e n t i f i e d  herein. 

Land Use - Long term commitment o f  a g r i c u l t u r a l  lands f o r  i n d u s t r i a l  use. 

Aes the t ic  e f f e c t  upon populace by character  o f  i n d u s t r i a l  s i t e  versus cu r ren t  

a g r i c u l t u r a l  nature o f  the  land. 

Community Services and Faci 1 i t i e s  - Some unquanti f i a b l e  b u t  e x t r a  sho r t  term 

demands dur ing  d r i l l i n g  and cons t ruc t i on  a c t i v i t i e s .  

T ranspor ta t ion  Systems - Per iod ic  d i s rup t i ons  i n  t r a f f i c  pa t te rns  and a long term 

increase i n  l o c a l  t r a f f i c  volume. 
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The r e p o r t  i nd i ca tes  t h a t  no unavoidable impacts have been i d e n t i f i e d  t h a t  would 

adverse ly  e f f e c t :  Zoning and Community Plans, Populat ion,  Local Economy, Housing, 

-- Health and Safety, i f  a l l  app l i cab le  codes and regu la t i ons  are met. It appears 

t h a t  no unavoidable adverse impacts are i d e n t i f i e d  f o r  t he  c u l t u r a l  resources of 

t he  area s ince no such resources are repor ted  on the  proposed s i t e s  o f  the  f a c i l -  

i t i e s .  

The E I R  conta ins an o u t l i n e  o f  var ious e f f l u e n t  and environmental measurement and 

mon i to r ing  programs. Programs were undertaken p r i o r  t o  the  s t a r t  o f  the  proposed 

a c t i v i t y  i n  the  areas o f  b io logy ,  geology and se i sm ic i t y ,  hydrology, a i r  and 

noise and socioeconomic and c u l t u r a l  resources. Various programs are i d e n t i f i e d  

f o r  opera t ion  wh i l e  p r o j e c t  a c t i v i t i e s  are under way. 

B io logy  - Condit ions a t  and around the  proposed f a c i l i t i e s  are such t h a t  no 

f u r t h e r  programs appear t o  be necessary a t  t h i s  t ime beyond those requ i red  f o r  

hydro log ica l  purposes. 

Geology and Se ism ic i t y  - Mon i to r ing  networks w i l l  cont inue t o  f u r n i s h  data f o r  

subsidence r e l a t e d  t o  f l u i d  p roduc t ion  and geothermally induced se i sm ic i t y .  

Hydrology - The Regional Board i s  expected t o  e s t a b l i s h  e f f l u e n t  requirements as 

w e l l  as mon i to r ing  and r e p o r t i n g  programs f o r  discharges from the  f a c i l i t i e s .  

A i r  and Noise - A i r  q u a l i t y  and meterology data a c q u i s i t i o n  w i l l  cont inue i n t o  

1978. 

du r ing  the  opera t ion  o f  t he  power p lan t .  

An as y e t  unspec i f ied  a i r  q u a l i t y  mon i to r ing  program w i l l  be performed 

Socioeconomic - App l icab le  OSHA and NFPA regu la t i ons  are expected t o  be met 

du r ing  a l l  phases o f  d r i l l i n g ,  cons t ruc t i on  and opera t ion  o f  t he  f a c i l i t i e s .  

S e l f  mon i to r ing  by a l l  p a r t i e s  as w e l l  as p e r i o d i c  inspec t ions  by var ious govern- 

mental agencies are an t i c ipa ted .  Hydrogen su lph ide mon i to r ing  and p i p e l i n e  

i nspec t i on  w i l l  be conducted by Chevron. 

C u l t u r a l  - No programs are an t i c ipa ted ,  b u t  d iscovery o f  a c u l t u r a l  resource 

du r ing  s i t e  a c t i v i t i e s  may p r e c i p i t a t e  a program a t  t h a t  t ime. 
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Irs 
The E I R  discusses r e s t o r a t i o n  and rec lamat ion p lans and p o l i c i e s .  

t h a t  abandoned w e l l s  would be sealed o f f  i n  accordance w i t h  e x i s t i n g  C a l i f o r n i a  

D i v i s i o n  o f  O i l  and Gas Regulations. 

would have t o  be removed. 

removed, contaminated s o i l  replaced, t he  area l eve led  t o  grade and prepared f o r  

poss ib le  a g r i c u l t u r a l  use. 

