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M i s s i o n  Power E n g i n e e r i n g  Co. 
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ABSTRACT 

The C a l i f o r n i a  Energy Company I n c .  
( C E C I )  and M i s s i o n  Power E n g i n e e r i n g  Co. 
(MPE) formed a team i n  1987 t o  d e v e l o p  
U n i t s  2 t h r o u g h  9 o f  t h e  COSO P r o j e c t .  
Each o f  t h e s e  u n i t s  a r e  30 MW nomina l ,  
d u a l  f l a s h  des ign .  They a r e  l o c a t e d  on 
f o u r  s i t e s  i n  t h e  COSO KGRA i n  C e n t r a l  
C a l i f o r n i a .  T h i s  paper d e s c r i b e s  t h e  
P r o j e c t  and p r o g r e s s  t o  d a t e  on t h e  8 
u n i t s .  

The w e l l s  a t  s p e c i f i c  s i t e s  have 
developed w i t h  e n t h a l p i e s  r a n g i n g  f rom 
420  t o  1000 Btu/Lb. The same b a s i c  
hardware, i n c l u d i n g  t h e  t u r b i n e - g e n e r a t o r  
s e t s ,  have been used f o r  t h i s  f u l l  range 
o f  c o n d i t i o n s  i n  o r d e r  t o  a l l o w  t h e  v e r y  
r a p i d  development o f  t h i s  r e s o u r c e  area.  
The g e n e r a t i n g  p l a n t s  o f  t h i s  paper  were 
s t a r t e d  i n  March 1988.  As o f  May 1 9 8 9 ,  
f o u r  u n i t s  a r e  i n  commercial  o p e r a t i o n  
and t h e  r e m a i n i n g  f o u r  a r e  i n  
c o n s t r u c t i o n .  

INTRODUCTION 

The P r o j e c t s  a r e  i n  t h e  COSO Known 
Geothermal Resource Area ( K G R A ) ,  wh ich  i s  
a p p r o x i m a t e l y  30 m i l e s  f r o m  R i d g e c r e s t ,  
and l o c a t e d  on t h e  U. S. Navy China Lake 
Naval  Weapons Cen te r  (NWC) .  The P r o j e c t  
I s  a development o f  t h e  U.S.Navy t h r o u g h  
t h e  NWC Geothermal Program O f f i c e ,  headed 
by D r .  C a r l  F. A u s t i n .  Purposes o f  t h e  
Program i n c l u d e ;  

a. Demons t ra t i on  o f  b e n e f i c i a l  uses o f  
t h e  Weapons Cen te r  wh ich  a r e  
c o m p a t i b l e  w i t h  t h e  p r i m a r y  m i s s i o n  
o f  weapons t e s t i n g .  
b. Development o f  an energy  sou rce  
wh ich  i s  n o t  dependent on i m p o r t e d  
f u e l .  

The c o m p a t i b i l i t y  i s  accomp l i shed  by 
o c c a s i o n a l l y  removing a l l  p e r s o n n e l  f r o m  
t h e  power a r e a  f o r  a few hours ,  l e a v i m g  
t h e  u n i t s  i n - s e r v i c e  and a u t o m a t i c a l l y  
c o n t r o l l e d ,  unat tended.  

Ca 1-i f o  r n  i a 

The l e a s e  a reas  and r e s u l t a n t  p l a n t  s i t e s  
a r e  named f o r  t h e  governmenta l  e n t i t i e s  
who manage them f o r  t h e  U n i t e d  S t a t e s ;  
"Navy 1 " .  "Navy 2 " ,  and "BLM". F i g u r e  1 
shows t h e  l o c a t i o n  o f  t h e  KGRA,  and 
F i g u r e  2 t h e  l o c a t i o n  and i d e n t i f i c a t i o n  
o f  t h e  P r o j e c t  s i t e s .  The C a l i f o r n i a  
Energy Company ( C E C I )  i s  t h e  manager- 
o p e r a t o r  o f  t h e  l e a s e s ,  and t h e  manager 
o f  t h e  e x t e n s i v e  d r i l l i n g  program. The 
Owners a r e  a f f i l i a t e s  o f  C E C I  and 
Cai  t hness  C o r p o r a t i o n .  Miss i o n  Power 
E n g i n e e r i n g  i s  t h e  t u r n k e y  EPC 
( E n g i n e e r / P r o c u r e / C o n s t r u c t )  c o n t r a c t o r  
f o r  t h e  8 u n i t s  ( u n i t s  b e i n g  w e l l h e a d  t o  
g e n e r a t o r )  and a 230  KV t r a n s m i s s s i o n  
l i n e  t o  connec t  t o  t h e  power p u r c h a s e r ,  
t h e  Sou the rn  C a l i f o r n i a  Edison Co. (SCE) .  
The c o n s t r u c t i o n  sequence i s :  

2 3 0  KV T r a n s m i s s i o n  L i i e  
( e n e r g i z e  Oc tober  1 9 8 8 )  

