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R .  S .  K i m  and E .  A .  Schaefer  

F luo r  Engineers ,  Inc .  
Power Div i s ion  

I r v i n e ,  C a l i f o r n i a  

ABSTRACT 

Hany engineer ing problems have been encountered 
during t h e  d e t a i l e d  design s t a g e s  of  t h e  Heber 
Geothermal Binary P l a n t .  , T h i s  paper h i g h l i g h t s  
some of  t h e s e  des ign  cons ide ra t ions  r e l a t e d  t o  t h e  
brine-hydrocarbon h e a t  exchanger warm-up scheme, 
s i z i n g  of  t h e  t u r b i n e  bypass system, and s e l e c t i o n  
of t h e  b r i n e  r e t u r n  pumps. 

I n  t h e  Heber Power P l a n t ,  warm-up of t h e  b r i n e /  
hydrocarbon hea t  exchangers i s  accomplished by 
g radua l ly  in t roduc ing  a varying blended mixture o f  
ho t  b r i n e  from t h e  product ion we l l s  and cooled,  
recycled b r i n e  through t h e  h e a t  exchangers.  Also 
during t h e  warm-up mode, t h e  hydrocarbon working 
f l u i d  i s  g radua l ly  warmed up through a s e p a r a t e  
warm-up c i r c u l a t i o n  loop. A t u r b i n e  bypass based 
on 20% of  t h e  t u r b i n e  r a t ed  flow i s  a l s o  provided 
t o  c o n t r o l  t u r b i n e  i n l e t  p re s su re  during normal 
ope ra t ion .  

BRIEF PROJECT DESCRIPTION 

The Power Div i s ion  of Fluor  Engineers ,  Inc.  i s  
c u r r e n t l y  involved with t h e  design,  d e t a i l e d  
engineer ing and procurement of t h e  equipment f o r  a 
70 MWe geothermal demonstration power p l a n t  a t  t h e  
Heber KGRA (Known Geothermal Resource Area) 
l oca t ed  i n  t h e  Imperial  Val ley of  Southern 
C a l i f o r n i a .  The p l a n t  i s  scheduled f o r  s t a r t - u p  
J u l y  1, 1984. 

The o b j e c t i v e  of  t h e  Heber Geothermal Demonstra- 
t i o n  Power P l a n t  is  t o  demonstrate t h e  t e c h n i c a l ,  
economic and environmental  f e a s i b i l i t y  of  u s ing  
t h e  b ina ry  conversion process  t o  gene ra t e  e l e c t r i c  
power. The Heber KGRA produces a l i q u i d  dominated 
medium temperature (360OF) b r i n e ,  s i m i l a r  t o  many 
geothermal resources  loca t ed  i n  t h e  U.S. and o t h e r  
p a r t s  of  t h e  world. The u l t i m a t e  e l e c t r i c  power 
p o t e n t i a l  of  t h i s  r e s e r v i o i r  a lone  has been es t i -  
mated a t  400 t o  500 megawatts. Due t o  t h e  esca-  
l a t i n g  c o s t s  of  o t h e r  forms of  energy i n  r ecen t  
yea r s  t h e r e  i s  a g r e a t  d e a l  of  i n t e r e s t  i n  t h i s  
p r o j e c t .  

The Heber Demonstration P l a n t  w i l l  be t h e  f i r s t  
commercial s i z e  f a c i l i t y  t o  use a b ina ry  cyc le ;  
one i n  which t h e  h e a t  energy of  t h e  ho t  geothermal 
b r i n e  w i l l  be  t r a n s f e r r e d  t o  a secondary working 
f l u i d  t h a t  i s  used i n  t h e  balance of t h e  power 
gene ra t ing  cyc le .  The working f l u i d  w i l l  be a 

hydrocarbon mixture  of  90% isobutane and 10% 
isopentane.  This  mixture  has been s e l e c t e d  
f o r  i t s  thermal and phys ica l  performance 
p r o p e r t i e s  which a r e  compatable wi th  t h e  
Heber geothermal b r i n e  temperature cha rac t e r -  
i s t i c s .  

