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OPERATIONAL EXPERIENCE AT THE 
SAN DIEGO GAS & ELECTRIC ERDA NILAND 

GEOTHERMAL LOOP EXPERIMENTAL FACILITY 

G i l b e r t  L. Lombard 

San Diego Gas & E l e c t r i c  Company 

Nearly one year o f  operational experience a t  the San Diego Gas 4 Electric/ERDA 
Geothermal Loop Experimental F a c i l i t y  (GLEF) has been general ly very successful 
The thermal energy o f  the high-sal i n i  ty, high-temperature resource has been 
successful ly extracted. S imp l i f ied  contro l  and handling o f  the b r ine  and flashed 
steam/condensate has a1 lowed scale t o  be removed, p l a n t  operators t o  an t ic ipa te  
problems, and maintenance costs t o  be l im i ted .  P lan t  modi f icat ions have included 
replacement o f  on-of f  con t ro ls  w i th  proport ional elements, rev i s ion  o f  pump bear- 
i ngs , and rep l  acement o r  modi f i c a t i  ons t o  Val ves. 

Remaining tasks t o  be accomplished are (1) def in ing operating and'maintenance 
costs, ( 2 )  gathering long-term operational and engineering data, and (3 )  improving 
p l  an t  re1 i abi 1 i ty . 
San Diego Gas & E l e c t r i c  (SDG&E) has been operating the Geothermal Loop Experimen- 
t a l  F a c i l i t y  since May 1976. The f a c i l i t y  u t i l i z e s  the high-temperature, high- 
sal i n i  t y  (HT/HS) b r ine  resource o f  the Sal ton Sea ( o r  N i  land) Geothermal Anomaly. 
The purpose o f  the f a c i l i t y  i s  t o  invest igate the technical and economic feas ib i l -  
i t y  o f  generating e l e c t r i c  power from t h i s  type o f  resource. The f a c i l i t y  i s  
sized t o  generate approximately 10 MU o f  e l e c t r i c  power using a f lash lb inary  
cycle, except t h a t  the tu rb ine  and generator are no t  present. A f low diagram i s  
shown i n  Figure 1. The operating experience t o  date o f  the three major systems 
(br ine,  steamhondensate, and binary) w i l l  be reviewed here. 

BRINE SYSTEM 

The primary design and functional i n t e n t  o f  the b r ine  system i s  t o  s imp l i f y  b r ine  
handling. A major underlying reason f o r  t h i s  approach i s  the la rge  quant i ty  o f  
scale t h a t  i s  generated, tending t o  b ind  valves and other movfng components, 
obst ruct  f low passages, and block contro l  and data transducers. Other reasons f o r  
t h i s  approach are t o  l i m i t  the va r ie t y  o f  components exposed t o  the b r ine  and 
minimize maintenance costs. The large, eas i l y  accessible, g rav i t y  separator 
vessel s operate very we1 1 and a1 so simp1 i f y  scale removal The o r ig ina l  cont ro l  
system (essen t ia l l y  l i m i t e d  t o  on-off l eve l  con t ro ls  on each separator vessel) was 
rep l  aced w i t h  proport ional elements. Some valves were rep l  aced w i  t h  types chosen 
t o  minimize f low r e s t r i c t i o n s  and seal ing interfaces. 

Operating experience has ind icated t h a t  t h i s  approach i s  successful i n  reducing 
b r ine  handling problems. The b r ine  system must be pe r iod i ca l l y  cleaned o f  scale. 
Continuous operating time appears t o  be l i m i t e d  by scale accumulation a t  the 
re in jec t i on  pump. Scaling o f  guide, seal, and bearing surfaces i s  s t i l l  a problem 
i n  the operation o f  valves and pump, bu t  s i g n i f i c a n t  improvements have been made. 
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Figure 1. Geothermal Loop Experimental F a c i l i t y  



Areas t h a t  remain t o  be invest igated a f t e r  gathering o f  engineering design data 
are the economics o f  scale contro l  and removal, improved r e l i a b i l i t y  o f  compo- 
nents, and long-term e f f e c t s  on reservo i r  and plant. 

