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- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASCALING CHARACTERISTICS IN THE GEOTHERMAL LOOP 
EXPERIMENTAL FACILITY AT NILAND, CALIFORNIA 

Abstract zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The San Diego G a s  & Elec t r i c  with process progression. Trace 

Company - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU.S. Energy Research and c r y s t a l l i n e  phases, such as akaganeite, 

Development Administration j o i n t  

Geothermal Loop Experimental Fac i l i t y  wur tz i te ,  have been detected o r  

(GLEF), located a t  Niland i n  the 

Imper ia l  Valley, Cal i forn ia ,  began Halite and s y l v i t e  'are found pr imari ly 

operat ion i n  May 1976. as a r e s u l t  of numerous f a c i l i t y  

porates a sequent ia l  four-stage f l ash  shutdowns and subsequent cool ing of 

process t o  successively lower tempera- the reta ined br ine  i n  t h e  equipment. 

tures and pressures with a binary Bar i te  i s  f requent ly present when 

f l u i d  energy-conversion cycle. Approxi- i r r i g a t i o n  w a t e r  (used f o r  priming the 

mately 300 hr  of in te rmi t ten t  operat ion wel ls)  containing SO; is mixed with the  

were logged before shutdown of the br ine.  

f a c i l i t y  on June 16 f o r  inspect ion and found whenever separated steam con- 

densate i n  contact  with CO i s  recom- maintenance. Samples of the  br ine,  

suspended so l ids ,  and scale deposi ts bined with the  br ine.  Corrosion pro- 

were analyzed f o r  bulk composition 

and mineralogy, but cor re la t ion  wi th 

temperature and pressure is vague. steel w a l l s .  The scales are layered 

kutnahorite, and spha le r i t e  and/or 

are st rongly  suspected i n  the  scales.  

The GLEF incor- 

Calcite and/or aragoni te  is a lso  

2 

ducts, magnetite and hematite, form an 

i n t e g r a l  par t  of t h e  scale adjacent t o  

with bands of widely d i f f e r i ng  material. 

1, a galena-rich scale The co lor ,  texture,  hardness, and 

thickness of t he  deposi ts a l so  vary 

considerably wi th in locat ions i n  the  

GLEF . 
ahead of the  f i r s t - s tage  separator,  

becoming much less abundant beyond 

tha t  point .  

cons is ts  of an i n c  

The bulk of t he  scale A new method of in-process scale 

s ing proport ion buildup surve i l lance based on radio- 

graphy w a s  successfu l ly  ver i f ied .  i ch  amorphous si 
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Introduction zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Operation of t he  GLEF began i n  

mid-May 1976 with t h e  ac t i va t i on  of a 

s ing le  w e l l .  

f a c i l i t y  w a s  approximately one-half of 

t he  design capacity. Magmamax zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANo. 1 

w a s  the  production w e l l ;  Magmamax No. 3 

was  the  i n jec t i on  w e l l .  Over a month- 

long period, approximately 300 h r  of 

operat ion were logged before shutdown. 

Brine flow w a s  i n te r rup ted  a number of 

times over t h i s  period because of 

problems i n  l i q u i d  level control ,  

pump operation, erosion and f a i l u r e  

of pa r t s ,  and the usual problems 

associated with starting up a new 

test f a c i l i t y .  

Brine flow through t h e  

During t h e  f i n a l  100 h r  of 

operation, when the f a c i l i t y  w a s  

operating under r e l a t i v e l y  s t a b l e  

condit ions, numerous b r ine  and steam 

samples were col lected from various 

locat ions.  Following shutdown, samples 

of scale and s o l i d  depos i ts  were 

scraped from the  i ns ide  w a l l s  of pipes, 

f l a s h  drums, scrubbers, pump housings, 

re in jec t i on  l i n e s ,  and other points 

from which s o l i d  samples could provide 

useful  information i n  evaluating 

p lan t  performance. 

As a completely ex te rna l  means 

of surveying the  buildup of scale 

with in  pipes and on components, 

radiographs were taken during opera- 

t i o n  at  c e r t a i n  loca t ions  i n  the  

f a c i l i t y .  These loca t ions  were 

preselected on the  bas i s  of an t ic ipa ted  

process condit ions most l i k e l y  t o  

r e s u l t  i n  the  production of scale. 

GLEF Process Design 

A condensed process flow diagram 

(Fig. 1 )  shows the  design temperatures 

and pressures, t he  stream flow rates, 

and enthalpies.  The GLEF incorporates 

a sequent ia l  four-stage f l a s h  process. 

As indicated i n  Fig. 1, feed t o  t h e  

f a c i l i t y  is expected t o  be  br ine  flow 

from two w e l l s ,  each supplying zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA400,000 

l b /h r  a t  f i r s t - s tage  temperatures 

and pressures of 370'F and 165 ps ia .  

Temperature and pressure at the well- 

head w i l l  be s l i g h t l y  higher, wi th  

dropoff occurring as t h e  b r ine  flows 

through sur face  piping between the  

wellhead and t h e  f i r s t  s tage.  The 

b r ine  f lashes  i n  t h e  production 

casing and, i n  p r inc ip le ,  no add i t iona l  

f lash ing  is necessary i n  the  f i r s t -  

s tage separator ("f lash drum" and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
11 separator" w i l l  be used interchange- 

ab ly) .  A l l  the  separa tors  cons is t  

of l a rge  cy l i nd r i ca l  vessels mounted 

hor izontal ly.  Separation of t he  

steam (and noncondensable gases) 

from the  b r ine  is achieved by gravity. 