It appears 

B r ine  t ranspor ta t i on  p i p e l i n e s  and supports 

A l l  above grade equipment and foundations would be 

6.1.11 Conclusions 

A l te rna t i ves  t o  the  proposed power p l a n t  and poss ib le  f u t u r e  expansion are d i s -  

cussed i n  the  repo r t .  These inc lude:  

Taking no a c t i o n  o r  de lay ing  the  proposed ac t ion ;  

Implementing the  proposed power p l a n t  a t  an a l t e r n a t i v e  l oca t i on ;  

Developing a l t e r n a t i v e  p r o j e c t  design concepts; 

Developing a l t e r n a t i v e  uses o f  t he  geothermal resource; 

U t i l i z i n g  a l t e r n a t i v e  energy resources i n  l i e u  o f  the  proposed u t i l i z a t i o n s  

o f  geothermal energy resources. 

The E I R  i nd i ca tes  t h a t  the  var ious a l t e r n a t i v e s  discussed are  no t  v i a b l e  enough 

t o  obv ia te  the  cons t ruc t i on  o f  t he  Heber power p l a n t  and i t s  support f a c i l i t i e s .  

The E I R  concludes t h a t  t he re  would be no s i g n i f i c a n t  adverse environmental impacts 

as a r e s u l t  o f  t he  Heber power p l a n t  and t h a t  most o f  t he  p o t e n t i a l  minor impacts 

cou ld  be mi t iga ted .  C e r t i f i c a t i o n  and adopt ion o f  t he  f i n a l  Environmental Impact 

Report by Imper ia l  County was approved i n  June 1978. 

6.2 REGULATORY APPROVAL 

The C a l i f o r n i a  Energy Commission (CEC) reso lved t h a t  i t  considered t h e  Heber 

p r o j e c t  a "reasonable concept o f  promoting geothermal development." 

p l a n t  i s  l ess  than 50 Me, net ,  i t  was SDG&E's p o s i t i o n  t h a t  i t  does no t  f a l l  

w i t h i n  the  CEC j u r i s d i c t i o n .  

Since the  
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On t h i s  bas is ,  t he  County o f  Imper ia l  had the  r o l e  o f  lead  agency i n  con junc t ion  

w i t h  i t s  r e s p o n s i b i l i t y  f o r  r e g u l a t i o n  o f  t he  use o f  p r i v a t e l y  owned land, through 

the  issuance o f  cond i t i ona l  use permi ts .  

from the  County o f  Imper ia l ,  t h ree  s p e c i f i c  permi ts  had t o  be approved by the  

Imper ia l  County Board o f  Supervisors. These are: 

I n  o rder  t o  ga in  regu la to ry  approval 

0 A zone change a p p l i c a t i o n  f o r  Geothermal (G) Overlay Zone o f  7320 acres 

(30 m i l l i o n  square meters) around Heber; 

0 A Condi t ional  Use Permit App l i ca t i on  t o  cons t ruc t  and operate the 

necessary f a c i l i t i e s  t o  e x t r a c t ,  t ranspor t ,  and i n j e c t  t he  geothermal 

resources; and 

0 A Cond i t iona l  Use Permi t  App l i ca t i on  t o  cons t ruc t  and operate a geother- 

mal demonstrat ion power p lan t .  

The issuance o f  these permi ts  was dependent upon c e r t i f i c a t i o n  o f  an Environmental 

Impact Report i n  compliance w i t h  the  C a l i f o r n i a  Environmental Q u a l i t y  Act  (CEQA). 

SDG&E and Chevron worked w i t h  the  County o f  Imper ia l  t o  ob ta in  the  permi ts  f o r  

t h i s  45 MWe ne t  p l a n t  and, f u r t h e r ,  t o  l a y  the  groundwork f o r  f u t u r e  development 

o f  t he  Heber f i e l d .  

zoning by adopt ing a Geothermal Element t o  i t s  General Plan. The County, SDG&E, 

and Chevron took t h e  nex t  s tep  through t h e  prepara t ion  o f  t h e  anomaly-wide EIR 
f o r  t he  Heber area. 

Imper ia l  County has pioneered the  concept o f  geothermal 

The s ign i f i cance  o f  t he  anomaly-wide E I R  was i t s  cons idera t ion  o f  t he  impacts 

associated w i t h  development o f  t he  anomaly beyond the  Heber power p l a n t  t o  approx- 

ima te l y  400 We. 