U n i t s  2 and 3 a t  t h e  Navy 1 s i t e  
( s y n c h r o n i z e  November/December 1 9 8 8 )  

U n i t s  7 and 8 a t  t h e  BLM e a s t  s i t e  
( s y n c h r o n i z e  December 1 9 8 8 )  

U n i t  9 a t  t h e  BLM west s i t e .  
( s y n c h r o n i z e  J u l y  1 9 8 9 )  

U n i t s  4,5 and 6 a t  t h e  Navy 2 s i t e .  
( s y n c h r o n i z e  Dec. 1989/Feb.  1 9 9 0 )  

T h i s  Paper p r e s e n t s  t h e  c o n c e p t s  
used, d e s i g n  i m p l e m e n t a t i o n s  o f  t h o s e  
concep ts ,  and t h e  e x p e r i e n c e  t o  d a t e  i n  
c o n s t r u c t i n g  t h e  p l a n t s .  

The development was made p o s s i b l e  by 
a complex s e t  o f  e n a b l i n g  l e g l s l a t i o n .  F i g u r e  1.  COSO PROJECTS LOCATION 

645 



Schoonmaker 

HWY.395 

CONCEPTS 

&.-. 2 

The f e a t u r e s  o f  unusual  i n t e r e s t  i n  
t h i s  f a c i l i t y  a r e  i t s  s i z e  ( 2 2 0  MW i n  8 
u n i t s ) ,  l o c a t i o n  on a Weapons T e s t  
Cen te r ,  and t h e  f a s t  t r a c k  schedu le  w i t h  
i t s  r e l a t e d  r e a c t i o n s  t o  unexpected 
r e s o u r c e  and l i c e n s i n g  occu r rences .  

F a s t  T rack  Schedule.  

For  economic and l i c e n s i n g  reasons, 
t h e  Owner de te rm ined  t h a t  i t  was 
d e s i r a b l e  t o  d e v e l o p  t h e  r e s o u r c e  on a 
f a s t  t r a c k  b a s i s .  F a s t  t r a c k  i n  t h e  
d e s i g n  s t a g e  meant overcoming t h e  t y p i c a l  
18 month l e a d  t i m e  f o r  t h e  t u r b i n e -  
g e n e r a t o r  s e t s ;  t h e  t y p i c a l  p a c i n g  i t em.  
T h i s  was a i d e d  by e a r l y  o r d e r  o f  t h e  
t u r b i n e - g e n e r a t o r ,  and making t h e  
s u p p l i e r  s e l e c t i o n  based l a r g e l y  on 
schedu le  f a c t o r s  a f t e r  a v a i l a b l e  q u a l i t y  
s u p p l i e r s  were f o u n d  who c o u l d  d e l i v e r  
t h e  t e c h n i c a l l y  r e q u i r e d  p r o d u c t .  The 
s i n g l e  most s u b s t a n t i a l  i n g r e d i e n t  i n  
" f a s t  t r a c k i n g "  was t o  implement t h e  same 
d e s i g n  8 t imes :  t h e  w e l l  known c o o k i e  
c u t t e r .  As t y p i c a l ,  t h e  c o o k i e s  d i d  n o t  
q u i t e  come o u t  i d e n t i c a l .  However, l o n g  
l e a d  t i m e  i t e m s  were r e p e a t e d  a t  each 
l o c a t i o n ,  t h u s  a l l o w i n g  e x p e d i t e d  t i m i n g  
o f  a l l  ma jo r  equipment.  T h i s  i n c l u d e s  
t h e  t u r b i n e  g e n e r a t o r  s e t s ,  t h e  
S e p a r a t o r s  (HP and LP), t h e  DCS ( D i g i t a l  
C o n t r o l  System) c o n t r o l s ,  and t h e  c o o l i n g  
t o w e r s  and condensers,  w i t h  some 
m o d i f i c a t i o n s .  

A common'and s u c c e s f u l  t e c h n i q u e  o f  
f a s t  t r a c k i n g  i s  t o  t a k e  advantage o f  
m u l t i p l e  s u p p l i e r s  f o r  e s s e n t i a l l y  e v e r y  
component d u r i n g  t h e  d e s i g n / p r o c u r e  
p rocess .  S u p p l l e r  c o m p e t i t i o n  can be 
encouraged i n  te rms  o f  schedu le  as w e l l  
as q u a l i t y  and c o s t .  The m a j o r i t y  o f  
r e m a i n i n g  c o n s t r u c t i o n  m a t e r i a l  was 
p r o c u r e d  based l a r g e l y  on schedule.  
S u b s t a n t i a l  l e v e r a g e  was a f f o r d e d  by 
o r d e r i n g  m a t e r i a l  f o r  8 u n i t s  a t  one 
t i m e .  P a r t i c u l a r  advantage i s  ga ined  by 
domes t i c  s u p p l i e r s  f o r  much equipment 
because o f  e l i m i n a t i n g  l o n g  
t r a n s p o r t a t i o n  t imes .  A t  t h e  s t a r t  o f  
t h e  P r o j e c t s ,  domes t i c  shops p r o d u c i n g  
f o r  t h e  power marke t  were g e n e r a l l y  
o p e r a t i n g  a t  under  t h e i r  c a p a c i t y ,  wh ich  
a i d e d  t h e  a g g r e s s i v e  schedu le .  A l l  
sou rces  o f  s u p p l y  e x c e p t  t h e  t u r b i n e -  
g e n e r a t o r  a r e  p r o v i d e d  by domes t i c  
s u p p l i e r s .  