The steam i s  scrubbed i n  bubble-cap 

t ray  towers and then d i rec ted  toward 

heat  exchangers where the  heat  i s  

t rans fer red  t o  a secondary working 

f l u id .  A l l  four stages operate 

s imi la r ly ,  except t h a t  t he  input 

b r ine  is f lashed across intake- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2- 
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( j ) ( G ) @ @ @ ~ @ ( i + @ @ @ @ ) O C >  21 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA22 
Total 

f luid brine Brine c.$ C02+Hz0 Cond C6nd Stem Brine Brine Stcan Brine Brine Steam Brine Cond zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi C4 i C4 1 Cq i C4 1 C4 i C4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
M lbthr 800 132 668 132 30.7 101.3 101.3 35.9 632.1 668 28.3 639.7 668 23.6 644.4 23.6 1000 1oM) 1000 1000 1000 1000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKO2 

W (ACFM) 1544 (5882) 1289 - (786) 220 207 (4219) 1205 1250 (6852) 1197 1237 (12 501) 1194 49.1 3827 3974 4261 4732 5755 (2884) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
*F 370 370 370 300 300 300 160 293 308 262 247 262 221 207 221 200 120 143 176 211 246 300 

psir 165 165 165 160 160 160 150 60 60 28.3 28.3 28.3 13.3 13.3 13.3 11.5 95.7 540 530 520 510 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA500 

p,  lb/ f t3 64.6 0.374 b4.6 - 0.656 57.3 61.0 0.142 65.4 €4.6 0 . W  66.6 67.3 0.0315 67.3 60.0 32.6 31.4 29.3 26.3 21.7 5.78 

W4 Btuthr - - 27.2 13.0 - 0 14.2 37.2 64.0 96.9 191.8 

----- ----- ----- - 

'Fig. 1. Process flow diagram, Geothermal Loop Experimental Fac i l i t y ,  Niland,' Cal i fornia.*  
Af ter  the Ben Holt  Company diagram f o r  the  San Diego Gas & Electric Company. 



cont ro l  valves of the second-, 

third-, and fourth-stage separators .  

The t r a i n  of heat  exchangers 

operates i n  a countercurrent mode. 

In  the  present operation, water 

is used as t h e  working f l u i d  and is 

expanded across a t h r o t t l i n g  valve 

t o  simulate the  pressure drop across 

a turbine. About 10 MW of power is a 

design poss ib i l t y  at  f u l l  flow of 

800,000 l b  of br ine  per hour. 

expanded working f l u i d  is condensed 

i n  tube and s h e l l  heat-exchangers wi th 

the  heat  re jected t o  the  atmosphere 

via a conventional spray pond. The 

The 

steam condensate can be e i t h e r  

cascaded t o  t h e  next s tage,  rein- 

jec ted  together wi th the  spent b r ine  

(unflashed por t ion of the geothermal 

b r ine) ,  o r  used f o r  spray-pond makeup, 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 is a view of t h e  f a c i l i t y  

from the w e s t .  

Geothermal Well Rata 

The GLEF is  designed t o  be 

supplied by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAtwo w e l l s ,  Magmamax 

No. 1 and Woolsey No. 1, while 

Magmamax No. 2 and Magmamax No. 3 

would serve as re in jec t i on  w e l l s .  

Figure 3 i l l u s t r a t e s  the  geographical 

Fig. 2. San Diego Gas zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Electric Company - ERDA Geothermal Loop Experimental 
F a c i l i t y  (GLEF). Foreground shows emergency br ine  pond. F i rs t -s tage 
separator  is on r i g h t ,  followed by second-, th i rd- ,  and fourth-stage 
separators ,  r i g h t  t o  l e f t .  H e a t  exchangers are located between separators .  
Steam scrubbers are located behind separators .  
accumulator, and chemical c leaning equipment are hidden i n  the  background. 

Working f l u i d  condenser, 

-4- 
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I7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

t 

+ 

Legend 

* Olillinp zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c Cdlllnp - idle 
4 hndoned - dry hole 

p c u d i n g  - stem zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 Idle - $team + llbanmncd - steam 
p Hater disposal 

1 I 6 I S  1 , 

Fig. 3. Geothermal well locations a t  Niland, Imperial Valley, California. 
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1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlayout of these w e l l s  (from Palmer zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA). 

Geothermal w e l l  data  are l i s t e d  i n  

Table 1 i n  accordance wi th  Palmer. 1 

GLEF Process Conditions During 
F i r s t  Operational Phase 

During the  f i r s t  300 h r  of 

operation, there  were frequent 

in te r rup t ions  f o r  t he  above-mentioned 

reasons. The longest continuous 

period of operation w a s  101 hr ,  

which occurred at  t he  end of the  

f i r s t  operat ional  phase. P r i o r  t o  

t h i s ,  t he  longest continuous period 

w a s  59 h r .  

f i r s t  operat ional  phase, t he  t h i r d  

s tage w a s  bypassed completely because 

of weakened supports under the  third- 

s tage separator.  