"G-Overlay Zone" f o r  t he  anomaly. I n  g ran t i ng  such a zoning app l i ca t i on ,  t he  

County s p e c i f i e d  the  l e v e l  and manner o f  acceptable f u t u r e  development o f  t he  

anomaly. 

p l a n t  was h e l d  concur ren t ly  w i t h  t h e  cons idera t ion  o f  t he  "G-Overlay" zoning and 

a l l  were approved i n  June 1978. 

The E I R  was the  bas is  f o r  Imper ia l  County's adopt ion o f  a 

County cons idera t ion  o f  the  use permi t  app l i ca t i ons  f o r  t he  Heber power 

The E I R  w i l l  serve as the  environmental d i sc losu re  requ i red  t o  ob ta in  o ther  

permi ts .  They are: 
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0 A i r  q u a l i t y  permi t  from the  l o c a l  A i r  P o l l u t i o n  Contro l  D i s t r i c t ,  as 

admin is tered by the  Oeputy A g r i c u l t u r a l  Commissioner o f  Imper ia l  County 

f o r  emissions from the  coo l i ng  tower and hydrocarbon f l a r e  system; 

0 B u i l d i n g  and grading permi t  from the  Chief  B u i l d i n g  Inspec tor  o f  Imper ia l  

County Department o f  Pub l ic  Works; 

0 Waste water discharge permi t  from the  Sta te  o f  C a l i f o r n i a  Colorado 

R iver  Basin Regional Water Q u a l i t y  Contro l  Board f o r  discharge o f  

c o o l i n g  tower blowdown t o  the  a g r i c u l t u r a l  d ra in ;  

0 Heal th  and sa fe ty  approvals from the  Environmental Heal th  D i v i s i o n  o f  

the  County o f  Imper ia l  Heal th  Department, and from the  Imper ia l  County 

F i r e  Marshal l ;  

0 Easement and r ight -of -way agreements from the  Imper ia l  County Road 

Department f o r  access roads w i t h  i ng resdegress  from a county road; 

and, 

0 Encroachment agreement f o r  cons t ruc t i on  o f  f a c i l i t i e s  t o  ob ta in  water 

f o r  t he  p l a n t  from the  Imper ia l  I r r i g a t i o n  D i s t r i c t .  
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Sect ion 7 
ESSENTIAL CONTRACTS 

7 . 1  HEAT PURCHASE AGREEMENT 

The heat energy purchase agreement t o  be entered i n t o  w i t h  Chevron Resources 

Company prov ides t h a t  Chevron w i l l  d e l i v e r  t o  the  Heber p l a n t  a f i r m  con t rac t  

q u a n t i t y  o f  use fu l  heat as needed t o  operate the  p lan t .  

pressure cond i t ions  a t  the  i n l e t  and e x i t  p o i n t  of the  p l a n t  are spec i f i ed .  

exact  terms and cond i t ions  o f  t he  heat purchase agreement have no t  been completed; 

however, an agreement has been reached as t o  the  p r i c i n g  method t h a t  w i l l  be 

used. 

cents per  m i l l i o n  B t u ' s  o f  use fu l  heat f o r  s i n g l e  phase b r i n e  f low.  

of $.66/MM Btu  i s  quoted i n  1977 base year  d o l l a r s  and w i l l  esca la te  i n  f u t u r e  

years based on U.S. government - complied s t a t i s t i c a l  ind ices .  The demand/ 

commodity breakdown prov ided f o r  i s  50%/50% f o r  t he  f i r s t  two years, and 75%/25% 

t h e r e a f t e r ,  ca l cu la ted  a t  100% p l a n t  capac i ty  fac to r .  

B r ine  temperature and 

The 

I n  i t s  present  fo rm,  t he  agreement prov ides f o r  a demand/commodity r a t e  i n  

This p r i c e  

The cos t  o f  e l e c t r i c  power f o r  opera t ion  o f  the  produc t ion  w e l l s  and b r i n e  

r e i n j e c t i o n  t o  the  r e s e r v o i r  i s  inc luded i n  the  base cos t  o f  energy. Chevron 

w i l l  operate and main ta in  the  b r i n e  supply and i n j e c t i o n  f a c i l i t i e s  i n c l u d i n g  
p i p e l i n e s  and w i l l  be responsib le  f o r  r e s e r v o i r  management operat ions and l i a -  

b i l i t i e s  stemming from any environmental impacts associated w i t h  those operat ions.  

Power f o r  opera t ion  o f  the  produc t ion  i s l a n d  w i l l  be supp l ied  t o  Chevron by SDG&E 

from the  s t a t i o n  a u x i l i a r y  power system. Th is  power w i l l  be metered and the  cos t  

w i l l  be c r e d i t e d  aga ins t  t he  cos t  o f  energy supp l ied  by Chevron. 