Because o f  t h e  s i z e  and l o c a t i o n  o f  
t h e  r e s o u r c e  w e l l s ,  p i p e  became t h e  
l a r g e s t  m a t e r i a l  procurement  i t e m  i n  

te rms  o f  b o t h  c o s t  and we igh t .  I t  has 
a l s o  been t h e  most d i f f i c u l t  t o  e x p e d i t e .  
The steam system i n c l u d e s  p i p e  s i z e s  up 
t o  48 i n c h  d i a m e t e r ,  and t e n s  o f  
thousands o f  f e e t  o f  l a r g e  b o r e  p i p e  a r e  
i n v o l v e d .  

I 

F i g u r e  2. PROJECT IDENTIFICATION 

DESIGN 

F a c i l i t y  Layout .  

One r e s u l t  o f  t h e  a g g r e s s i v e  
schedu le  was t h a t  some o f  t h e  r e s o u r c e  
w e l l s  were s t i l l  d e v e l o p i n g  w h i l e  d e s i g n  
was f i n i s h e d  on t h e  power p l a n t .  
O b v i o u s l y  t h i s  d i d  n o t  a l l o w  t e s t i n g  o f  
a l l  o f  t h e  f i n a l  r e s o u r c e  f l u i d  b e f o r e  
d e s i g n  o f  t h e  power c o n v e r s i o n  equipment .  
T h i s  o b s t a c l e  was managed by p r e d i c t i n g  
r e s o u r c e  development based on some w e l l  
c o m p l e t i o n  and t e s t i n g ,  As s h o u l d  be 
expec ted ,  t h e  p r e d i c t i o n  was sometimes 
i m p e r f e c t .  One means t o  hand le  t h i s  
d i f f i c u l t y  i s  t o  l o c a t e  t h e  s team/water  
s e p a r a t o r s  i n  t h e  r e s o u r c e  areas,  away 
f r o m  t h e  power equipment ,  i n  o r d e r  t o  
a l l o w  as l o n g  a d e l a y  as p o s s i b l e  o f  t h a t  
equipment , i .e . ;  much l a r g e  steam p i p i n g  
and a l l  t h e  power a r e a  equipment c o u l d  be 
i n s t a l l e d  w i t h o u t  h a v i n g  t o  w a i t  f o r  
f i n a l  w e l l  i n f o r m a t i o n .  There a r e  now 
two d i s t i n c t  a reas  o f  each P l a n t :  

A. The G a t h e r i n g  / I n j e c t i o n  a rea ,  
w h i c h  i n c l u d e s  r e s o u r c e  w e l l s ,  HP and 
LP s e p a r a t o r s ,  i n j e c t i o n  pumps, 
i n j e c t i o n  w e l l s ,  s u p o r t i n g  e l e c t r i c a l '  
b u i l d i n g s ,  and o t h e r  s u p p o r t i n g  
equipment  such as s i l e n c e r s ,  steam 
t r a p s ,  e t c .  
B. The Power B l o c k  a rea ,  wh ich  
i n c l u d e s  t h e  t u r b i n e - g e n e r a t o r s ,  
s w i t c h y a r d ,  condenser,  c o o l i n g  t o w e r ,  
gas compressors,  t h e  c o n t r o l  b u i l d l n g ,  
and o t h e r  s u p p o r t i n g  b u i l d i n g s  f o r  a i r  
compressors,  o f f i c e ,  warehouse, and 
e l e c t r i c a l  equipment.  
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S c h o o n m a k e r  

O the r  means employed t o  h e l p  manage Cycle.  
t h e  u n c e r t a i n  resource  a re :  

1. a h i g h  p r e s s u r e  t o  low p r e s s u r e  
bypass a t  t h e  t u r b i n e .  I f  t h e  
r e s o u r c e  e n t h a l p y  deve loped  a t  
h i g h e r  t h a n  expec ted  va lues ,  t h e  
bypass a l l o w s  t h e  low p r e s s u r e  
s e c t i o n  o f  t h e  t u r b i n e  t o  be 
s u p p l i e d  by h i g h  p r e s s u r e  steam. 
T h i s  o f  course would have some 
n e g a t i v e  e f f e c t  on o v e r a l l  h e a t  
r a t e ,  b u t  t h e  e f f e c t  would be s m a l l  
i n  t h e  case o f  h i g h  e n t h a l p y .  P l a n t  
c a p a c i t y ,  o f  course,  would remain 
i n t a c t .  