About midway through the  

Pressures and, t o  a lesser 

degree, temperatures cycled contin- 

uously over a range which var ied 

from s tage t o  process s tage.  

frequency of these o s c i l l a t i o n s  w a s  

The 

re la ted  t o  the  of f  /on process 

cont ro l  system, the  u l t imate  cause of 

these per iod ic  cycles (estimated 

period of about 1 /2  t o  2 min). 

temperatures and pressures l i s t e d  i n  

Table 2 were obtained from GLEF 

instruments during the f i n a l  101 

h r  continuous operation. 

The 

Input b r i ne  rates w e r e  estimated 

t o  be 350,000 t o  400,000 lb /h r .  

Because of o f f /on  process contro l ,  

l a r g e  o s c i l l a t i o n s  i n  t h e  flow rates 

were recorded and could not be 

resolved t o  provide meaningful flow 

data.  Therefore, t h e  amount of f lash ing  

i n  each s tage i s  no t  accurately known. 

The b e s t  estimates would be the design 

numbers given i n  the process-flow 

diagram, Fig. 1. During t h i s  f i r s t  

operat ional  phase, t h e  condensate 

w a s  not cascaded t o  the  next s tage,  

but w a s  e i t h e r  re in jec ted  o r  used 

f o r  spray-pond makeup. 

Table 1. Geothermal w e l l  data.  

Produc- 
t i on  Perforated Total  Depth of 

casing i n t e r v a l  hole. temperature 
s i ze ,  depth, depth, Temperature, measurement, 

Well i n .  , f t  f t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO C  f t  

Woolsey No. 1 8-5/8 1866-2375 2400 238 2372 

Magmamax No. 1 8-5/8 1797-2264 2805 260 2310 

Magmamax No. 2 9-5/8 3784-4360 4368 316 3450 

Magmamax No. 3 9-5/8 2618-3078 4000 288 2670 
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Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. Typical temperatures and pressures during GLEF operation. 

Temperature, Pressure, 
Location i n  GLEF OF Psig 

Wellhead Magmamax No. 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'L 410 300 

Production l i n e ,  upstream f i r s t - s tage  separator  380 205-245 

F i rs t -s tage separator  360 110-115 

F i rs t -s tage scrubber 343 118-120 

Second-stage separator  270 40-55 

Second-stage scrubber 270 37-49 

Fourth-stage separator 240 10-11 

Fourth-stage scrubber 225 8-9 

Wellhead Magmamax No. 3 195-200 

Brine Composition and i n  so l i ds  content because recombin- 

a t i o n  of condensate occurred i n  the  The composition of Magmamax 

N o .  l b r i n e ,  uncorrected, f o r  an fourth-stage separator  a t  t he  time 

unknown amount of f lash ing  (but t he  sample was col lected.  Examination 

estimated t o  be 10%) i n  t he  wellhead 

casing is shown i n  Table 3. Also 

l i s t e d  i n  Table 3 is t he  normalized 

composition f o r  10 elements reported 

i n  w e t  chemlcal analys is  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof scale 

deposited i n  the  GLEF. 

Table 4, below, shows the  sample 

numbers and the  corresponding 

locat ions i n  the  GLEF from which the 

samples were Obtained * June zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 1976* 

of the  samples shows no unusual o r  

unexpected amount o r  d i s t r i bu t i on  of 

p r inc ipa l  scale-forming species i n  

the  br ine.  

of brine and steam samples. 

suspended s o l i d s  content is t h a t  obtained 

a f t e r  cool ing t o  room temperature. 

Analyses of the steam samples 

Tables 5-8 repor t  analyses 

The 

ind ica te  t h a t  t he  scrubbers are 

performing e f fec t i ve l y  , although the  

The th ree  br ine  samples co l lected f i r s t - s tage  scrubber (V8) may need 

from the  l i qu id  output of the f i r s t - ,  

second-, and fourth-stage separators  

are qu i te  similar i n  composition f o r  

t he  l imi ted number of spec ies analyzed. 

Brine out  of the  fourth-stage separa- 

t o r  (VII-BO-L3O) i s  lower i n  densi ty and V6-LO-L33 are unusual. The former 

-7- 

some operat ional  adjustment t o  br ing 

the  t o t a l  quant i ty  of s o l i d s  i n  t he  

scrubbed steam down t o  a lower 

level. 

were obtained f o r  samples V7-SO-L26 

However, r e s u l t s  such as 



Table 3. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMagmamx No. 1 br ine  composition (uncorrected f o r  f lash ing)  and 
normalized composition f o r  t en  elements general ly found i n  scales. 
Sample co l lected from LLL 'test separator  on August 10, 1976. 

Element Weight, Normalized 
PPm w t %  

L i  141 

42,000 N a  

S i  

K 8,600 

Fe 

cu 
Rb 64 

Ba 

202 0.93 

256 1.18 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 .005 

118 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.54 

Mg 

Zn 

Sr 

A 1  

c1 
C a  

Mn 

Pb 

80 

361 

388 

<1 

121,000 

20,000 

690 

78 

5.2 

237 

0.37 

1.66 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. ~0.005 

91.8 

3.17 

0.36 

Density (g/cm3 a t  25OC) 1.15 

Tota l  so l i ds  (g/kg, br ine) 208 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-8- 



Table 4. Sample designat ion according t o  locat ion.  

