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SDGEE PIONEERING GEOTHERMAL TEST WORK 
I N  THE IMPERIAL VALLEY OF SOUTHERN CALIFORNIA 

G. L. Lombard and J. M. Nugent 
San Diego Gas E E l e c t r i c  Company 

San Diego, CA. 

The San Diego Gas E E l e c t r i c  Company (SDGEE) i s  a c t i v e l y  engaged i n  
t e s t i n g  t o  develop methods t o  u t i l i z e  geothermal resources a t  Ni land and 
Heber i n  C a l i f o r n i a ' s  imper ia l  Va l ley .  

This  paper descr ibes San Diego's  t e s t  program a t  the Ni land area 
which i s  charac ter ized  by h igh  temperature b r i nes  o f  h igh  s a l i n i t y .  

San Diego's  f i r s t  t e s t i n g  began i n  A p r i l  1972. One product ion w e l l  
was f lowed a t  the  N i land  s i t e  f o r  about ten  days. 
pumping. Br ine  temperature and pressure a t  t he  product ion wellhead averaged 
375°F and 150 ps ig .  The geothermal b r ines  which were produced were i n j e c t e d  
back i n t o  the r e s e r v o i r  through a 2,400 f t .  deep we l l  located about 4 m i l e  
away. 

The w e l l  f lowed w i thou t  

The produc t ion  o f  the  we l l  was, on the  average, 400,000 l b s / h r .  t o t a l  
mass f low.  
(16%), and 12,000 lbs /h r  o f  noncondensable gases (3%). The we1 lhead tempera- 
t u r e  and pressure remained s t a b l e  a t  375°F and 1.50 ps ig .  The t o t a l  d isso lved 
s o l i d s  averaged 225,000 p a r t s  per m i l l i o n  and the  ind ica ted  bottomhole tem- 
pera ture  was 510°F a t  a depth of 2,250 fee t .  

This  was 324,000 lbs /h r  o f  l i q u i d  (81%), 64,000 lbs /h r  of steam 

Based on these t e s t s ,  San Diego proceeded w i t h  a p re l im ina ry  design 
o f  a Geothermal Test F a c i l i t y .  
because of the  r e l a t i v e l y  h igh  volume o f  noncondensable gases. 

A d i r e c t  steam t u r b i n e  c y c l e  was re jec ted  

F i e l d  t e s t s  were c a r e f u l l y  designed t o  s imu la te  the  phase separat ion 
and heat t r a n s f e r  cond i t i ons  which would e x i s t  i n  the f u l l - s c a l e  Geothermal 
Test F a c i l i t y .  The separator  and heat exchangers used i n  these f i e l d  t e s t s  
were 1/20th sca le  vers ions o f  the proposed t e s t  f a c i l  i t y  equipment. 

I n  the  1973 f i e l d  t e s t  program, p roduc t ion  o f  geothermal f l u i d s  from 
the  we l l  was he ld  t o  a t e s t  f l o w  of 20,000 l bs /h r .  Br ine,  steam and non- 
condensable gases e x i t e d  a t  the  top o f  the separator and passed through the  
s h e l l  s i de  o f  the steam heat exchanger. Br ine,  leav ing  the  bottom of the 
separator,  f lowed through the  tube s ide  o f  the  b r i n e  heat exchanger. The 
temperature o f  bo th  the  steam and the  b r i n e  was 375°F. 
used f o r  the heat exchange f l u i d .  The d isso lved  s o l i d s  i n  t he  geothermal 
b r i n e  f l ow ing  through the  b r i n e  heat exchanger ranged from 200,000 t o  
245,000 p a r t s  per m i l l  ion. 
t he  t e s t  separator  were 40,000 t o  80,000 p a r t s  per m i l  1 ion. 
heat exchanger and b r i n e  heat exchanger heat t r a n s f e r  
t o  unacceptable l i m i t s  i n  about 100 hours o f  opera t ion .  