2. o v e r s i z e d  p i p i n g  t o  m i n i m i z e  
p r e s s u r e  drops,  wh ich  would p r o t e c t  
t h e  p l a n t  c a p a c i t y  i n  t h e  e v e n t  o f  
d e c r e a s i n g  resource  p r e s s u r e .  

3 .  Connect ion t o  t h e  steam system o f  
more s e p a r a t o r  and r e s o u r c e  w e l l  
c a p a c i t y  t h a n  r e q u i r e d  i n  t h e  e a r l y  
yea rs  o f  o p e r a t i o n .  T h i s  a l s o  has 
t h e  advantage o f  p r o v i d i n g  
f l e x i b i l l t y  f o r  w e l l  o r  w e l l  a rea  
equipment maintenance outages.  

The p l a n t  l a y o u t  i n c l u d e s  o u t d o o r  
c o n s t r u c t i o n  o f  t h e  t u r b i n e - g e n e r a t o r s ,  
v e r t i c a l  t u r b i n e  exhaust ,  condenser 
c r o s s o v e r  d u c t ,  condenser a t  grade, open 
a i r  s w i t c h y a r d ,  and b u i l d i n g s  f o r  
e l e c t r i c a l  gear ,  c o n t r o l  room, and a i r  
compressors.  

4 
n 

KEY 
1. H P S e p a r a t o r s  2. L P S e p a r a t o r s  
3 .  T u r b i n e  4. C rossover  P i p i n g  
5. Condenser 6. C o o l i n g  Tower 
7.  I n t e r c o n d e n s e r  8. J e t  E j e c t o r  
9. Gas Compressor 10. I n j e c t i o n  Pump 
1 1 . I n j e c t i o n  W e l l s  12. Resource W e l l s  

F l g u r e  3. BASIC CYCLE 

S e l e c t i o n  o f  t h e  t w o - f l a s h  c y c l e  was 
made e a r l y .  The resource  known a t  t h e  
t i m e  o f  t u r b i n e  s e l e c t i o n  produced f l u i d  
w i t h  an energy  l e v e l  ( E n t h a l p y )  i n  t h e  
range o f  420 t o  450 Btu/Lb. The c y c l e  
o p t i m i z a t i o n  was s t r a i g h t f o r w a r d ,  and 
r e s u l t e d  i n  a t u r b i n e  i n l e t  p r e s s u r e  i n  
t h e  100 p s i g  range, and t h e  second f l a s h  
a t  s l i g h t l y  o v e r  a tmospher i c  p r e s s u r e  f o r  
t h e  4,000 f t .  a l t i t u d e .  C o o l i n g  t o w e r  
makeup wa te r  i s  s u p p l i e d  f rom condensate,  
w i t h  excess o v e r  e v a p o r a t i v e  r e q u i r e m e n t s  
r e t u r n e d  t o  t h e  geothermal  r e s e r v o i r  
a l o n g  w i t h  t h e  spen t  b r i n e .  Re fe rence  
F i g u r e  3 .  The t u r b i n e  s e l e d t e d  i s  a 7 
row ( 4  HP, 3 LP) 2 admiss ion  s i n g l e  f l o w  
t u r b i n e  w i t h  upward exhaust ,  c o u p l e d  t o  a 
3 3  MVA g e n e r a t o r  o f  c l o s e d  c y c l e  a i r  
c o o l e d  c o n f i g u r a t i o n .  

Noncondensable Gas C o n t r o l .  

The r e s o u r c e  produces s m a l l  amounts 
o f  noncondensable gas a l o n g  w i t h  t h e  
b r i n e ;  3000 t o  7000 ppm i n  b r i n e  b e i n g  
t y p i c a l .  The gasses c o n s i s t  o f  C 0 2  w i t h  
s m a l l  amounts o f  ammonia, hydrogen,  and 
gaseous hydrocarbons.  The gas a l s o  
i n c l u d e s  hydrogen s u l f i d e  i n . q u a n t i t i e s  
j u s t  h i g h  enough t o  p r e v e n t  u n t r e a t e d  
d i s c h a r g e .  L i c e n s i n g  concerns and t h e  
n a t u r e  o f  t h e  r e s o u r c e  made i t  c l e a r  t o  
C E C I  v e r y  e a r l y  t h a t  t h e  noncondensable 
gas genera ted  w i t h  t h e  steam wou ld  b e s t  
be managed by i n j e c t i n g  a l l  t h e  gases 
produced w i t h  t h e  geothermal  w a t e r  and 
steam back i n t o  t h e  r e s e r v o i r ,  a l o n g  w i t h  
t h e  c o o l e d  r e s o u r c e  b r i n e .  T h i s  meant 
t h a t  gas and w a t e r  c leanup  d e v i c e s ,  as i s  
t y p i c a l  o f  vapor-dominated r e s e r v o i r s  
such as t h e  Geysers,  would n o t  be 
r e q u i r e d ,  b u t  t h a t  l a r g e  gas compressors 
f o r  t h e  i n j e c t i o n  p rocess  would be 
r e q u i r e d .  P a r t i t i o n i n g  o f  s o l u b l e  gasses 
i n  t h e  condenser,  p a r t i c u l a r l y  t h e  s m a l l  
volume o f  hydrogen s u l f i d e ,  o f  c o u r s e  
remained an i m o r t a n t  f a c t o r .  The 
p a r t i t i o n i n g  e f f e c t i v e n e s s  o f  t h e  
condenser i s  e f f e c t e d  v e r y  s t r o n g l y  by 
t h e  r a t i o  o f  hydrogen s u l f i d e  t o  ammonia, 
and t h e  r e s u l t a n t  pH o f  t h e  vapor .  T h i s  
r e s o u r c e  has "coopera ted"  by p r o v i d i n g  
good chemica l  c h a r a c t e r i s i t c s .  
P a r t i t i o n i n g  i s  ach ieved  v e r y  w e l l  by use 
o f  a s h e l l  and t u b e  condenser w i t h  
a p p r o p r i a t e  d e s i g n  t o  promote s e p a r a t i o n  
e f f e c t i v e n e s s .  

