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ABSTRACT 

The 52 MW Heber geothermal power plant was 
completed i n  August, 1985 in  Imperial Valley, 
California and has been successufully operating 
since then. 
This power plant i s  not only the  f i r s t  large 
capacity hot water type geothermal power plant i n  
U.S.A. b u t  a l so  the f i r s t  double f l a sh  cycle geo- 
thermal power plant in U.S.A.. 

The mixed pressure turb ine ,  a i r  cooled gener- 
a to r  and high eff ic iency steam gathering equip- 
ments were designed and manufactured by Mi tsubishi 
r e f l ec t ing  the experience i n  the  Hatchobaru 55MW . 
double f l a sh  geothermal power plant i n  Japan, 
which i s  the  f i r s t  double f l a sh  geothermal power 
plant i n  the  world. 

Successively, the second 17MW double f l a sh  
geothermal power plant s t a r t ed  cominerci a1 opera- 
t ion  i n  December, 1985 in  Beowawe, Nevada. 
This power plant had been completed i n  14 months 
including engineering, manufacturing, construction 
and t r i  a1 operation. 
For t h i s  shor t  cornpletion a l a rge  capacity module 
turbine ca l led  MODULAR-25 was adopted fo r  the 
f i r s t  time. 

INTRODUCTION 

The Heber geothermal power plant i s  located in  
southeast of the community o f  Heber, Imperial 
Valley, of which view i s  shown on Figure 1 .  

Fig. 1 VIEW OF'HEBER GEOTHERMAL 
POWER PLANT 

The geothermal brine i s  supplied by the 
Chevron Geothermal Company through a two-phase 
flow transmission pipe l i n e  froin the production 
island. 
The production we1 1 s produce approximately 
8,200,000 lbs/hr brine with a downhole enthalpy of 
332 B t u / l b  a t  3 6 O O F  t o  generate 52,000kW gross 
/47,00OkW net power and t h i s  geothermal brine 
contains 15,000 ppm TDS and 9,000 ppm chloride. 

The double f l a sh  cycle combined w i t h  two-phase 
flow transmission system was adopted because of 
i t s  economical higher eff ic iency a t  low tempera- 
t u re  brine condition. 

The steam gathering equipments a re  in s t a l l ed  
i n  f ron t  of the turbine pedestal and producing the 
primary and secondary steam. They a r e  constructed 
a s  two t r a i n s  of 50% each capacity. 

A 52,000kW mi xed pressure geothermal turbine 
and an 61,176kVA a i r  cooled generator a re  i n -  
s t a l l e d  on the foundation pedestal. 
The plant was planned as outdoor in s t a l l a t ion ,  and 
then the turbine and generator were so designed. 
Design specif icat ion of the turbine and generator 
i s  shown on Table 1 .  

4 
Table 1. DESIGN SPECIFICATION OF 

HEBER #1  AND BEOWAWE #1 

Uni t  Name 

Rated o u t p u t  

Speed 
Steam press.  p s i g  

No. o f  stages 
l l a s t  blade l e n a t h  I i n c h  

Voltage 
Cooling 

HEBER # l  
Double Pressure 

Double flow, 
I mpulse-reactior 

52,000 
52,000 
3,600 

40.411.0 
( S a t . )  287/215 

0.005 

3.5 

3.5 
636,2501571,870 

5 x 2 flow 
25 

Rotating field 
61,176 
13.8 

Air  -cooled 

BEOWAWE #I 
l o u b l e  Pressure 

Single flow, 
I mpu Ise-reaction 

16,660 
17,010 
3,600 

49.1 I1.42 
(Sa t . )  294/210 

0.01 

1.31 

1.25 
177.250/97.220 
5 x 1 flow 

25 
Rotating field 

18,900 
4.16 

Ai r-cooled 
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Th is  paper descr ibes fea tures  o f  t h e  Heber 
double f l a s h  geothermal power p l a n t  and i t s  major 
equipnents and, a t  t h e  same time, in t roduces  a 
l a r g e  capac i ty  t u r b i n e  module adopted t o  the  
Beowawe double f l a s h  geothermal power p l a n t .  the  same geothermal b r i n e  supply  than i n  

The advantages o f  double f l a s h  c y c l e  system 
are  as fo l lows:  

About 50 X more power can be produced w i t h  

s i n g l e  f l a s h  c y c l e  system. 