STEAM AND STEAM CONDENSATE SYS 

The design and funct ional  i n t e n t  o f  the steam and steam condensate system was also 
t o  simp1 i f y  operation and minimize scal ing d i f f i c u l t i e s .  Operating experience has 
general ly been very favorable. 

The contro l  system i s  essent ia l ly  l i m i t e d  t o  ho t  wel l  l i q u i d  l eve l  cont ro ls  plus a 
pressure contro l  on the f i r s t  stage. 
stages " f loat ."  This type o f  operation has the advantage o f  an t i c ipa t i ng  problems 
by small changes i n  pressure and temperature. One disadvantage i s  t h a t  p lan t  
upsets and/or t rans ients  are eas i l y  t ransmit ted throughout the plant.  

Scal ing o f  the steam and steam condensate system has been minimal. Separator and 
scrubber operations have general ly kept t o t a l  dissolved so l i ds  t o  l ess  than 
20 ppm. 

BINARY SYSTEM 

D i s t i l l e d  water has been used i n  the binary system as the working f l u i d  t o  date. 
Water i s  being used t o  determine basel ine system character is t ics .  r a t i n g  ex- 
p e r i  ence has been good. 

The f a c i l i t y  was designed t o  use isobutane as the working f l u i d .  The use o f  water 
as the working f l u i d  i n  the binary system has required several p l a n t  modif ica- 
t ions.  Booster pump impel ler  and case were replaced w i th  components su i tab le f o r  
water, and the main pump was taken ou t  o f  service, since i t  was n o t  required f o r  
water. A bypass o f  one o f  the f i r s t  stage heat exchangers was accomplished i n  
order t o  reduce the heat t ransfer  surface area, since the excess area f o r  water i n  
binary system was generating unrepresentative data and performance. Returning 
these modif icat ions t o  isobutane condit ions, i n  addi t ion t o  operational 
d i f ferences i n  pressures (accumulator operates under vacuum w i t h  water) and 
temperatures, w i l l  have uncertain e f f e c t s  on system performance. 

Physical properties o f  isobutane are not as well defined as are those o f  water. 
The operat ion w i t h  water w i l l  attempt t o  def ine system character is t ics  w i t h  water, 
p a r t i c u l a r l y  heat exchanger c o e f f i c i e n t s  f o r  a known base1 ine. Later operation 
w i t h  i sobutane w i l l  then be compared where appl icabl  e. 

Pressure and temperatures o f  the other 

Heat exchanger surfaces have no t  required cleaning t o  date. 

Thi s comparison should 
ove the a b i l i t y  t 

r t o  s t a r t i n g  ope 

r e d i c t  f u tu re  i sobutane system performance. 

i o n  w i t h  isobutane, a safety analysis o f  the 
conducted. 

FACILITY OPERATION 

The f a c i l i t y  has accumulated over 3500 hours operation as of Ju l y  1, 1977, 
using the t o t a l  f low from one geothermal w e l l  (50.4 kg/s C400,OOO l b / h r l ) .  
A v a i l a b i l i t y  has. gradual 1y improved from 40% t o  85%. These values do exclude 
scheduled periods f o r  inspect ion o f  t h i s  experimental p lant.  Major problems have 
been w i t h  i n j e c t i o n  pump seals, scale deposition, and i n j e c t i o n  wel l  plugging. 
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BRINE CHEMISTRY 

The geothermal f l u i d  avai lab le from t h i s  reservo i r  i s  a hypersaline br ine  contain- 
i n g  approximately 200,000 ppm t o t a l  dissolved so l ids  (TDS), mostly i n  ch lo r ide  
form (see fo l lowing table). These ch lor ides remain i n  so lu t ion  during the heat 
ex t rac t ion  process and are subsequently i n jec ted  back i n t o  the reservoir.  Certain 
minor species, however, such as s i l i c a ,  lead, and i ron,  have l i m i t e d  s o l u b i l i t y  
and, as the br ine  i s  cooled during the heat ex t rac t ion  process, they p rec ip i t a te  
from so lu t ion  and deposit on pipe and vessel surfaces. 