Header System. 

The r e s o u r c e  o f  t h e  f i r s t  two  u n i t s ,  
Navy 1 u n i t s  2 ana 3 ,  developed w i t h  
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unequal  p r o d u c t i o n  f r o m  two geographic  
areas. I t  was t h e r e f o r e  de te rm ined  
d u r i n g  d e s i g n  development t h a t  i t  was 
advantageous t o  have a common r a t h e r  t h a n  
u n i t i z e d  resource/s team system f o r  each 
P l a n t  (1.e.; Navy l ,  NavyP, BLM). T h i s  
concep t  was c a r r i e d  f o r a r d  t o  t h e  
r e m a i n i n g  s i t e s .  As many as t h r e e  u n i t s ,  
and as few as one, a r e  connected t o  each 
header system. Re fe rence  F i g u r e  4. Each 
HP s e p a r a t o r  i s  s u p p o r t e d  by 1 t o  4 
r e s o u r c e  w e l l s .  The HP s e p a r a t o r s  a r e  
each capab le  o f  a nominal  15  MW, o r  h a l f  
l o a d  o f  one u n i t .  Each LP s e p a r a t o r  i s  
capab le  o f  s u p p o r t i n g  t h e  low p r e s s u r e  
steam demand o f  one u n i t  a t  f u l l  load.  
I t  can be seen t h a t  c o m b i n a t i o n s  o f  
w e l l s ,  HP s e p a r a t o r s ,  LP s e p a r a t o r s ,  and 
a s s o c i a t e d  headers w i l l  p r o v i d e  a v e r y  
h i g h  degree o f  f l e x i b i l i t y .  The Navy 2 
header system, i n  o r d e r  t o  s u p p l y  3 
t u r b i n e s ,  w i l l  be i n c l u d e  7 HP s e p a r a t o r s  
and 3 LP s e p a r a t o r s .  

s i l e n c e r s ,  and a l l  i n  a d d i t i o n  t o  code 
p r o t e c t i o n  o f  t h e  p r e s s u r e  v e s s e l s  o r  
p i p i n g .  

C o n t r o l  System. 

The f a s t  t r a c k  n a t u r e  o f  t h e  
P r o j e c t s  made a d i s t r i b u t e d  D i g i t a l  
C o n t r o l  System an obv ious  c h o i c e  f o r  
o v e r a l l  p l a n t  c o n t r o l ,  due t o  i t s  
f l e x i b i l i t y ,  p a r t i c u l a r l y  a t  t h e  l a t e  
s tages  o f  t h e  work. The resource  w e l l  
a reas  were connected by a few c o a x i a l  
c a b l e s  t o  t h e  power b l o c k  area,  t h u s  
s a v i n g  s i g n i f i c a n t  t i m e  i n  d e s i g n  and 
c o n s t r u c t i o n .  Manufactured b u i l d i n g s  
were d e s i g n e d  and c o n s t r u c t e d  t o  p r o v i d e  
a l a r g e  ( 5 0  x 40 f t .)  C o n t r o l  Room t o  
house t h e  computers,  t ouch -sc reen  v i d e o s ,  
T u r b i n e  G e n e r a t o r  pre-manufactured 
c o n t r o l  p a n e l s ,  and suppor t .  

E l e c t r i c a l .  

12 

I 

1 1  

F igu re  4. PLANT AND HEADER 
(see KEY on F i g u r e  3) 

The sometimes d i f f i c u l t  t a s k  o f  
c o n t r o l l i n g  a header c o n f i g u r a t i o n  i s  
managed u s i n g  t u r b i n e  c o n t r o l s  
a p p r o p r i a t e l y :  

W i t h  2 o r  3 U n i t s  i n  s e r v i c e ,  a t  l e a s t  
one u n i t  c o n t r o l s  main steam p r e s s u r e  
by v a r y i n g  l o a d  as r e q u i r e d ,  and t h e  
o t h e r  U n i t ( s )  m a i n t a i n  f i x e d  l oad .  
The o v e r a l l  p l a n t  l o a d ,  excep t  f o r  
t r a n s i e n t s ,  i s  c o n t r o l l e d  by manua l l y  
( r e m o t e l y )  o p e r a t i n g  we l l -head  c o n t r o l  
v a l v e s  f r o m  t h e  t u r b i n e  a rea  c o n t r o l  
room. F u t u r e  a u t o m a t i o n  o f  t hese  
v a l v e s  can r e a d i l y  be done w i t h  
e x i s t i n g  equipment i f  d e s i r e d .  