D i s t i l l e d  water was 

Dissolved s o l i d s  i n  the  steam a t  the  e x i t  o f  
Both the steam 

performance dec l ined  
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i nspec t ion  o f  the b r i n e  heat exchanger tubes and header showed a 
scale bu i l dup  which averaged 0.060 inch t h i c k .  
tube end were considerably  t h i c k e r .  The major cons t i t uen ts  were s i l i c a  
(Si02 38%),  i r o n  s u l f i d e  (FeS3 23%), and lead s u l f i d e  (PbS 11%). A l aye r  
of sca le  approximately .045 inch  t h i c k  i n  the  steam heat exchangers was 
a t t r i b u t e d  t o  the  h igh  carryover  which was due t o  an undersized separator 
design and a 

Amorphous deposi ts  near t he  

l a c k  o f  a scrubber downstream o f  the separator.  

Sca l ing  w i t h i n  p i p e l i n e s  which handled b r i n e  was another t r o u b l e  
area. A sca le  bu i l dup  one inch t h i c k  was observed i n  a p ipe  spool removed 
a f t e r  s i x  months o f  cont inuous b r i n e  handl ing serv ice .  
t o  a i r  i n  the  i n j e c t i o n  pump sump p r i o r  t o  pumping back i n t o  the r e s e r v o i r .  
The b r i n e  process p ipe  was above ground and was no t  i nsu la ted  t o  reduce 
heat loss. 

The b r i n e  was exposed 

Ne i ther  the  m i l d  carbon s t e e l  process p i p i n g  nor  the  t i t a n i u m  heat 
exchanger tub ing  showed s igns o f  co r ros ion  dur ing  o r  a f t e r  these tes t s .  
These f i nd ings  were determined by meta lographic  inspec t ion  of t he  conta in-  
ment m a t e r i a l s  and chemical ana l ys i s  o f  the  scale. 

We tes ted  two methods o f  c lean ing  sca le  from heat exchanger tubes. 
Caust ic  s o l u t i o n  c lean ing  proved t o  be more e f f e c t i v e  and f a s t e r  than the 
h y d r o j e t t i n g  method. 

i n  March 1974, San Diego resumed f i e l d  t e s t  work a t  the N i land  
geothermal f i e l d  us ing  sca le  models o f  a new design. The f l o w  diagram f o r  
the t e s t  hardware is shown i n  F ig .  1 .  The f l o w  o f  geothermal f l u i d  from the 
producing w e l l  was c o n t r o l l e d  a t  a r a t e  ranging from 50,000 t o  100,000 l bs /h r  
a t  var ious  t imes du r i ng  the  t e s t  program t o  map the  separator performance. 
The geothermal f l u i d s  from the  producing w e l l  entered the  f i r s t  stage separa- 
t o r  a t  150 p s i g  and 370°F f o r  t h i s  f l o w  range. Approximately 5,000 t o  
12,000 Ibs /hr  of steam f lowed ou t  o f  the  f i r s t  stage separator t o  a scrubber 
where i t  was cleaned and then d i r e c t e d  through the s h e l l  of the  steam heat 
exchanger. 
separator  t o  the  second stage separator which was operated a t  50 ps ig .  An 
average o f  2,300 t o  6,000 l bs /h r  o f  steam f lowed from the  top  of t he  second 
stage separator  t o  the second scrubber where i t  was cleaned and then f lowed 
through the tubes o f  the  second stage heat exchanger. 

The remaining b r i n e  f lowed from the  bottom of the  f i r s t  stage 

F ig .  2 i s  a cutaway view o f  one o f  t he  separators showing the  simple 
i n t e r i o r  o f  t he  vessel .  Both the  f i r s t  stage and second stage separators 
used i n  t h i s  t e s t  had the same c o n f i g u r a t i o n .  Well f l u i d  en ters  t he  separa- 
t o r  a t  the  p o r t  loca ted  i n  the  bottom and impinges on the vessel end dome 
where a wearp late prov ides f o r  p r o t e c t i o n  o f  the  vessel w a l l .  
the vessel through the  upper p o r t .  
vessel and f lows t o  the  second stage separator .  