BRlNElSTEAM SUPPLY 

FLOW RATE 8,200,000 LR/HR 

DOUBLE FLASH CYCLE SYSTEM 

I n  s i n g l e  f l a s h  cyc le  system, a steam-hot 
water mix tu re  from w e l l  i s  l e d  t o  a separator ,  and 
t h e  separated steam i s  l e d  t o  a steam t u r b i n e  
w h i l e  the remain ing h o t  water i s  discharged as a 
waste. 
I n  double f l a s h  c y c l e  system, t h e  remain ing h o t  
water goes t o  a low pressure f l a s h e r  t o  produce 
secondary steam through f l a s h i n g .  
This  steam i s  admi t ted t o  an in te rmed ia te  stage o f  
t h e  tu rb ine .  

The double f l a s h  cyc le  was adopted t o  the 55MW 
Hatchobaru geothermal power p l a n t  f o r  t h e  f i r s t  
t ime i n  the world, and i t  has been opera t ing  s ince  
June, 1977. 
Then, i t  was determined t o  apply  t h e  double f l a s h  
c y c l e  t o  the  Heber geothermal power p l a n t  based on 
the  successful opera t ing  record  i n  the  Hatchobaru 
power p l  ant ,  o f  which avai  1 a b i  1 i t y  f a c t o r  i s 
higher  than 98%. 

F igure 2 shows the general concept ion o f  
double f l a s h  c y c l e  and s i n g l e  f l a s h  c y c l e  system. 

SINGLE FLASH CYCLE 
A 

SEPARATOR e 1 -  
I 

GtNtKATOR 

TURBINE 

DOUBLE FLASH CYCLE -_ _- 
@ STEAM TRANSMISSION SYSTEM 

!---* FLASHER 

I 

L 

9 Although t h e  t o t a l  investment c o s t  o f  the 
p l a n t  i s ,  about 5% h igher  than t h a t  o f  
s i n g l e  f l a s h  c y c l e  system, t h e  n e t  c o s t  per 
k i l o w a t t  hour i s  about 25 t o  30 % lower .  

TWO-PHASE FLOW TRANSMISSION 

Two-phase f l  u id ,  steam- h o t  water mix tu re ,  i s 
t r a n s m i t t e d  from the  product ion w e l l s  t o  t h e  power 
p l a n t  through two 36 i n c h  diameter pipes. 

Adoption o f  two-phase f l o w  t ransmiss ion  system 
t o  t h e  double f l a s h  c y c l e  f u r t h e r  improves p l a n t  
e f f i c i e n c y  becuase pressure l o s s  o f  two-phase 
f l o w  t ransmiss ion does no t  cause a power l o s s  l i k e  
a steam transmission. 
The steam-hot water mix tu re  t ransmiss ion  system 
was adopted t o  t h e  Hatchobaru geothermal power 
p l a n t  i n  Japan f o r  t h e  f i r s t  t ime i n  t h e  w o r l d  
based on t h e  cumulat ive f i e l d  t e s t  r e s u l t s ,  and 
now t h i s  system has become a proven system i n  a 
h o t  water type geothermal power p l a n t .  

The most impor tant  t h i n g  t o  des ign t h i s  system 
i s  t o  adopt the p i p i n g  arrangement which can main- 
t a i n  a s t a b l e  two-phase f l o w  a t  any p l a n t  operat -  
i n g  cond i t ion .  

b 

STEAM GATHERING SYSTEM 

Steam gather ing  system i n  the  Heber power 
p l a n t  cons is ts  o f  a u x i l i a r y  f l a s h  tank, h i g h  pres- 
sure f l a s h  tank (steam separator) ,  h o t  water  c o l -  
l e c t i n g  tank, low pressure f l a s h  tank  ( f l a s h e r )  
and b r i n e  r e t u r n  surge tank as shown on t h e  
schematic system diagram Figure 3. 
Design c o n d i t i o n  o f  t h e  steam gather ing  system i s  
shown on Table 2. 
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BRlNElSTEAM FROM WELLS I 