E l  emen t 

Sodi um 
Potassium 
Cal c i um 
Chlorides 
I r o n  
Manganese 
Zinc 
S i  1 icon 
Bar i  um 
Lead 
Strontium 
L i  t h i  urn 
Magnesi um 
Copper 
hmmoni a 
Total Sol ids 
PH 
Ox i dat i  on Reduction 
Po t e n t i  a1 

Gas Analysis 

Table 1 
GEOTHERMAL FLUID COMPOSITION 

NILAND RESERVOIR (MAGMA MAX NO. 1) 

Mfi 

40 , 600 
11,000 
21,400 
128,500 

315 
681 
2 44 
2 46 
142 
52 
440 
180 
105 
3 

360 
219,000 

+25 
5.3 

E l  emen t 

Carbon D i  oxide 
Methane 
Nitrogen 
Oxygen 
Hydrogen 
Hydrogen Sul f i d e  

*N.D. -- Not Detected 

Percent 

98.14 
0.68 
0.02 

N.D* 
N.D* 
0.18 

The p r inc ipa l  noncondensable species i s  carbon dioxide. Small amounts (up t o  
30 ppm) o f  hydrogen su l f i de  are a lso found i n  the geothermal brine. Ammonia i s  
a lso present i n  the geothermal b r ine  and has a s ign i f i can t  e f f e c t  on the b r ine  
chemistry . 
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W The pH o f  the b r ine  (5.6 t o  5.8)  i s  such t h a t  a carbonate-type p rec ip i t a te  i s  n o t  
normally observed i n  the geothermal br ines from t h i s  reservoir ,  i n  sp i te  o f  the 
h igh carbon dioxide l eve l  (up t o  3% by weight) cobserved i n -  the geothermal brine. 

I n  t h i s  process, the avai lab le energy i n  the geothermal b r i ne  i s  extracted i n  the 
form o f  steam. The drum separators and scrubbers are capable o f  producing high 
q u a l i t y  steam w i t h  a TDS content o f  l ess  than 10 ppm. However, accompanying t h i s  
steam are the noncondensable gases (carbon dioxide and hydrogen su l f ide) .  A por- 
t i o n  o f  the ammonia i n  the geothermal br ine i s  a lso dr iven o f f  w i t h  the steam. 
The r e s u l t i n g  removal o f  the noncondensable gases causes the pH o f  the b r ine  t o  
increase t o  approximately 6.0. The pH o f  the geothermal steam, as observed i n  the 
condensate, var ies w i t h  the r a t i o  o f  carbon dioxide and ammonia. This rather 
complex re la t i onsh ip  produces a s l i g h t l y  ac id  (pH 6.5) steam condensate from the 
f i r s t  stage, where carbon dioxide concentrat ion i n  the steam i s  the highest. The 
steam condensate produced from subsequent stages i s  more inf luenced by the ammonia 
evolved and exh ib i t s  a pH o f  9 t o  10. 

SCALE DEPOSITION 

Scal ing was observed on a l l  surfaces . i n  contact  w i t h  the geothermal brine. As 
noted i n  the above paragraph, the geothermal steam was genera l ly  q u i t e  pure and as 
a r e s u l t  no s i g n i f i c a n t  scal ing was observed on the heat exchange surfaces. The 
GLEF has been operated i n  three modes: 

0 

a condensate r e i n j e c t i o n  mode: the condensate from a l l  o f  the 

0 the noninject ion mode: none o f  the condensed geothermal steam i s  

cascade mode: the condensed steam from the preceding stage i s  
added t o  the next stage 

stages i s  co l lected and in jec ted  i n t o  the l a s t  stage 

in jected, bu t  instead i s  used as cool ing water makeup 

The scal ing deposited i n  the f i r s t  stage i s  predominately a galena-crystal ine 
phase interspersed i n  an i ron - r i ch  amorphous s i l i c a  matr ix  (i). The presence o f  
the lead s u l f i d e  a t  t h i s  p o i n t  i s  a t t r i b u t e d  t o  i t s  very low s o l u b i l i t y ,  which 
would cause it t o  p rec ip i t a te  f i r s t  as the temperature o f  the geothermal br ine 
decreases. 