Steam leaves 
Br ine  c o l l e c t s  a t  the  bottom o f  the  

The t e s t  determined t h a t  a maximum l i q u i d  l e v e l  o f  one qua r te r  t o  
one t h i r d  o f  the  separator  diameter produced the  most e f f e c t i v e  separat ion. 
The parameters found t o  be associated w i t h  t h i s  l i q u i d  l e v e l  range are  an 
i n l e t  mass v e l o c i t y  no t  exceeding 50 f e e t  per second, a steam v e l o c i t y  of 
no more than 5 f e e t  per second and a separator  l eng th  equal t o  approximately 
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four  vessel diameters. Test  r e s u l t s  i nd i ca ted  approximately 100 t o  200 p a r t s  
per m i l l i o n  o f  d isso lved  s o l i d s  remained i n  the  steam leaving both the  f i r s t  
stage and second stage separators.  

F ig .  3 shows the i n t e r n a l s  o f  the  steam scrubbers used fo r  the 1974 
t e s t  program. Steam from the  separator en ters  the scrubber through the 
lower p o r t .  I t  f lows up through f i v e  t r a y s  which ho ld  pure water obta ined 
from the  steam condensate a t  a p o i n t  downstream from the  heat exchangers. 
The water con tac t ing  the  steam scrubs the s o l i d s  en t ra ined i n  the steam. 
Clean steam e x i t s  a t  t he  top,  and the  washwater, which i s  cont inuously  added 
t o  the scrubber a t  a r a t e  of 0.2 ga l l ons  per hour, en ters  a t  the top o f  the  
vessel.  I t  cascades from t r a y  t o  t r a y  t o  t he  d r a i n  a t  the bottom and a f t e r  
leav ing  the  scrubber i s  recombined w i t h  the b r i n e  stream and r e i n j e c t e d  i n t o  
the  r e s e r v o i r .  

During the 1974 t e s t s ,  the s o l i d s  i n  the steam leav ing  the  scrubbers 
were reduced t o  the  l e v e l  o f  10 t o  20 ppm, which i s  acceptable f o r  steam 
heat exchanger opera t ion .  

The graphs i n  F i g .  4 show the  r e s u l t s  o f  the  1974 heat exchanger 
The l i n e s  p l o t  o v e r a l l  heat t r a n s f e r  c o e f f i c i e n t  f o r  the  f i r s t  stage t e s t s .  

and second stage heat exchangers as a f u n c t i o n  o f  t ime o f  opera t ion .  
1974 t e s t s  accumulated t o t a l  opera t ing  t ime f o r  the f i r s t  stage heat 
exchangers o f  398 hours. Whi le the f i r s t  stage heat exchanger was under 
t e s t ,  an upset o f  opera t ion  i n  the  scrubber occurred which resu l t ed  i n  a 
h igh  carryover  o f  d isso lved  s o l i d s  from the scrubber i n t o  the  f i r s t  stage 
heat exchanger. This  carryover  was i n  excess o f  3,000 ppm f o r  a pe r i od  of 
approximately 37 hours dur ing  the i n i t i a l  t e s t  opera t ion .  An e x t r a p o l a t i o n  
o f  the data i nd i ca tes  tha t ,  i nc lud ing  the  upset,  t he  f i r s t  stage heat 
exchangers would operate f o r  about 3,200 hours be fore  reaching design con- 
d i t i o n s  r e q u i r i n g  cleanup. Without the upset i t  i s  est imated t h i s  heat 
exchanger could operate up t o  a year be fore  r e q u i r i n g  c leaning.  

The 

A comparable ana l ys i s  o f  t he  second stage steam heat exchangers 
i nd i ca tes  t h a t  they w i l l  operate f o r  10,000 hours be fore  reaching design 
heat exchange cond i t i ons .  
heat exchangers was 587 hours. 