7.2 POWER SALES AGREEMENT 

The proposed Heber Power Sales Agreement between I I D  and SDG&E i s  prepared f o r  

execut ion by the  u t i l i t i e s  a t  t h i s  time. 

embody the  fo l low ing :  

The bas ic  concepts o f  the  agreement 
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0 SDG&E will sell its share of electric energy generated by the Heber 
power plant to IID. 

0 IID will accept all energy delivered by SDG&E. 

A base price for energy sales will have an escalation factor applied 
which will reflect changes in the Wholesale Price Index for electric 
power (such escalation factor to be computed from the day of contract 
execution). 

0 The term o f  the contract is to be for five years from plant start-up, 
or until the plant is declared "commercial." 

Los Angeles Department of Water and Power also planned to enter into an agreement 
with IID under essentially the same terms and conditions. 
Edison Company is in the process o f  negotiating a separate agreement w i t h  the 
District for power sales and exchanges. 

Southern California 

7 . 3  WATER PURCHASE AGREEMENT 

The Imperial Irrigation District supplies Colorado River water to the Imperial 
Valley agricultural, domestic and industrial users through an extensive system o f  

canals and feeder ditches. 
5300 acre feet (6.54 MM m3 per year) of fresh Colorado River water for cooling 
cycle makeup for up t o  five years of plant operation. 
source of cooling water must be used. 
commodity charge at the time of delivery. 
availability indicates that agricultural runoff (drain) water will be available. 
IID has committed to supply the lifetime water requirements of the Heber plant 
from the agricultural drains. During the first five years, plant modifications 
necessary to accommodate irrigation drain water will be evaluated and the plant 
will be converted to utilize this source. 

IID has agreed to supply the Heber plant with up to 

After this time, another 
Price will be IID's current rate for water 

An assessment of sources and their 

7-2 



Sect ion 8 

PROJECT CONTROLS 

Pro jec t  c o n t r o l s  t h a t  were developed t o  support t he  engineer ing and design e f f o r t  

are discussed i n  t h i s  sect ion.  These r e l a t e d  a c t i v i t i e s  inc luded t h e  development 

o f  P ro jec t  Procedures, a P ro jec t  Design Guide, and Q u a l i t y  Assurance Procedures. 

8.1 PROJECT PROCEDURES 

To document the  procedures requ i red  t o  admin is ter  and c o n t r o l  t he  Heber p r o j e c t ,  

F luo r  i n i t i a t e d  prepara t ion  o f  a P ro jec t  Procedure Manual. 

undergone two i t e r a t i o n s  and i s  ready f o r  implementation. 

dures es tab l i shed by the  P ro jec t  Procedure Manual are o u t l i n e d  below: 

Th is  document has 

The systems and proce- 

Provides a d e s c r i p t i o n  o f  t he  p r o j e c t  o rgan iza t ion  o f  F luo r  and SDG&E, 
def ines  r e s p o n s i b i l i t i e s  o f  p r o j e c t  members and de f ines  communication 

and i n t e r f a c e  procedures. 

Describes the  management con t ro l  system procedures 

schedule con t ro l s ,  cos t  es t imat ing ,  p repara t ion  o f  

repor t ing .  

I d e n t i f i e s  scheduled p r o j e c t  review and design rev 

Defines the  var ious p r o j e c t  correspondence used f o  

i n c l u d i n g  cos t  and 

schedules and 

ew meetings. 

p r o j e c t  communica- 

t i o n s  and documentation o f  performance and progress. 

documentation inc ludes l e t t e r s ,  conference notes, telephone c a l l  con- 

f i rma t ions  and r e l a t e d  documents. 

The p r o j e c t  

Establ ishes a p r o j e c t  f i l e  index and a document d i s t r i b u t i o n  char t .  

Provides a method f o r  documentation, assignment and c o n t r o l  o f  a c t i o n  

i tems. 
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0 Establ ishes procedures f o r  engineer ing and design con t ro l s .  These 

inc lude use o f  t he  Design Guide, design ca l cu la t i ons ,  drawing and 

s p e c i f i c a t i o n  preparat ion,  approval and issuance and design coord i -  

na t i on  systems. 

0 Provides methods f o r  c o n t r o l  o f  vendor-generated data. 

0 Describes the  Q u a l i t y  Assurance Program and references r e l a t e d  proce- 

dures i n  the  Q u a l i t y  Assurance Manual. 