TO 

TO 
MlXE 

LOW PRESSURE FLASH ( TAYK 1 
SURGE TANK 

LOW PRESSURE FLASH ( TA,NK 1 

BOOSTER PUMP 

W TO REINJECTION @ 
BRINE RETURN 
BOOSTER PUMP 

Fig. 3 SYSTEM DIAGRAM OF STEAM GATHERING 

Geothermal steam-hot water m ix tu re  i s  
t ransmi t ted  t o  the  power p l a n t  area by t h e  two- 
phase f l ow  t ransmiss ion  pipes and, a t  f i r s t ,  l e d  
t o  the  a u x i l i a r y  f l a s h  tank  f o r  p re- f lash ing .  
Steam f lashed i n  t h e  a u x i l i a r y  f l a s h  tank  i s  then 
l e d  t o  the  steam separators,  where pre- f lashed 
steam i s  f u r t h e r  f l ashed  t o  pr imary steam o f  
h igher  p u r i  ty. 

By adopt ing  steam-hot water m ix tu re  t ransmiss ion  
system, the  number o f  steam separator i s  m in i -  
mized and they  a re  i n s t a l l e d  near t u r b i n e  t o  
ma in ta in  small  steam pressure loss .  

The i n t e r n a l  view o f  h i g h  pressure f l a s h  tank 
i s  shown on F igure  4. 

The a u x i l i a r y  f l a s h  tank  i s  i n s t a l l e d  a t  lower 
l e v e l  than t h e  separa tor  t o  ma in ta in  s t a b i l i t y  o f  
two-phase f l o w  by e l i m i n a t i n g  the  up-grade p ipe  
d i r e c t l y  connected t o  t h e  separator.  
The discharged ho t  water from the  a u x i l i a r y  f l a s h  
tank  and separator i s  l e d  t o  the  ho t  water co l -  
l e c t i n g  tanks i n  which t h e  water l e v e l  i s  
mai n t a i  ned . 
Th is  ho t  water i s ,  i n  t h e  nex t ,  l e d  t o  t h e  f l a s h e r  
t o  be f lashed i n t o  low pressure steam, which i s  
in t roduced i n t o  an i n te rmed ia te  stage o f  t he  
t u r b i n e  as secondary steam. 

Two se ts  o f  50% capac i t y  separators and 
f l ashe rs  a re  adopted because o f  excessive s i z e  o f  
these tanks, and i n s t a l l e d  symmet r ica l l y  t o  
prevent unbal ance f low.  
The discharged ho t  water from the  f l ashe rs  i s  l e d  
t o  the  hot water surge tank  a t  once and r e i n j e c t e d  
by t h e  pumps. 

H I G H  PRESSURE FLASH TANK (STEAM SEPARATOR) 
Fig. 4 HIG 

Cyclone type h i g h  pressure f l a s h  tanks (steam 
separa tor )  a re  i n s t a l l e d  t o  separate steam com- 
p l e t e l y  from the  steam-hot water m ix tu re  and the  
separated h i g h  p u r i t y  steam i s  l e d  t o  t h e  t u r b i n e  
as .pr imary steam. 

The p ropor t i on  o f  
impor tan t  t o  keep 
i t  was determined 
ob ta ined i n  t h e  f 

i PRESSURE FLASH TANK 

cyclone i n  the  vessel i s  very  
h i g h  separa t ion  e f f i c i e n c y ,  and 
based on t h e  design da ta  
e l d  model t e s t .  
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separa tor )  has been a p p l i e d  t o  every ho t  water 
type geothermal power p l a n t  supp l ied  by us and 
showed successful opera t ing  experiences on 
re1 i abi  1 i ty  and performance. 

Th is  type o f  h igh  pressure f l a s h  tank  (steam 

LOW PRESSURE FLASH TANK (FLASHER) 

The h igh  pressure f l a s h  tank (steam separa tor )  
separates steam from steam-hot water mix tu re ,  
w h i l e  t h e  low pressure f l a s h  tank ( f l a s h e r )  
produces steam from hot  water. 
The type o f  f l a s h  tank, e i t h e r  steam separator  o r  
f l a s h e r  s h a l l  be se lected corresponding t o  steam- 
h o t  water r a t i o .  