Sample Sample 
number Location number Location 

F i rs t -s tage separator ,  Second-stage separator ,  

Second-stage separator ,  Second-stage scrubber, 

V4-BO-L24 b r ine  ou t  V7-SO-L26 steam out  

V7-BO-L28 b r ine  out  V9-SO-L29 steam out 

Fourth-stage separator ,  Fourth-stage scrubber, 

F i rs t -s tage separator ,  Fourth-stage scrubber, 

F i rs t -s tage scrubber, 

Vll-BO-L30 b r ine  out V12-LO-L31 wash, water out  

V4-SO-L23 steam out  V12-LO-L32 steam out  

Vent gas separator  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 
V8-SO-L25 steam out  V6-LO-L33 condensate out 

Table 5. Analysis of br ine  out ,  f i r s t - s tage  separator ,  sample V4-BO-L24. 

Date taken: 6/16/76 

Time : 1500 

Method : Condenser c o i l  

pH : 6.0 

Density: 

Suspended so l ids :  634 mg/kg 

Dissolved so l ids :  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA252 g/kg 

1.17 g/cm 3 a t  25OC 

Suspended Recons tructeda 
s o l i d s  , Liquid, br ine,  

w t %  mg / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 i ter  mdkg Element 

si  27.9 33 199 

Fe 10.3 280 264 

cu 0.02 2 1.7 

Ba 5.0 125 157 

, 000 140 , 000 c1 

Mn 0.04 , 000 788 

Pb 0.02 76 64 

a 
Suspended p lus  dissolved so l ids .  

-9- 



Table 6. Analysis of b r i ne  out,  second-stage spearator ,  sample V7-BO-L28. 

Date taken: 

Time: 

Method: 

pH: 

Density zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: 

Suspended so l ids:  

Dissolved so l ids :  

Element 

6/16/76 

1535 

Condenser c o i l  

5.9 
3 1.18 g/cm a t  25OC 

657 mg/kg 

252 g/kg 

Suspended 
so l i ds ,  

w t %  
Liquid, 
mg/ l i ter  

Recons t ruc teda 
br ine  , 
mdkg 

si  
Fe 

cu 

Ba 

c1 
Mn 

Pb 

26.5 

8.6 

0.05 

5.6 

0.04 

0.08 

24 194 

273 288 

2 2.0 

133 149 

168,000 142,000 

950 805 

87 75 

a Suspended p lus dissolved so l ids .  

sample zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis of the  steam leaving the  

second-stage separator ,  before i t  is  

scrubbed. The analys is  shows tha t  

the  steam is already qu i te  pure. 

Sample V6-LO-L33 is simply condensed 

steam from t h e  f i r s t - s tage  scrubber 

and should have the  same s o l i d s  

content as sample V8-SO-L25. I n  

f a c t ,  it is greater  by tenfold,  

which suggests b r i ne  in t rus ion  i n  the  

vent gas separator a t  some point  i n  

t h e  operation. 

-10- 

The noncondensable gas mass 

f r ac t i on  is estimated t o  be from 1 t o  

1.5% of the br ine.  By volume, t h e  

noncondensable gas cons is ts  of 98% 

COP, 1 t o  1.5% CH4, up t o  0.35% H2, 

up t o  a few hundred ppm of NH 

and a var iab le  amount of H zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS, ranging 

from 1500 t o  2500 ppm. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3' - 

2 

The C02 content of t h e  br ine  is 

considerably higher than t h a t  which 

has been reported from other  w e l l s ,  

namely, 5000 ppm i n  the  No.-1-State- 



I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

Table 7. Analysis of br ine  out,  fourth-stage separator,  sample Vll-BO-L30. j *  
Date Taken: 6/16/76 

Time: 1500 

Method : 

pH: 

Condenser c o i l  

6.2 
3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI Density : 1.14 g/cm a t  25OC 

I 1 Suspended so l ids :  611 mgikg- 

Dissolved so l ids :  223 g/kg 

Suspended 
so l i ds ,  

Element wtX 

Recons tructeda 
Liquid br ine,  
mg l l i te r  w / k g  

I 

22.5 23 158 

12.9 189 244 

s i  
Fe 

cu 

Ba 

c1 
Mn 

Pb 

0.06 2 2 

4.5 109 122 

128,000 112,000 

0.28 790 690 

0.05 64 56 

aSuspended p lus dissolved so l ids .  

Chloride 

V4-SO-L23 

V8- SO-L2 5 

V7-SO-L26 

V9-SO-L29 

V12-LO-L31 6/16/76 1640 397 177 
v12- so-L32 

V6-LO-L33 6/16/76 1800 1300 890 

6/16/76 1526 33 <lo 8.9 

6/16/76 1550 31 <lo 9.1 

6/16/76 1650 46 <lo 8.4 

I 



of-Cali fornia 500 ppm i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
No. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 I I D , 2  4000 ppm i n  S inc la i r  

No. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 , 3  and 7150 ppm i n  No. 1 I I D .  