0 Provides procedures f o r  cos t  accounting, i n c l u d i n g  a d e t a i l e d  cos t  code 

o f  accounts. 

0 Future sect ions w i l l  be added t o  de f i ne  procurement and cons t ruc t i on  

procedures. 

8.2 DESIGN GUIDE 

The need f o r  a document t o  p rov ide  a consol idated bas is  f o r  design f o r  the  power 

p l a n t  was i d e n t i f i e d ,  and the  prepara t ion  o f  t h i s  document was assigned as a 

j o i n t  Fluor/SDG&E e f f o r t .  The purpose o f  t h i s  document i s  as fo l lows:  

0 To c o l l e c t  a l l  p r o j e c t  design c r i t e r i a  i n  one document, so a l l  p r o j e c t  

p a r t i c i p a n t s  w i l l  use a common design basis. 

0 Through the  process o f  documentation and rev iew o f  t he  design c r i t e r i a ,  

assurance i s  prov ided t h a t  t he  d e t a i l e d  design implementation w i l l  

s a t i s f y  o v e r a l l  p r o j e c t  ob jec t ives .  

0 Changes i n  design phi losophy and implementation, r e s u l t i n g  from design 

reviews o r  o the r  conferences, w i l l  be incorporated i n  the  Design Guide. 

This  w i l l  p rov ide  a means t o  conso l ida te  the  ongoing changes i n  design 

phi losophy i n  a c e n t r a l i z e d  document. 

0 SDG&E w i l l  approve the  bas ic  Design Guide and any subsequent changes. 

This  w i l l  assure agreement has been reached i n  the  design ob jec t i ves  

f o r  t he  p r o j e c t .  
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The Design Guide will include the following data: 4d 
0 A description of the project, including basic project design objectives 

and associated risks. 

0 A definition of the project interfaces 

0 A description of the operating plans for the plant. 

0 Project schedules, including requirements for licensing and permits. 

0 A summary of studies and optimizations performed or planned for the 
project. 

e A section defining the general project design objectives. This sectiori 
provides the design requirements for each power plant system, major 
items o f  equipment, buildings and structures. Also included are require- 
ments for plant operation and maintenance, reliability, regulatory 
requirements and plant safety. 

0 A section will be added to describe the actual design of the power 
plant systems and equipment after detailed design of the systems has 
been completed and approved. 

8 . 3  QUALITY ASSURANCE 

The Quality Assurance Manual t o  be used by Fluor for the power plant was prepared 
and submitted to SDG&E for review. 
and SDG&E Quality Assurance personnel to establish agreement on the extent and 
philosophy of quality assurance activities for the project. 
approved and is ready for implementation. 
the following objectives, which are further defined in the Quality Assurance 
Manual. 

Subsequent meetings were conducted by Fluor 

The manual has been 
The Quality Assurance Program considers 

0 To provide the procedures and review/audit systems required to assure 
that design, procurement and construction of the power plant will 
provide a high quality product conforming to established design cri- 
teria and other program guidelines and sound engineering practices. 
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0 To f a m i l i a r i z e  and indoc t r i na te  p r o j e c t  personnel i n  the  Q u a l i t y  Assur- 

ance Program ob jec t ives ,  procedures and requirements. 

0 To i n t e r f a c e  w i t h  o ther  p r o j e c t  con t ro l  systems, i nc lud ing  those 

def ined i n  the Procedure Manual and the  Design Guide, t o  assure 

un i fo rm i t y  and conformance w i t h  p r o j e c t  requirements. 

8 To e s t a b l i s h  procedures f o r  assigning q u a l i t y  l e v e l s  t o  s t ruc tu res ,  

systems and equipment based on an eva lua t ion  o f  t h e i r  importance i n  

c o n t r i b u t i n g  t o  p l a n t  sa fe ty ,  performance, r e l i a b i l i t y ,  and maintain- 

ab i  1 i ty. 

0 To provide an independent review and a u d i t  agency t o  assess the q u a l i t y  

o f  ongoing work and conformance t o  es tab l i shed procedures. 

0 I n i t i a l  emphasis w i l l  be on the  engineering and design con t ro l  proce- 
dures. Q u a l i t y  assurance procedures as app l ied  t o  procurement and 

cons t ruc t i on  w i l l  be developed p r i o r  t o  i n i t i a t i n g  those p r o j e c t  phases. 
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