The o v e r a l l  p r o j e c t  view of  t h e  Heber P r o j e c t  
has been r epor t ed  i n  Reference 1. The con- 
cep tua l  des ign  parameters of major equipment 
f o r  t h e  Heber P r o j e c t  has  been r epor t ed  i n  
Reference 2 .  The conceptual  des ign  a s p e c t s  
of t h e  Heber b ina ry  cyc le  has been r epor t ed  
i n  Reference 3. 

A .  BRINE SYSTEM FILL AND WARM-UP 

INTRODUCTION 

A f i l l  and warm-up system i s  provided t o  
l i m i t  thermal  and p r e s s u r e  shock e f f e c t s  i n  
t h e  brine/hydrocarbon h e a t  exchangers du r ing  
p l a n t  s t a r t - u p .  This  r equ i r e s  t h a t  t h e  b r i n e  
and hydrocarbon s i d e s  of  t he  ' exchangers be 
s imultaneously warmed-up t o  develop t h e  
d e s i r e d  temperature p r o f i l e s  i n  t h e .  
exchangers a t  a c o n t r o l l e d  r a t e .  The minimum 
hydrocarbon and b r i n e  flow r a t e s  through t h e  
exchangers du r ing  i n i t i a l  warm-up i s  approx- 
imately 50% of design flow t o  a s s u r e  uniform 
d i s t r i b u t i o n  of  hot  b r i n e  ac ross  t h e  tube  
s h e e t s .  

DESIGN SCHEME 

For economic reasons,  t h e  system i s  designed 
f o r  warm-up of  one h e a t  exchanger t r a i n  a t  
any one t ime.  Equipments f o r  t h e  system con- 
s i s t  of a b r i n e  c o o l e r ,  cold b r i n e  s t o r a g e  
t ank ,  f i l l  pump, r e c i r c u l a t i o n  l i n e s  and 
c o n t r o l  va lves  V-2 and V-3 (see F igu re  1). 
The system p ip ing  conf igu ra t ion  and t r a i n  
i s o l a t i o n  va lves  enable  each t r a i n  t o  ope ra t e  
i n d i v i d u a l l y  wi th  a dedicated p a i r  of  b'rine 
r e t u r n  pumps. Thus one t r a i n  can be placed i n  
a normal ope ra t ing  mode (gene ra t ing  power) 
while  t h e  o t h e r  i s  being f i l l e d  and warmed-up 
v i a  t h e  warm-up/recirculation l i n e .  (See 
F igu re  1 f o r  b r i n e ,  F igu re  2 f o r  hydrocarbon 
r e c i r c u l a t i o n . )  

The i n i t i a l  s t e p  i s  t o  in t roduce  ho t  b r i n e  (360OF) 
from t h e  b r i n e  product ion wells through t h e  p l a n t  
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BRINE FROM 
PRODUCTION 
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and back t o  t h e  r e i n j e c t i o n  wel l s  v i a  t h e  p l a n t  
bypass p r e s s u r e  c o n t r o l  va lve  (V-1, F igure  1) 
while  s imultaneously f i l l i n g  a p o r t i o n  of t h e  
p l a n t  p i p i n g  system exc lus ive  of hea t  exchangers 
and b r i n e  r e t u r n  pumps. 

The second s t e p  i s  t o  prepare  a ba tch  of cold 
b r i n e  (150OF) i n  t h e  s t o r a g e  tank by cool ing  a 
s l i p  s t ream of  hot  b r i n e  (100 GPM) through t h e  
b r i n e  coo le r .  P r i o r  t o  i n i t i a t i n g  b r i n e  f i l l - u p ,  
a hydrocarbon flow r a t e  of 7000 GPM (cold c i r c u l a -  
t i o n )  i s  e s t a b l i s h e d  through t h e  s h e l l  s i d e  of one 
hea t  exchanger t r a i n  v i a  t h e  hydrocarbon system 
warm-up loop.  The s e l e c t e d  h e a t  exchanger t r a i n  
and a s s o c i a t e d  p i p i n g  i s  now f i l l e d  wi th  co ld  
b r i n e  v i a  the  f i l l  pump. 