The high C02 content is t h e  main 

reason f o r  u t i l i z i n g  a binary-f luid 

energy-conversion cycle f o r  these 

geothermal br ines.  With these la rge  

volumes of C02, i t  would be uneconomi- 

cal t o  maintain t h e  required low- 

exhaust pressures i n  a steam turbine. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 

The su l fu r  content i n  t h e  Mag- 

mamax No. l b r i n e  (based on H2S) 

brackets the  reported i n  

b r ines  from other  w e l l s  i n  the  

Imperial Valley. Present ly,  a t  t he  

GLEF, a 130-ft high s tack  is used t o  

d isperse the  H S t o  m e e t  acceptable 
2 

ground-level concentrat ions. 

Scale Production i n  the  GLEF 

Because of numerous p lan t  upsets,  

scale deposited on the w a l l s  of the  

GLEF piping and equipment during the  

f i r s t  300 h r  of operat ion represents 

scale produced over a wide range of 

operat ing condit ions. These scales 

may o r  may not represent  the  amount 

o r  type of sca l ing  t h a t  would occur 

i n  t h e  GLEF during a prolonged, 

steady period of operation. Clear ly 

these scales do not represent  what 

would be deposited when Woolsey No. 1 

is brought i n  f o r  eventual  two-well 

operation. Nevertheless, t he  min- 

e ra log ica l  and chemical analyses of 

these sca les  add grea t ly  t o  our 

understanding and a b i l i t y  t o  i n t e r p r e t  

the  i n te rac t i on  of sca l ing  wi th 

b r i ne  chemistry, changes i n  b r i ne  

temperature and pressure,  and with 

other  condi t ions imposed by a mult i-  

s tage f l a s h  process. 

Frequent in te r rup t ions  i n  the  

GLEF operat ion resu l ted  i n  a l t e rna t i ng  

bands of l igh t -  and dark-colored 

layers  i n  the  scale as i l l u s t r a t e d  

i n  Figs. 4 and 5. I n  most of t he  

brine-piping, scale th ickness ranged 

from 1 t o  3 mm (Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 ) .  I n  the  

separators ,  there  were at  least two 

sca l ing  regions. Above the normal 

operat ing l i qu id  level, sca l ing  on 

the  w a l l s  of t h e  separators  w a s  1 t o  

2 mm th ick  compared t o  approximately 

5 t o  10 mm i n  t he  lower h a l f ,  which 

Fig. 4. Scale from fourth-stage 
separator ,  GLEF. Sample M1-VII-3, 
June 23, 1976. Thickness of 
sample, 9 mm. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-12- 



E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' ig. 5. Scale from re in jec t ion  p ipe 
f lange connection t o  output of 
re in jec t i on  pump, GLEF. Sample 
M1-PZ-DS-1, June 17 ,  1976. Thick- 
ness of sample, 12  mm. This 
sample represents  sca le  bui ldup 
a f t e r  approximately zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 mm w a s  
scraped from the  w a l l  earlier i n  
the operat ion.  Tota l  thickness 
of undisturbed deposi ts  was 16 mm. 

Fig. 6. Scale samples from var ious po in ts  i n  the  GLEF. Ml-PV301-US: block 
va lve upstream of f i r s t - s tage  cont ro l  valve (same block va lve a l s o  i n i t i a l l y  
located downstream), Ml-PV301-DS: 6- t o  16-in. expansion pipe downstream 
of PV-301, the  f i r s t - s tage  contro l  valve,  M1-Vll-4: upper port ion,  fourth- 
s tage  separator ,  and Ml-RJ-3: re in jec t i on  wellhead pipe. 
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was exposed t o  the  l i qu id  (Figs. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 f a c t  t h a t  continuous drainage can 

and 8). This va r ia t i on  is not sur- occur helps t o  reduce t h e  buildup of 

p r is ing  i n  tha t  the  upper ha l f  of 

t he  separators  is exposed t o  r e l a t i v e l y  to r .  Figures 9, 10, and 11 are 

clean steam with ent ra ined b r ine  photographs of the  ins ides  of t he  

p lus an undetermined amount of splash- f i r s t - ,  second-, and faurth-stage 

scale i n  t h e  upper ha l f  of t he  separa- 

ing t h a t  takes place i n te rna l l y .  The separators ,  respect ive ly .  

Fig. 7. Scale samples from f i r s t - s tage  separator ,  GLEF. Ml-V4-1: upper 
ha l f ,  Ml-V4-2: lower ha l f ,  and Ml-V4-3: i n t e r n a l  wear p l a t e  of input 
b r ine  stream. 

Brine-scaling i n  the  steam 

scrubbers zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwas minimal as expected, 

although there  was a l aye r  of corro- 

s ion  products which w a s  apparent not  

only on scrubber sur faces,  but zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOR 

other  steel sur faces as w e l l .  These 

corrosion products become an i n t e g r a l  

p a r t  of the  b r ine  scale. Figures 12-A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

and 12-B show t h e  extent of corrosion 

on the  underside of t h e  lower t r a y  in 

the  second-stage scrubber. 
Fig. 8. Scale samples from bottom 

of second-stage separator,  GLEF. 
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Fig. 9. 
GLEF. 
separator .  
separator  is 

I n t e r i o r  of f i r s t -s tage separator  a f t e r  approximately 300 h r  operation, 
In take br ine  stream enters  a t  top and impinges on wear p l a t e  a t  head of 