The i n t e r n a l  view o f  f l a s h e r  i s  shown on 
F igure 5. 
The impor tant  requirement f o r  f l a s h e r  i s  t o  main- 
t a i n  h igher  separat ing e f f i c i e n c y  and small  pres- 
sure loss as w e l l  as the  separator. 

Th is  f l a s h e r  was developed based on t h e  model 
t e s t s  a t  Otake i n  Japan and Cerro P r i e t o  i n  
Mexico, and i t s  separa t ing  e f f i c i e n c y  i s  h i g h  
enough t o  o b t a i n  inore than 99.9% p u r i t y .  

E 

Fig. 5 LOW PRESSURE FLASH TANK 

DEMI STEH 

As steam p u r i t y  i s  a key f a c t o r  t o  ma in ta in  
h igh  r e l i a b i l i t y  o f  the  power p l a n t ,  a corrugated 
p l a t e  type demister i s  p rov ided i n  t h e  separator  
and f l a s h e r  t o  improve t h e  steam p u r i t y  f u r t h e r .  
The i n t e r n a l  view o f  demister  i s  shown on 
F igure 6. 
The c o l l e c t i n g  e f f i c i e n c y  o f  m i s t  i n  t h e  demister  
i s  analysed by f l o w  p a t t e r n  a n a l y s i s  and a p p l i e d  
t o  design. 

STEAhl INLET 

Fig. 6 DEMISTER 

DOUBLE PRESSURE TURBINE 

A steam t u r b i n e  adopted t o  the Heber geo- 
thermal power p l a n t  i s  o f  a f i v e  stage double 
f low,  mixed pressure, condensing t u r b i n e  f i t t e d  
w i t h  25 i n c h  l a s t  blades. 
s e c t i o n  i s  shown on F igure  7. 

The l o n g i t u d i n a l  

Fig. 7 LONGITUDINAL SECTION OF 52,000 kW MIXED PRESSURE TURB 
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The a v a i l a b i l i t y  f a c t o r  up t o  March i n  t h i s  year  
was 95.6%. 

The pr imary steam i s  admi t ted  t o  the  f i r s t  
stage and the  secondary steam i s  admi t ted  t o  the  
t h i r d  stage i n l e t ,  a t  which i t  i s  mixed w i t h  t h e  
pr imary  steam. 
The l o c a t i o n  o f  t h i s  mixed pressure stage was 
se lec ted  t o  match the  secondary steam pressure. 
A t  each t u r b i n e  i n l e t  o f  t he  pr imary and secondary 
steam, swing check t ype  main s top  .valve and 
b u t t e r f l y  type governing va lve  a re  mounted. 

As t h e  above valves f o r  t he  secondary steam 
become very  l a r g e  1 i ke 40 i n c h  nominal d iameter 
due t o  a l a r g e  amount o f  vo lumet r ic  f l ow  a t  low 
steam pressure, shock s t r e s s  occurred i n  t h e  main 
s t o p  valve a t  t u r b i n e  t r i p  was analysed and i t s  
r e s u l t  was r e f 1  ec ted  t o  t h e  design. 

The con t ro l  system o f  t u r b i n e  inc ludes  n o t  
o n l y  speed c o n t r o l  bu t  a l s o  secondary steam pres- 
sure con t ro l  t o  ma in ta in  i t  h igher  than atmos- 
phere. The double cas ing  design was app l i ed  t o  
m i  n im i  ze a capac i t y  o f  overhead maintenance crane 
t o  30 m e t r i c  tons. 
The f i r s t  two stages a r e  impulse type  and the  l a s t  
t h ree  stages are  r e a c t i o n  type. 
25 i n c h  l a s t  blades, which a re  the  longes t  blades 
f o r  our  geothermal t u rb ine ,  were adopted because 
o f  h igher  e f f i c i e n c y  due t o  smal le r  l e a v i n g  l o s s  
a t  l a r g e  exhaust f low ra te .  The exhausted steam 
i s  l e d  t o  the  sur face  condenser i n s t a l l e d  below 
the  tu rb ine .  