F i n a l l y ,  one of  t h e  v a r i a b l e  speed b r i n e  r e t u r n  
pumps (depending on which t r a i n  i s  t o  be warmed- 
up) i s  s t a r t e d  i n  manual and i t s  speed i s  grad- 
u a l l y  increased  u n t i l  a cold c i r c u l a t i o n  r a t e  of 
3500 GPM i s  e s t a b l i s h e d .  The set p o i n t  of pres -  
su re  c o n t r o l l e r  (V-3) i s  ad jus ted  t o  a p r e s s u r e  
h igher  than t h e  r e i n j e c t i o n  wel l  r e t u r n  header  a t  
a r e c i r c u l a t i o n  flow r a t e  of 3500 GPM. The h igher  
p r e s s u r e  i s  e s t a b l i s h e d  t o  a l low b r i n e  t o  be b led  
from t h e  r e c i r c u l a t i o n  l i n e  through V-2 dur ing  
warm-up. Hot b r i n e  f o r  warm-up i s  now e s t a b l i s h e d  
by a d j u s t i n g  flow c o n t r o l l e r  V-2, thus  admi t t ing  
hot  make-up b r i n e  i n  and an  equal  amount of  cooled 
r e c i r c u l a t i o n  b r i n e  ou t  v i a  t he  r e i n j e c t i o n  w e l l s  
r e t u r n  header .  

The r a t e  of warm-up (admit tance of ho t  b r i n e )  i s  
l i m i t e d  t o  i n s u r e  t h a t  a hydrocarbon temperature  

BRINE TO 
REINJECTION WELLS 

FIGURE 1 - BRlNEhIYDROCARBON HEAT EXCHANGER 
WARM-UP DIAGRAM 

r i s e  of 50°F p e r  hour i s  not  exceeded and a 
d i f f e r e n t i a l  temperature  of  150'F between t h e  
s h e l l  and tubes  of t h e  l a s t  h e a t  exchanger i s  
not  exceeded (each t r a i n  has  f o u r  (4) 
exchangers connected i n  s e r i e s ) .  

Once the  d e s i r e d  o p e r a t i n g  temperature  and 
p r e s s u r e  (305OF, 575 p s i a )  i s  e s t a b l i s h e d  i n  
the  hydrocarbon o u t l e t  s i d e  of t h e  h e a t  
exchanger t r a i n ,  t h e  t u r b i n e  genera tor  u n i t  
can be warmed-up and synchronized. The 
warm-up c i r c u i t  can be taken o u t  of  s e r v i c e  
a t  t h i s  time. 

With one h e a t  exchanger t r a i n  i n  f u l l  s e r -  
v i c e ,  t h e  remaining t r a i n  i s  f i l l e d  with cold 
b r i n e  by t a k i n g  a s l i p  s t ream of  s p e n t  b r i n e  
from the  running t r a i n .  The second t r a i n  i s  
then warmed-up i n  t h e  same manner a s  d i s -  
cussed above except  t h e  pump's s u c t i o n  header 
block va lve  i s  closed and t h e  t r a i n ' s  dedi-  
ca ted  b r i n e  r e t u r n  pumps must be used. A 
unique f e a t u r e  of t h i s  pump scheme is  the  use 
of v a r i a b l e  speed b r i n e  r e t u r n  pumps thus  
e l i m i n a t i n g  t h e  need f o r  a s e p a r a t e  r e c i r c u -  
l a t i o n  pump f o r  system warm-up. 