Opening a t  bottom i s  s o l i d s  t rap.  Heavy scal ing i n  lower ha l f  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The heaviest scaling occurred 

i n  t h e  b r ine  e f f l uen t  piping of the  

fourth-stage separator  and i n  po ints  

beyond. Brine from the  four th  s tage 

flows t o  the  re in jec t i on  pump which 

was  heavi ly  scaled (Fig. 13) .  J u s t  

downstream of re in jec t i on  pump, 

12 t o  16 mm of scale was  observed on 

the w a l l s  of the  10-in. discharge 

pipe (Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA14). A t  approximately 

butterfly valves, which w e r e  used to 

i s o l a t e  shor t  bypass spool  sect ions 

(Fig. 15).  The piping near t he  

re in jec t i on  w e l l  w a s  not heavi ly 

scaled, however. Apparently e i t h e r  

the  amount and/or the  adherence of 

scale-forming const i tuents  decreases 

as the  spent b r ine  passes through 

approximately a kilometer of surface- 

re in jec t i on  piping. This does not 

100 m f u r the r  downstream i n  the  

sur face-re in ject ion piping, heavy suspended so l ids .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAs i t  reaches the  

sca l ing  w a s  st i l l  evident i n  the  

imply t h a t  t he  br ine is deplete of 

re in jec t ion  w e l l  the  spent b r i ne  does 

-15- 



Fig. 10. 
GLEF. 
separator.  

I n t e r i o r  of second-stage separator  a f t e r  approximately 300 h r  operation, 
Intake b r h e  steam en te rs  a t  bottom and impinges on wear p l a t e  a t  head of 

This separator  contafns zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 316L s t a i n l e s s  steel cladding. 

indeed contain a considerable amount zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
of suspended so l i ds .  From f i l t e r e d  

samples co l lected i n  the  l i n e  near 

the  re in jec t i on  w e l l ,  an average of 

of these suspended s o l i d s  are being 

s tud ied i n  g rea ter  d e t a i l  by H i l l  and 

Owen. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 

0.48 g of suspended so l i ds  per 

kilogram of br ine  i n jec t i on  w a s  

found. X-ray d i f f r a c t i o n  ana lys is  

indicated t h a t  t he  so l i ds  w e r e  

amorphous material. Si l i con  and i ron  

were pr inc ipa l  cat ions wi th calcium, 

chromium, manganese, z inc,  and lead 

a l so  present ,  each varying from 

1 t o  3 w t % .  The cha rac te r i s t i cs  

Scale Samples from the  GLEF 

Scale samples were co l lec ted  from 

var ious loca t ions  i n  the GLEF (see 

Table 9. ) .  

and chemical analyses of these samples 

are l i s t e d  i n  Tables 10-12-B. Tem- 

peratures and pressures at  t he  loca- 

t i ons  i n  the  GLEF where these scale 

The r e s u l t s  of mineralogical zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

, 
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Fig. 11. 
GLEF. 
camera end. 

I n t e r i o r  of fourth-stage separator  a f t e r  approximately 300 h r  operation, 
In take pipe is a t  Vortex b a f f l e  is shown a t  bottom where br ine  exhausts. 

Liquid l e v e l  sensing probe protrudes from top. 

samples were co l lec ted  can be 

estimated from t h e  da ta  given i n  

Table 2. 

again t h a t  t h e  operat ing condi t ions 

a t  every loca t ion  were highly var iab le ,  

It should be emphasized zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- Scale Mineralagy and Chemical 

Composition 

Samples Ml-PV301-US-2 and Ml-V301- 

DS-1 

I n  the  mixed-phase br ine  

immediately downstream of the  f i r s t -  

s tage contro l  valve,  where la rge  

temperature and pressure drops occur, 

t h e  scale deposited on t h e  pipe 

walls is predominately a galena- 

c r y s t a l l i n e  phase. The galena is 

in terspersed i n  an i ron-r ich amorphous 

s i l ica matrix. This scale can be 

chipped of f  the  pipe w a l l  i n  small 

f lakes  with moderate e f f o r t .  Thickness 

is approximately 2 mm, color ing is 

-17- 



a f t e r  approximately 300 h r  operat ion.  

grey t o  black, and t h e  scale is qu i te  

hard and b r i t t l e .  The underlayer 

cons is ts  of magnetite/hematite, steel 

corrosion products. The block valve 

where sample M1-PV301-US-2 w a s  

col lected w a s  a lso  i n  se rv i ce  

approximately 50% of the  t i m e  at  a 

l oca t ion  downstream of t h e  f i r s t -  

s tage cont ro l  valve. The lead-rich 

scale may have been deposited then, 

leaving uncertain whether t h i s  

pa r t i cu la r  scale sample resembles 

the  amount and the  type of sca l ing  a t  

points  upstream of t h e  cont ro l  valve. 