Scale deposi t ion i n  subsequent stages i s  dependent upon the mode o f  operation. 
the cascade mode, the re in t roduct ion o f  the carbon dioxide-saturated steam 
condensate caused s i g n i f i c a n t  deposits o f  carbonates i n  the vessels and l ines.  
When the condensate from each stage was co l lected and introduced i n t o  the fou r th  
stage, c a l c i t e  deposits were observed i n  the fou r th  stage vessel and i n j e c t i o n  
l i n e .  The formation o f  a calcium carbonate scale i s  a t t r i b u t e d  t o  a react ion 
between carbonate i n  the condensed steam and calcium i n  the geothermal brine. A t  
the p o i n t  o f  mixing, i t  i s  postulated t h a t  the pH i s  s u f f i c i e n t l y  h igh t o  al low 
-the formation o f  calcium carbonate. Thus, when the steam condensate i s  d i rected 
t o  the cool ing pond, ra the r  than combined w i t h  the br ine,  no carbonate deposit ion 
i s  observed. 

The major const i tuent  o f  the geothermal scale i n  the absence o f  steam condensate 
recombination i s  s i 1  ica. The s o l u b i l i t y  o f  amorphous s i 1  i c a  i s  rap id l y  exceeded 
as heat i s  extracted from the geothermal brine. I n i t i a l l y ,  the deposit i s  i n  the 
form o f  a hard i r o n  s i l i c a  scale, which i s  observed i n  the second and t h i r d  stage 
vessels and piping. A p rec ip i t a te  o f  a s i l i c a  g e l - l i k e  mater ia l  develops i n  the 
fou r th  stage and i n j e c t i o n  l i nes ,  which forms a s o f t  s i l i c a  scale. I n  some areas, 
such as the i n j e c t i o n  pump, t h i s  deposit ion has almost the consistency o f  mud. 

In  

I 
1 
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c Scale deposit ion has been pa r t i cu l  a r l y  troublesome i n  close to1 erance operating 
equipment w i t h i n  the f a c i l i t y ,  such as valves and pumps. 
reworked t o  increase the clearance between the mating surfaces, and special ized 
valves, such as Kymar b a l l  valves, have been used whenever possible. 
1 ubr icat ion o f  i n j e c t i o n  pump bearings w i th  condensed geothermal steam has almost 
el iminated scal ing on bearing surfaces. 

I n  the i n j e c t i o n  l i n e s  the s i l i c a  scale can be removed by high-pressure water j e t s  
(34.5 MPa C5000 psia]).  However, i n  the GLEF i t s e l f ,  chemical softening has been 
found t o  be necessary before scale removal can be affected. Scale removal w i t h i n  
the GLEF has been successful l y  accompl i shed u t i 1  i z i  ng an ac i  d-based softening 
solut ion, fol lowed by high-pressure water. 

Scale deposit ion rates range from 0.01 m / h r  i n  the f i r s t  stage t o  0.08 kmm/hr a t  
the i n j e c t i o n  pump discharge. Scaling deposit ion rates subsequently decreased t o  
0.01 mm/hr a t  the i n j e c t i o n  wel l .  

Valves have been 

Posi t ive 

CORROSION 

Only l i g h t  t o  moderate corrosion o f  the m i l d  steel  surfaces i n  contact  w i t h  the 
geothermal br ine and steam was observed. This was a t t r i b u t e d  t o  the reducing 
nature o f  the geothermal f l u i d  and possibly t o  some protect ion from the scale 
deposi ts.  Some o f  the corrosion observed, p a r t i c u l  a r l  y i n  the scrubber vessel s, 
appeared t o  be i r o n  oxide caused by frequent opening o f  the vessels f o r  
inspection. 

TEST PROGRAM 

A de ta i l ed  t e s t  program has been developed t o  document the operation o f  the p lan t  
and overcome the mechanical and chemical problems. The goal o f  t h i s  t e s t  program 
i s  t o  provide the engineering data needed t o  design fu tu re  commercial geothermal 
power p l  ants. 

SUMMARY AND CONCLUSIONS 

The operation o f  the Geothermal Loop Experimental F a c i l i t y  t o  date has been very 
successful. The f a c i l i t y  has been able t o  handle the HT/HS b r ine  and ex t rac t  
thermal energy w i t h  high p l a n t  a v a i l a b i l i t y .  Long-term operating, economic, and 
engineering data remain t o  be determined. 
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