B. TURBINE BYPASS DESIGN 

INTRODUCTION 

I n  t h e  Heber power p l a n t ,  a pressure-  
c o n t r o l l e d  t u r b i n e  bypass i s  provided t o  
c o n t r o l  t h e  t u r b i n e  i n l e t  p r e s s u r e  by opening 
the  bypass va lve  al lowing t h e  hydrocarbon work- 
ing  f l u i d  t o  bypass t h e  t u r b i n e .  
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The i n l e t  p re s su re  and temperature of t h e  working 
f l u i d  must be kept w i th in  a c e r t a i n  range t o  p re -  
v e n t  excess ive  formation of moisture  du r ing  expan- 
s ion .  Prolonged ope ra t ion  of t h e  t u r b i n e  i n  t h e  
wet r eg ion  causes tu rb ine  blade e ros ion  which must 
be avoided. 

ANALYSIS OF PRESSURE RISE 

There a r e  two bas i c  phenomena which cause moisture  
formation i n  tu rb ine  ope ra t ion ,  they a r e :  1) 
i n c r e a s e  i n  p re s su re  a t  cons t an t  temperature  and 
2) dec rease  i n  temperature under cons t an t  p re s -  
s u r e .  The tu rb ine  bypass i s  designed t o  keep t h e  
working f l u i d  away from t h e  wet region by l i m i t i n g  
t h e  p r e s s u r e  r i s e .  Temperature decrease i s  con- 
t r o l l e d  by o t h e r  means such a s  inc reas ing  t h e  
b r i n e  flow o r  decreasing t h e  hydrocarbon flow. To 
avoid excess ive  moisture  content  during expansion, 
t h e  maximum al lowable i n l e t  temperature  drop i s  
5OF, while  t h e  maximum al lowable i n l e t  p r e s s u r e  
i n c r e a s e  i s  25 p s i .  

The Heber p l a n t  i s  designed t o  cope with one type  
of  automatic  runback t r a n s i e n t .  This  i s  a 50% 
runback scena r io  r ep resen t ing  a f a i l u r e  of  one o f  
t h e  two cool ing water pumps. The runback t r a n -  
s i e n t  may cause a momentary p re s su re  su rge  a t  t h e  
t u r b i n e  c o n t r o l  valve (V-8 i n  F igu re  2). However, 
t h e  p r e s s u r e  w i l l  d i s s i p a t e  r a t h e r  qu ick ly  s i n c e  
t h e  t u r b i n e  runback s i g n a l  w i l l  a c t i v a t e  t o  modu- 
l a t e  n o t  only t h e  t u r b i n e  c o n t r o l  va lve  (V-8) b u t  
a l s o  t h e  hydrocarbon feed c o n t r o l  va lves  (V-1A and 

1B) t o  i t s  p r e s e t  l i m i t .  Any r e s i d u a l  p re s -  
s u r e  r i s e  du r ing  t h i s  t r a n s i e n t  w i l l  b e  
handled by t h e  t u r b i n e  bypass.  

Turbine t r i p  with t o t a l  l o s s  of cool ing water  
t o  t h e  condensers w i l l  cause maximum p r e s s u r e  
surge.  Each h e a t  exchanger t r a i n  w i l l  b e  
i s o l a t e d  ( au tomat i ca l ly ) ,  bo th  on t h e .  b r i n e  
and hydrocarbon s i d e s .  The t u r b i n e  bypass 
w i l l  remain closed under t h i s  s cena r io .  A 
s tudy  was conducted t o  e s t ima te  t h e  p r e s s u r e  
rise. I t  was r epor t ed  t h a t  t h e  peak p r e s s u r e  
o r  t h e  bot t led-up p res su re  would reach 755 
p s i g .  Th i s  p re s su re  i s  considereably lower 
than  t h e  design p res su re  of t h e  hydrocarbon 
system which i s  850 p s i g .  The design p res -  
s u r e  of  850 p s i g  was set t o  meet t h e  combined 
s h u t  o f f  p re s su re  of t h e  hydrocarbon conden- 
s a t e  pump and boos te r  pump s e r i e s .  Therefore  
t h e  p l a n t  i s  capable  of being bo t t l ed -up  
s a f e l y  and no bypass flow w i l l  occur du r ing  
t h i s  time. 