OPERATION EXPERIENCE 

Commercial ope ra t i on  o f  t h e  Heber double f l a s h  
geothermal power p l a n t  was s t a r t e d  on August l s t ,  
1985. 6 

I J 

I n  A p r i l ,  1986, t h e  f i r s t  overhaul i n s p e c t i o n  
was c a r r i e d  o u t  and i t  was confirmed t h a t  t h e  
t u r b i n e  c o n d i t i o n  i s  s a t i s f a c t o r y .  
Thus seventeen days l a t e r ,  t he  u n i t  went i n t o  two 
years o f  cont inuous opera t i on  upon r e c o g n i t i o n  o f  
i t s  soundness. 

THE UEOWAWE GEOTHERMAL POWER PLANT 
e 

The second double f l a s h  geothermal power p l a n t  
i n  U.S.A. was completed i n  December, 1985 a t  t h e  
Beowawe, Nevada, which i s  we l l  known as a poten- 
t i a l  ho t  water type geothermal resource. 

Th is  power p l a n t  aimed a t  sho r t  c o n s t r u c t i o n  
t ime and M i t sub ish i  took n o t  o n l y  design and inanu- 
f a c t u r i n g  o f  equipments bu t  a lso  eng ineer ing  o f  
who1 e power p l a n t  t o  m i  n i in i  ze eng ineer ing  t ime. 
Optirni z a t i o n  o f  power p l a n t  design parameters, 
such as main steam pressu-re and condenser vacuum, 
was performed based on the  data o f  p roduc t ion  
w e l l s  and weather cond i t i on  such t h a t  the  p l a n t  
s i t e  i s  e s p e c i a l l y  l oca ted  a t  co ld  d i s t r i c t .  

Design s p e c i f i c a t i o n  o f  the  t u r b i n e  and gener- 
a t o r  i s  shown on Table 1 i n  the  previous page. 

The fea tu re  o f  t h i s  power p l a n t  i s  adopt ion  o f  
equipment module t o  minimize the  e r e c t i o n  per iod .  
A 1 arge capaci t y  module t u r b i n e  c a l l  ed MODULAR-25 
was adopted t o  t h i s  p ro jec t .  The o u t l i n e  o f  t u r -  
b ine  and yenerator i s  shown on F igure  8. 

r? 
\\ x 

I.. . . .i 

7 

Fig. 8 OUTLINE OF MODULAR-25 TURBINE 
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This turbine module consists of two components, REFERENCES 
turbine package and o i l  unit console, and b o t h  of 
components are constructed and assembled on the R.F. Wil le t t ,  J.A. Bickerstaffe and J.E. Flower 
s teel  skid respectively as shown on Figure 9. "Heber double-flash geothermal power plant,  

A f a s t  track project.'' 
EPRI 8th annual geothermal conference and 
workshop, 1984. 

K. 

N.J 

Ai kawa and M. Soda 
"Advanced design in Hatchobaru geothermal 
power s t a t  i on . I' 
Second united nations symposium on the 
development and use of geothermal resources, 
1975. 

. DeHaven 
"Heber geothermal project .'I 

Geothermal resorces counci 1 , 1982. 

Fig. 9 LIFTED OIL UNIT CONSOLE 

Required t e s t  and  adjustment of control and 
lubr ica t ing  oi l  system can be completed in a shop 
and eliminated a t  s i t e .  

The e l ec t r i ca l  and  control equipments were 
asseinbled in a package house and delivered t o  the 
s i t e  a f t e r  f in i sh ing  t e s t .  
Other equipments were also designed as a package 
as much a s  possible. By t h i s  way, t h i s  power 
plant was completed i n  1 4  months a f t e r  being 
placed in order. 

CONCLUSION 

I t  i s  obvious t h a t  double f lash cycle combined 
with two-phase flow transmission system has become 
popular now in case of hot  water type geothermal 
power plant,  as we can see in the Heber and the 
Beowawe. 
I t  i s  no other reason t h a n  i t s  economical higher 
e f f ic iency  and re1 ia bi 1 i ty .  

Thus, i t  i s  very important t o  optimize operat- 
ing condition and type of components for  steam 
gathering system consideriny geothermal brine 
condition, such as temperature and chemical 
composition, in order t o  obtain i t s  higher 
e f f  i ciency and re1 ia bi 1 i ty. 

I n  the near future ,  we will be able to  see 
more double f lash geothermal power plants in the 
world i n  accordance with progress of development 
of h o t  water type geothermal resources. 

3 28 