Fig. 12.  Scal ing on underside of lower t ray  of second-stage steam scrubber, GLEF, 

Galena i s  by f a r  the  predominate 

s u l f i d e  mineral found i n  the Magmamax- 

No.-1 sca les ,  whereas scales from 

Sinclair-N0.-4 w e l l  and No.-1-IID 

w e l l  were predominately copper su l f ides ,  

born i te ,  and d igen i te  enclosed a l s o  

i n  an i ron-r ich amorphous si l ica zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* 

matrix. 3,4 

Samples Ml-V4-2, Ml-V7-2, and 
M1-LV711-DS-1 

Scales found i n  the lower ha l f  of * 

the f i r s t -  and second-stage separators  

were primari ly an i ron-r ich amorphous 
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' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsi l ica with galena present as the  

s t a l l i n e  phase, but  t o  a 

extent  than scales de- 

posi ted j u s t  downstream of t h e  f i r s t -  

s tage contro l  valve. The r e l a t i v e l y  

high N a  (ha l i t e )  content r e s u l t s  from 

in te r rup t ions  i n  operation and sub- 

sequent cool ing of t he  res idua l  b r ine  

t o  ambient temperatures. The high 

i ron  content zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmay be in p a r t  mixed 

corrosion products. These scales are 

l i g h t  brown t o  black in color ,  s o f t e r  
Fig. 13. Scale deposi ts  on reinjec- 

t i o n  pump in take  housing, GLEF. 

Fig. 14. Scale from re in jec t ion  pipe f lange (10-in. diameter) connected t o  
r e i n j e c t i o n  pump output ,  GLEF, a f t e r  approximately 300 h r  operation. 
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Fig. 15. Scale i n  b u t t e r f l y  valve 
(10-in. diameter) i so la t i ng  sho r t  
bypass pipe spools i n  re in jec t i on  
l i n e  a t  about 100 m downstream of 
t he  re in jec t i on  pump, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGLEF, a f t e r  
approximately 300 h r  operation. 

Samples Ml-V11-2, M1-Vl l -3,  and 
M1-LV714-DS-1 

I n  the  fourth-stage separator  

and i n  locat ions fu r the r  downstream, 

low-temperature-scaling species 

predominate. For the  most p a r t  t he  

scales are s o f t e r  and layered. The 

dark scale cons is ts  of h a l i t e  in te r -  

mixed with an i ron-r ich amorphous 

s i l i c a .  Trace amounts of galena may 

be present.  The th ick,  l i g h t e r  layers  

cons is t  of amorphous si l ica and 

h a l i t e .  

from the  f a c i l i t y ’ s  emergency br ine  

pond w a s  pumped in to  the  fourth- 

s tage separator  on a t  least two 

instances because the  separator  w a s  

a convenient po int  of ent ry  t o  the  

re in jec t i on  pump. How t h i s  a f fected 

scal ing i n  the  four th  s tage and beyond 

has not been establ ished.  

Large volumes of ponded b r ine  

Samples Ml-P2-DS-2 and M1-RJ-2 

Downstream of the re in jec t i on  

pump and approximately 100 m beyond 

i n  the  piping, the  scale was similar 

t o  t h a t  deposited I n  the fourth- 

s tage separator .  The dark layer ,  

however, consisted of kutnahor i te,  

[Ca (Mn, Mg) C03] i n  an i ron-r ich 

amorphous s i l ica matrix. It should 

be noted t h a t  a t  t i m e s  the  condensate 

from the  f i r s t - ,  second-, and third- 

s tage heat exchanges was  combined with 

the  b r ine  a t  t h e  input t o  the reinjec- 

t i o n  pump. Analysis of the  condensate 

shows amounts as much as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1440 ppm as 

CaC036 of CO and/or HCO which very 3 3’ 
l i k e l y  contr ibuted t o  the  presence of 

t he  carbonate phase i n  the  dark- 

layered scale. Calc i te /aragoni te  w a s  

detected a l so  i n  sca les  a t  l oca t ions  

where steam condensate may have con- 

tacted t h e  br ine.  Barite i s  present  

a l s o  as a r e s u l t  of the reac t ion  of SO= 
4 

i n  i r r i g a t i o n  water used t o  prime the 

w e l l  and barium i n  the  br ine.  

SamDles M1-V8-2 and M1-V9-2 

The scale col lected from the  

steam scrubbers showed a high i r o n  

content cons is tent  wi th v i s u a l  obser- 

vat ion of sur face corrosion i n  the  

scrubbers. There w e r e  no brine-type 

scales of any s ign i f i cance i n  the  

scrubbers. Magnetite and hematite 

have been detected i n  sca les  a t  other  

locat ions i n  the  f a c i l i t y ,  general ly 
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as t he  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAscale underlayer adjacent t o  

steel surfaces. It is believed t h a t  

corrosion is, i n  pa r t ,  due t o  exposure 

of w e t  sur faces t o  air during f a c i l i t y  

shutdowns and inspect ions.  

Sample M1-RJ-3 

This sample from the  re in jec t i on  

wellhead piping contains a very high 

lead content. This is unusual 

s ince  beyond t h e  second-stage separa- 

t o r  t he  lead content i n  t h e  scale is 

low. We be l ieve  t h a t  a galena-rich 

scale was  deposited on the  re in jec t ion  

piping a t  the  wellhead when the  

re in jec t ion  w e l l ,  Magmamax No. 3, 

was  producing approximately zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAtwo 

months before the GLEF operation. 

is consis tent  wi th  sample Ml-MX3-1, 

which consisted of scale removed 

from the  pressure-sensing tubing i n  

the  re in jec t ion  w e l l  casing. This 

tubing was i ns ta l l ed  a f t e r  Magmamax 

No. 3 w a s  producing and before GLEF 

began its operation. This scale 

contained very l i t t l e  lead. 

This 

Table 9. Scale samples and locat ions.  