S t a r t u p  and o t h e r  t r a n s i e n t s  on t h e  
header system a r e  managed by use o f  
s e v e r a l  s p e c i f i c  d e v i c e s :  

HP s e p a r a t o r  p r e s s u r e  le t -down.  
HP s e p a r a t o r  h i g h  l e v e l  c o n t r o l  
LP s e p a r a t o r  p r e s s u r e  l e t -down  
LP s e p a r a t o r  h i g h  l e v e l  c o n t r o l  
HP and LP header p r e s s u r e  l e tdowns  

A l l  t h e  above b e i n g  ven ted  t o  

Cable T ray  was u n i v e r s a l l y  used i n  
l i e u  o f  d u c t  bank o r  b u r i e d  c o n d u i t  f o r  
b u l k  e l e c t r i c a l  r u n s  on t h e  f i r s t  f o u r  
u n i t s .  T h i s  a l l o w e d  t h e  g r a d i n g  work t o  
p roceed  e a r l y  because c o n f l i c t  would n o t  
e x i s t  w i t h  underground d u c t  banks. A 
"back bone" system o f  p i p e  and c a b l e  t r a y  
r o u t i n g  was developed i n  t h e  power b l o c k  
a rea  v e r y  e a r l y  i n  t h e  des ign ,  and 
equipment - l a y o u t  f o l l o w e d  f r o m  t h a t  
f undamenta l .  A t y p i c a l  system o f  
l 3 , 8 0 0 ~ 4 1 6 0 / 4 4 0 / u t i l i t y  and DC V o l t a g e  
systems were des igned.  

T r a n s m i s s i o n  L i n e .  

T r a n s m i s s i o n  o f  power f o r  t h e  f i r s t  
U n i t  had been accompl ished w i t h  a 115KV 
power l i n e  f r o m  Navy 1 t o  t h e  SCE 
I n y o k e r n  S u b s t a t i o n ,  30 m i l e s  away o v e r  
e n v i r o n m e n t a l l y  and a r c h a e l o g i c a l l y  
s e n s i t i v e  t e r r a i n .  The f i r s t  two u n i t s ,  
Navy 1 u n i t s  2 & 3 ,  t i e d  i n  t o  t h i s  l i n e .  
Subsequent power t r a n s m i s s i o n  was h a n d l e d  
w i t h  a new l i n e  p a r a l l e l  t o  t h e  f i r s t .  
The new l i n e  has been c o n s t r u c t e d  f o r  230 
KV o p e r a t i o n .  However i t  was i n i t i a l l y  
e n e r g i z e d  a t  115KV. I t  w i l l  be upgraded 
t o  230KV on c o m p l e t i o n  o f  t h e  SCEdison 
I n y o k e r n  t o  Kramer t r a n s m i s s i o n  l i n e  i n  
t h e  n e a r  f u t u r e .  Dual  v o l t a g e  main 
s tepup  t r a n s f o r m e r s  were i n s t a l l e d  f o r  
t h e  3 r d  t h r u  5 t h  u n i t s  i n s t a l l e d  (BLM 
U n i t s ,  7,8 and 9)  t o  hand le  t h e  i n t e r i m  
u n t i l  upgrade o f  t h e  SCE p o r t i o n  o f  t h e  
l i n e .  I n  t h e  l o n g  term,  t h e  Navy 1 u n i t s  
w i l l  o p e r a t e  a t  115 KV,  t h e  r e m a i n i n g  
p l a n t s  a t  230 KV.  The l i n e  uses doub le  
bund led  1590 KCMI1 conduc to r ,  and H-Frame 
wood s t r u c t u r e s .  T h i s  approach g e n e r a l l y  
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a l l o w e d  t h e  use o f  t h e  115 K V  s t r u c t u r e  
s p a c i n g  ( r u l i n g  span),  and t h e  d i s t u r b e d  
c o n s t r u c t i o n  a reas  p r e v i o u s l y  used, t h u s  
m i n i m i z i n g  t h e  added e n v i r o n m e n t a l  impac t  
f o r  t h e  second L i n e .  