BYPASS SIZING CONSIDERATION 

I t  i s  d e s i r a b l e  t h a t  t h e  t u r b i n e  bypass 
should be a b l e  t o  handle t h e  t u r b i n e  syn- 
ch ron iz ing  flow. Before t h e  hydrocarbon is 
int roduced i n t o  t h e  t u r b i n e , .  t h e  bypass r o u t e  
is  expected t o  be warmed up and maintained a t  
t u r b i n e  q u a l i t y ,  t h a t  i s ,  560 p s i g  a t  305OF 
wi th  a flow r a t e  a t  l e a s t  equ iva len t  t o  t h e  
synchronizing flow. This  w i l l  f a c i l i t a t e  a 

TURBINE STOP VALVE 

TURBINE GENERATOR 

BRINE IN 

BRINE OUT 

P.8 

ARBON CONDENSATE PUMPS 

HYDROCARBON BOOSTER PUMPS 

FIGURE 2 - TURBINE BYPASS SCHEME 
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smooth r o l l i n g  and l i n i n g  o u t  t h e  t u r b i n e  load.  
The t u r b i n e  r e q u r i e s  1 . 3  x lo6 LB/Hr of hydro- 
carbon f o r  synchroniza t ion  which i s  approximately 
15% of t h e  t o t a l  flow. 

Therefore  t h e  t u r b i n e  bypass capac i ty  f o r  t he  
Heber p l a n t  i s  s i z e d  t o  handle t h e  synchronizing 
flow (15% of t h e  t u r b i n e  ra ted  flow) p lus  5% 
margin. 

C .  BRINE RETURN PUMPS 

INTRODUCTION 

Brine r e t u r n  pumps a r e  l o c a t e d  wi th in  t h e  confines  
of  t h e  power p l a n t  and a r e  requi red  t o  pump t h e  
spent  b r i n e  a d i s t a n c e  of  approximately 2 . 5  miles  
t o  t h e  r e i n j e c t i o n  i s l a n d .  Determining the  type 
of d r i v e  system, optimum s i z e  and number of b r i n e  
r e t u r n  pumps was a h i g h l y  important  cons idera t ion  
with regard t o  o v e r a l l  p l a n t  thermal e f f i c i e n c y .  
J u s t  a s  important  i s  t h e  a b i l i t y  f o r  t he  p l a n t  t o  
provide energy a t  t h e  lowest  t o t a l  c o s t  f o r  both 
opera t ing  and f i x e d  charges.  The b a s i c  f a c t o r s  t o  
be considered i n  s a t i s f y i n g s  t h e s e  condi t ions  a r e  
maximum c a p a c i t y  (demand), c a p a c i t y  f a c t o r ,  and 
investment. 

DESIGN CONSIDERATION 

Development of t h e  b r i n e  system head curve con- 
s i s t e d  of  examining an  a r r a y  of condi t ions  t o  be 
s a t i s f i e d :  1) v a r i a t i o n s  i n  s u c t i o n  pressue due 
t o  c h a r a c t e r i s t i c s  of  t h e  product ion i s l a n d  supply 
pumps, 2 )  v a r i a t i o n s  i n  discharge p r e s s u r e  due t o  
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f o u l i n g  of wel l s  i n  t h e  r e i n j e c t i o n  i s l a n d ,  
3) v a r i a t i o n s  i n  b r i n e  flow over  t h e  p r o j e c t  
l i f e  due t o  decay of b r i n e  supply temperature  
(360 t o  338OF) and 4) cons idera t ions  t o  pre-  
c lude  f l a s h i n g  and gas breakout .  