To ta l  ac tua l  ope ra t i ng  t ime f o r  t h e  second stage 

The 1974 f i e l d  t e s t s  a t  the Ni land geothermal f i e l d  demonstrated 

It a l s o  gave a good i n d i c a t i o n  t h a t  a 
t h a t  t he  technology cou ld  be developed t o  handle the  N i land b r i nes  fo r  pur-  
poses o f  e f f e c t i v e  heat exchange. 
successful  r e i n j e c t i o n  program can be accomplished a t  the  Ni land geothermal 
rese rvo i r .  A t  the  s t a r t  o f  t he  1974 tes t s ,  the i n j e c t e d  geothermal b r i n e  
f low averaged 90,000 lbs /h r .  a t  an average temperature o f  165°F. I n i t i a l l y  
the  i n j e c t i o n  pump d ischarge pressure requ i red  was nea r l y  400 ps ig ,  but 
a f t e r  16 hours o f  cont inuous pumping, the  i n j e c t i o n  pressure dropped and 
b r i n e  f lowed i n t o  the  i n j e c t i o n  w e l l  by g r a v i t y .  During the  6-month t e s t  
program, i n j e c t i o n  by g r a v i t y  f l o w  could be maintained an average of s i x  
days be fore  i n j e c t i o n  pressure g radua l l y  rose r e q u i r i n g  another sho r t  pe r i od  
o f  pumping. The f l o w  was va r i ed  between 60,000 and 120,000 l bs /h r .  Tempera- 
t u r e  was maintained i n  a range between 150°F and 180°F by adding 10% i r r i g a -  
t i o n  water t o  cool the  ho t  spent b r i n e  t o  prevent c a v i t a t i o n  i n  the i n j e c t i o n  
Pump 
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SDGGE d i r e c t e d  the Ben H o l t  Company o f  Pasadena t o  proceed w i t h  
engineer ing f o r  a Geothermal Test F a c i l i t y  u t i l i z i n g  the  mu l t i - s tage  steam 
f l a s h  process w i t h  steam scrubbing and steam heat exchanger. 
i s  the thermal loop p o r t i o n  o f  a 10 Mw b i n a r y  e l e c t r i c  generat ion p lan t .  
The isobutane t u r b i n e  and associated generator s e t  a r e  s imulated by an 
expansion va l ve  i n  the  isobutane loop. F ig.  5 i s  a f l o w  diagram o f  the  
f a c i l i t y .  This  process does n o t  make use of the  b r i n e  i n  heat exchangers, 
bu t  instead f l ashes  the  b r i n e  t o  steam i n  f o u r  stages t o  e x t r a c t  maximum 
heat. 
the  remaining b r i n e  and the  f l u i d s  r e i n j e c t e d  t o  t h e  r e s e r v o i r  through two 
we1 1 s .  

This f a c i l i t y  

The condensate from the  steam heat exchangers w i l l  be recombined w i t h  

I n  1975 the U.S. Energy Research and Development Admin i s t ra t i on  
(ERDA) entered i n t o  a j o i n t  p r o j e c t  agreement w i t h  San Diego Gas E E l e c t r i c  
Co. fo r  cons t ruc t i on  and opera t ion  o f  t he  10 MWe s ized geothermal loop 
experimental  f a c i l i t y  a t  N i land  i n  the Imper ia l  Va l ley .  Under t he  agreement, 
cos ts  w i l l  be shared 50-50 by SDGEE and ERDA. 
i t y  and experimental  programs i s  approximately $8 m i l l i o n .  

Est imated cos t  f o r  t he  f a c i l -  

SDGEE and ERDA p lan  f o r  the  complet ion o f  t h i s  f a c i l i t y  i n  A p r i l  
1976. Using two produc t ion  and two i n j e c t i o n  we l l s ,  the  opera t ion  of the 
Geothermal Test F a c i l i t y  should o b t a i n  essen t i a l  data t o  con f i rm the  design 
of the b ina ry  power c y c l e  and t o  p rov ide  a f i r s t  s tep  i n  the de termina t ion  
of the  N i land geothermal r e s e r v o i r  c h a r a c t e r i s t i c s .  SDGEE, ERDA, and o thers  
w i l l  cont inue t o  develop and t e s t  equipment as w e l l  as t o  e s t a b l i s h  requ i red  
r e s e r v o i r  opera t ing  parameters and procedures. The goal o f  t h i s  program i s  
t o  achieve the conversion o f  geothermal energy i n  the  Imper ia l  Va l ley  t o  
commercial e l e c t r i c  energy. 
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