EXPERIENCE 

The f a s t  t r a c k  g o a l s  were met i n  t h e  
i m p o r t a n t  aspec ts .  The year-end t a x  
c r e d i t  o p p o r t u n i t i e s  f o r  t h e  i n i t i a l  f o u r  
u n i t s  were achieved.  Doing so r e q u i r e d  a 
ma jo r  e f f o r t ,  i n c l u d i n g  a work f o r c e  t h a t  
exceeded 2 , 4 0 0  c r a f t  employess a t  i t s  
peak. I t  a l s o  r e q u i r e d  v e r y  ma jo r  e f f o r t  
on t h e  p a r t  o f  many s u p p l i e r s  a l l  ac ross  
t h e  U.S. and i n  Japan. The acceptance o f  
d e s i g n  c r i t e r i a  o c c u r r e d  i n  May 1987.  
M o b i l i z i n g  o f  t h e  c o n s t r u c t i o n  crew and 
ground b r e a k i n g  on t h e  f i r s t  2 u n i t s  was 
i n  Februa ry  o f  1 9 8 8 ,  and f i r s t  
s y n c h r o n i z a t i o n  was ach ieved  i n  November 
- a 19 month P r o j e c t  schedu le  w i t h  an 11 
month c o n s t r u c t i o n  schedule.  T u r b i n e  
s e t s  f o r  t h e  second two u n i t s  (BLM 1 and 
2 )  were o r d e r e d  i n  January 1 9 8 8 ,  and were 
s y n c h r o n i z e d  i n  December, 1 9 8 8 ,  a f t e r  a 
c o n s t r u c t i o n  t i m e  o f  under  8 months. 
These r e s u l t s  were ach ieved  d e s p i t e  
s e v e r a l  compe t ing  f a c t o r s ,  i n c l u d i n g  c o l d  
wea the r ,  l o c a t i o n  on a m i l i t a r y  base, and 
a l o c a t i o n  remote f rom t h e  ma jo r  c e n t e r s  
o f  c o n s t r u c t i o n  employees. 

As t y p i c a l  o f  f a s t  P r o j e c t s ,  
l i c e n s i n g  was t r a c k i n g  j u s t  ahead o f  
d e s i g n  and c o n s t r u c t i o n  g e n e r a l l y .  
However, a m a j o r  p e r t u r b a t i o n  o c c u r r e d  
when, i n  Februa ry  o f  1 9 8 8 ,  i t  became 

necessary t o  s p l i t  what had been a 3 U n i t  
BLM s i t e  i n t o  2 d i s t i n c t  s i t e s  approx.  1 
m i l e  a p a r t ;  t h e  e a s t e r l y  s i t e  h a v i n g  2 
u n i t s  and t h e  w e s t e r l y  s i t e  one u n i t .  A t  
t h e  same t i m e  i t  became necessary t o  
r e l o c a t e  t h e  Navy 2 power b l o c k  s i t e .  
These moves had t h e  e f f e c t  o f  m a i n t a i n i n g  
a l l  t h e  p l a n t s  a t  l e a s t  one m i l e  from any 
n e i g h b o r i n g  p l a n t  s i t e .  I t  was a l s o  
necessary t o  reduce t h e  s i z e  o f  t h e  BLM 
e a s t e r l y  u n i t s  t o  24 MW Gross each under  
average c o n d i t i o n s .  The was accompl ished 
by: 

1.  I n s t a l l i n g  one l e s s  s t a g e  o f  h i g h  
p r e s s u r e  b l a d i n g ,  r o t a t i n g  and 
s t a t i o n a r y ,  a t  t h e  m a n u f a c t u r e r ’ s  
shop. 
2 .  I n s t a l l i n g  one l e s s  r o t o r  b a r  i n  
t h e  g e n e r a t o r  r o t a t l n g  f i e l d .  
3 .  I n s t a l l i n g  reduced f i l l  i n  t h e  
c o o l i n g  tower .  
4.  V a r i o u s  o t h e r  s m a l l e r  changes. 

The changes have produced t h e  p r e d i c t e d  
e f f e c t .  

Weather. 

S t a r t u p  i n  December, i n  t h e  h i g h  
d e s e r t ,  n a t u r a l l y  means c o l d  weather .  
U n f o r t u n a t e l y ,  i n s u l a t i o n  and h e a t  
t r a c i n g  needs t o  be i n s t a l l e d  near  t h e  
end o f  c o n s t r u c t i o n .  B e f o r e  c o m p l e t i o n  
o f  h e a t  t r a c i n g ,  v e r y  low tempera tu res ,  
combined w i t h  snow, r a i n ,  and heavy 
winds,  d i d  cause m u l t i p l e  i n s t r u m e n t  
s e n s i n g  problems.  T h i s  was p a r t i c u l a r l y  
a f a c t o r  on t h e  3 r d  and 4 t h  U n i t  as 
S t a r t u p  o c c u r r e d  w i t h  more c o n s t r u c t i o n  
i t e m s  r e m a i n i n g .  

F i g u r e  5. NAVY 1 GATHERING AREA. 
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RESOURCE DEVELOPMENT ach leved  commercial  o p e r a t i o n ,  and have 
c a p a c i t y  f a c t o r s  exceed lng  90%. 