Various types  of d r i v e  systems and u n i t  s i z e s  
(2  a t  50%, 3 a t  33%, 4 a t  25%) f o r  t h e  b r i n e  
r e t u r n  pumps were considered and s t u d i e d  t o  
determine t h e  most favorable  s e l e c t i o n  f o r  
t h e  system over a 30 year  l i f e .  The d r ive  
systems i n v e s t i g a t e d  included: 1) cons tan t  
speed u t i l i z i n g  c o n t r o l  va lves ,  2)  v a r i a b l e  
speed f l u i d  d r i v e  and 3)  v a r i a b l e  frequency 
speed d r ive .  Var iab le  speed magnetic coupl- 
ings  were n o t  considered because of t h e  lack  
of o p e r a t i n g  experience a t  t h e  requi red  
horsepower and speed (2500 HP, 3600 RPM). 

A simple graph p l o t t i n g  p l a n t  c a p a c i t y  
a g a i n s t  owning and opera t ing  c o s t  (F igure  3) 
was cons t ruc ted  t o  g r a p h i c a l l y  p r e s e n t  an 
economic comparison f o r  t he  v a r i o u s  types  of 
systems.  C a p i t a l  c o s t  e s t i m a t e s  f o r  each 
case  were based on manufac turer ' s  i n p u t  and 
included a u x i l i a r i e s  such a s  c o n t r o l  va lves  
( fo r  cons tan t  speed pumps) and cool ing  sys- 
tems ( f o r  v a r i a b l e  speed d r i v e s ) .  Energy 
c o s t s  were c a l c u l a t e d  f o r  p l a n t  c a p a c i t i e s  
from 80 t o  100% us ing  e f f i c i e n c i e s  provided 
by a t y p i c a l  pump manufacturer. 

Having a graphica l  p r e s e n t a t i o n  and knowing 
t h e  p l a n t  c a p a c i t y  f a c t o r ,  t h e  favorable  
candida te  can e a s i l y  be determined. With a 
p l a n t  c a p a c i t y  f a c t o r  of 95% a s  is  t h e  case 
f o r  t h e  Heber Binary P lan t ,  t h e  b e s t  s e l ec -  
t i o n ,  and depic ted  i n  Figure 3 was f o u r  (4) 
25% v a r i a b l e  speed f l u i d  d r i v e  u n i t s .  Four 
(4) u n i t s  a l s o  i n c r e a s e  opera t ing  f l e x i b i l i t y  
wi th  r e s p e c t  t o  dedica t ion  of  pumps f o r  
warm-up and s p l i t  flow through t h e  hea t  
exchanger t r a i n s .  

D. HYDROCARBON SYSTEM FILLING AND WARM-UP 

INTRODUCTION 

This  s e c t i o n  d e s c r i b e s  the  procedures  and 
p r o v i s i o n s  provided f o r  t h e  f i l l i n g  and 
warm-up o p e r a t i o n s  of t h e  hydrocarbon working 
f l u i d  ( see  Figure 2 f o r  re ference) .  

SYSTEM FILLING 

The Heber p l a n t  i s  provided wi th  a s t o r a g e  
tank  capable  of  s t o r i n g  t h e  e n t i r e  hydro- 
carbon requi red  f o r  f u l l  load o p e r a t i o n .  The 
l i q u i d  hydrocarbon working f l u i d  is pumped 
from the  s t o r a g e  tank  i n t o  t h e  condenser 
r e s e r v o i r  and t h e  s e l e c t e d  brine-hydrocarbon 
h e a t  exchanger t r a i n .  As mentioned e a r l i e r ,  
t h e  Heber p l a n t  i s  designed t o  warm-up one 
h e a t  exchanger t r a i n  a t  a time. 
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The condensers must be i n  s e r v i c e  ( i . e .  cool ing  
water c i r c u l a t i o n  i s  e s t a b l i s h e d )  dur ing  t h e  time 
when t h e  r e s e r v o i r s  a r e  be ing  f i l l e d  t o  prevent  
unnecessary p re s su re  rise i n  t h e  condensers.  
Since the  t u r b i n e  exhaus t  l i n e s  a r e  huge (60" 
diameter) no block va lves  a r e  provided between t h e  
t u r b i n e  and t h e  condenser due t o  economic reason. 
Therefore,  t h e  hydrocarbon vapor may f i l l  t h e  
tu rb ine  and t h e  hydrocarbon knockout drum and 
a s soc ia t ed  p ip ing  dur ing  t h i s  time. A l e v e l  va lve  
(V-9) i s  provided t o  d r a i n  t h e  condensate formed 
dur ing  the  f i l l i n g  ope ra t ion .  

SYSTEM WARM-UP 

The layout  of t h e  equipment i s  such t h a t  t h e  
hydrocarbon l i q u i d  l e v e l  i n  t h e  h e a t  exchanger 
w i l l  be equal ized  wi th  t h a t  of t h e  r e s e r v o i r .  The 
Heber p l a n t  i s  designed t o  c i r c u l a t e  t h e  working 
f l u i d  v i a  a s e p a r a t e  warm-up l i n e  (from V-10 A/B 
t o  t h e  s e a l  loop v i a  V-5 on F ig .  2 ) .  

A set  of condensate boos t e r  pumps w i l l  be used t o  
prime the  s e l e c t e d  h e a t  exchanger t r a i n  by c i r cu -  
l a t i n g  l i q u i d  hydrocarbon from t h e  r e s e r v o i r ,  
through the  pumps, V-1A ( o r  B), t h e  h e a t  exchanger 
t r a i n  A ( o r  B), V-1OA (or  B ) ,  and through V-5. 
The flow c o n t r o l  va lve  (V-1A o r  B) a t  t h e  hea t  
exchanger i n l e t  i s  designed t o  con t ro l  hydrocarbon 
flow i n  r e l a t i o n  t o  t h e  b r i n e  flow dur ing  normal 
opera t ion .  The flow c o n t r o l  va lve  w i l l  be used t o  
set  t h e  warm-up f low r a t e  of 7,000 gpm dur ing  t h e  
hea t  exchanger warm-up ope ra t ion .  When t h e  o t h e r  
t r a i n  is opera t ing  and gene ra t ing  power, t h e  ind i -  
v idua l  flow c o n t r o l  va lve  enables running one 
t r a i n  i n  normal ope ra t ion  while t h e  o t h e r  t r a i n  i s  
coming up on stream. 

As t h e  warm-up hydrocarbon flow i s  e s t a b l i s h e d  
through the  s e l e c t e d  h e a t  exchanger t r a i n  v i a  V-5, 
b r i n e  flow is  i n i t i a t e d  through t h e  tube  s i d e  
of t h e  hea t  exchanger t r a i n .  The temperature of 

t h e  hydrocarbon e f f l u e n t  from t h e  h e a t  
exchanger w i l l  rise a s  the  warm-up ope ra t ion  
proceeds.  The warm-up hydrocarbon bypass 
va lve  (V-5) i s  a p re s su re  c o n t r o l  va lve  
designed t o  meet both  l i q i u d  and vapor 
s e r v i c e .  For economic reasons ,  t h e  va lve  i s  
s i zed  t o  handle t h e  warm-up flow of one t r a i n  
(7,000 gpm) only.  

A s e a l  l oop  i s  provided on each of t h e  con- 
denser r e s e r v o i r  t r a i n s  t o  r ece ive  t h e  warm- 
up flow e x i t i n g  from t h e  hea t  exchanger. The 
warm-up stream changes from a cold l i q u i d  t o  
a ho t  vapor a s  t h e  warm-up ope ra t ion  pro- 
g re s ses .  The s e a l  loop i s  designed t o  handle 
any phase of t he  hydrocarbon down stream of 
t h e  warm-up bypass va lve  (V-5). 
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