The development o f  t h e  l e a s e  
resources ,  i n  te rms  o f  b o t h  t i m i n g  and 
produced f l u i d  energy l e v e l s ,  caused some 
changes I n  d e s i g n  i n t e r p r e t a t i o n .  The 
f i r s t  two u n i t s ,  Navy 1 u n i t s  2 and 3 ,  
used 7 r a t h e r  t h a n  4 h i g h  p r e s s u r e  
s e p a r a t o r s ,  3 r a t h e r  t h a n  2 LP 
s e p a r a t o r s ,  and o t h e r  a s s o c i a t e d  changes. 
The second p a i r  o f  u n i t s ,  on t h e  BLM e a s t  
l e a s e ,  had been des igned  f o r  e n t h a l p y  
l e v e l s  o f  550 Btu/Lb based on i n i t i a l  and 
l i m i t e d  t e s t i n g .  A f t e r  t h e  l i c e n s i n g  
impac ts  and subsequent f i e l d  development,  
t h e  a c t u a l  r e s o u r c e  developed a t  
480 B t u / l b .  T h i s  r e s u l t e d  i n  b r i n e  
p r o d u c t i o n  exceed ing  t h e  expec ted  by more 
t h a n  50%, and t h e r e f o r e  t h e  
noncondensable gas a l s o  exceed ing  
expec ted  v a l u e s ,  by t h e  same amount. 
T h i s  p rob lem has been v i g o r o u s l y  
addressed by t h e  Owners and C o n t r a c t o r .  
Temporary p i p i n g ,  gas removal  vacuum 
pumps, and b o o s t e r  pumps t o  improve 
per formance o f  t h e  steam j e t  e j e c t o r  
condensers,  were o b t a i n e d  and i n s t a l l e d .  

C a p a c l t y  F a c t o r .  

F o l l o w i n g  t h e i r  November 
s y n c h r o n i z i n g ,  t h e  f l r s t  two u n i t s  
ach leved  a c a p a c i t y  f a c t o r  o f  ove r  90% by 
January,  1989.  The second two U n i t s ,  a t  
BLM e a s t  s l t e ,  were s lower  i n  power 
ascens ion  because o f  Impacts  o f  t h e  
deve loped  e n t h a l p y .  However, by June o f  
t h i s  yea r  b o t h  o f  t h e s e  u n i t s  have a l s o  

Equipment Performance. 

For  t h e  most p a r t ,  equipment  has 
per formed as des igned.  T u r b i n e s  by F u j i  
E l e c t r i c  have per formed v e r y  w e l l .  The 
s e p a r a t o r s ,  des igned by Ben H o l t  Co. and 
f a b r i c a t e d  by c o m p e t e t i v e  b i d  t o  s t e e l  
f a b r i c a t o r s ,  have been v e r y  s u c c e s s f u l .  
The "New Zealand Drop P o t s " ,  condenser  
p a r t i t i o n i n g ,  and pumps have g e n e r a l l y  
been s u c c e s s f u l .  As one m i g h t  e x p e c t ,  
t h e  gas compressors,  wh ich  a r e  c a l l e d  
upon t o  hand le  a d i f f i c u l t  gas, have 
r e q u i r e d  more e f f o r t  a t  " f i n e  t u n i n g " .  
I n j e c t i o n  pump mechanica l  s e a l s  a r e  a l s o  
r e q u i r i n g  a t t e n t i o n .  T u r b i n e - g e n e r a t o r  
a u t o m a t i c  s t a r t i n g  and steam header  
p r e s s u r e  / p l a n t  l o a d  c o n t r o l s  a r e  
w o r k i n g  w e l l .  

FUTURE 

Prog ress  on t h e  P r o j e c t  c o n t i n u e s .  
U n i t  9 a t  t h e  BLM wes te rn  s i t e  i s  
expec ted  t o  s y n c h r o n i z e  i n  t h e  n e x t  2 
months, w i t h  c o m p l e t i o n  o f  a l l  power 
b l o c k  and resource  a reas  by y e a r  end. 
The Navy 2 s i t e  u n i t s ,  numbers 4,5,and 6, 
a r e  p roceed ing :  t h e  m a j o r  equipment  i s  
d e l i v e r e d ,  t h e  f o u n d a t i o n s  a r e  wel l  
a long ,  and t u r b i n e - g e n e r a t o r  f o r  u n i t  4 
i s  b e i n g  s e t .  These t h r e e  u n i t s  w i l l  be 
completed s h o r t l y  a f t e r  yea r  end, and t h e  
P r o j e c t s  w i l l  end t h i s  phase o f  
development.  

F i g u r e  6. Navy 1 Power P l a n t  Area 
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CONCLUSION t h e  a b i l i t y  t o  h a n d l e  t h e  u n e x p e c t e d .  
F l e x i b i l i t y  i n  d e s i g n  and management 

many t h i n g s ,  and r e q u i r e  many s k i l l s  t o  s c h e d u l e  g o a l s  a r e  t o  be met .  And a 
a c c o m p l i s h .  C h i e f  among t h e s e  s k i l l s  a r e  l i t t l e  l u c k .  

F a s t  t r a c k i n g  o f  a P r o j e c t  can mean methods i s  i m p e r a t i v e  i f  d i f f i c u l t  

Figure 7. BLM East 
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