Sample number Sampling GLEF loca t ion  
da te  

M1-PV301-DS-1 6/22 

MbV4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 2 6/23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Ml-V7-2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6/23 

M1-Vll-3 6/23 

Ml-P2-DS-2 6/17 

M1-PV-301-US-2 6 122 

Ml-V8- 2 6/22 

M1-LV7 14-DS-1 6/22 

M1-V 6/22 

M1-RJ-3 6/30 

M1-Vll-2 6/22 

M1-RJ-2 6/22 

M1-LV711-DS-1 6/22 

M1-MX3-1 6/23 

6 t o  16 i n .  expansion p ipe downstream of PV301, 
f i r s t - s tage  cont ro l  valve. 

Bottom, f i r s t - s tage  separator  

Bottom, second-stage separator 

Middle, fourth-stage separator  

Connecting p ipe f lange t o  re in jec t ion  pump output 

Block valve upstream of f i r s t - s tage  cont ro l  valve 

Firs t -s tage scrubber, bottom t r a y  

Downstream, fourth-stage cont ro l  valve 

Second-stage scrubber, bottom t ray  

Reinject ion wellhead p ipe 

Bottom, fourth-stage separator  

Reinject ion l i n e ,  second bypass spool 

Downstream, second-stage contro l  valve 

Downhole pressure-sensing tubing, Magmamax No. 3 
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Table 10. X-ray diffraction analysis of scale deposited in GLEF, May-June 
1976 operation. 

Sample zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXRD analysis, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 
number Date Location crystalline phases 

M1-PV301-DS-0 
(see Fig. 6) 

M1-PV301-D S-1 
(see Fig. 6) 

Ml-V7-2 
(see Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 )  

Ml-Vll-3 
(see Fig. 4) 

M1-P2-DS-2 
(see Fig. 5) 

Ml-V14-1/2 

6/3/76 Elbow, downstream of 1. Very strong galena 
first-stage control phase 
valve 2. Underlayer in 

contact with steel 
surface, predomin- 
ately hematite, 
with possible trace 
of akaganeite 
(B-FeOOH) 

6/22/76 Expansion pipe, down- Strong galena phase; 
stream of first-stage 
control valve observed 

no other material 

6/23/76 Bottom, second-stage Predominately halite 
separator with some galena 

6/23/76 Middle, fourth-stage 1. Black underlayer, 

amounts of galena 
2. Redish layer, 

halite with trace 
of galena 

halite 

halite 

layer, halite 

separator halite with lesser 

3. White thick layer, 

4. Redish-brown layer, 

5. Top light brown 

6/17/76 Connecting pipe flange 1. Green material, 
to reinjection pump halite, possibly 
output barite 

2. White material, 
galena trace 

3. Light brown layer 
halite, some 
sylvite (KC1) 

4. Dark brown, kutna- 
horite [Ca(Mn,Mg) 
Cog zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

6/2/76 Inspection port, third- Halite, sphalerite 
stage separator (Zn, Fe)S 
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Table 10. (Continued) 

Sample zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXRD analysis, a 
number Date Location crystalline phases zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' 

M1-P9-2 6/3/76 Intake housing, Solids due to brine 
condensate pump intrusion into pump 

well during operation 
1. Galena, wustite 

(FeO) . 

M1-P9-US-1 5/19/76 Intake screen, Halite, hematite 
condensate pump 

a 
The crystalline material is almost always interspersed in an iron-rich 
amorphous silica matrix and, in many samples, is present in only trace 
quantities. 

Table 11. Weight percent of elements in GLEF scale by atomic absorption 
and/or wet chemical analysis, May-June 1976. 

si 

Fe 

Mn 

Ca 

Pb 

Na 

K 

A1 

Zn 

cu 

Ba 

S 

Sb 

Mg 

7.38 

10.36 

0.77 

0.09 ' 

43.90 

0.56 

0.32 

0.26 

0.05 

1.56 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<O. 005 

5.11 

1.21 

0.054 

14.17 

22.50 

1.38 

0.27 

6.70 

2.89 

0.80 

0.27 

0.76 

0.10 

<O. 005 

1.33 

0.10 

0.24 

Ml-PV301 MI.-v11 Ml-v11 Ml-P2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMl-P 2 

Element -DS-1 Ml-V4-2 Ml-V7-2 - 3A -3A -DS-2B -DS-2B 

dark" zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'I light 'I dark" "light" 

14.93 16.04 20.30 17.79 15.28 

9.94 9.39 1.24 8.87 0.73 , 

1.68 1.84 0.27 2.68 0.22 

0.99 0.30 0.44 1.02 0.40 

5.10 0.45 0.16 0.54 0.07 

4.09 2.77 2.54 1.36 2.60 

0.65 0.75 0.49 0.47 0.53 

0.22 

0.82 

0.15 

0.26 

0.56 

0.06 

0.095 

0.018 0.018 

0.38 0.09 

0.13 0.081 

0.04 0.67 

0.044 0.06 

0.02 c0.005 

0.017 0.012 

0.015 0.017 

0.55 0.04 

0.11 0.097 

0.17 0.24 

0.10 0.043 

0.04 <O. 005 

0.009 0.008 
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Table 12-A. Weight percent of elements in GLEF scale by spectrochemical 
analysis, May-June 1976. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

~~~ -~ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Sample lumber 

Element 
M1-PV301-US-2 Ml-Il4-2 M1-LV711-DS-1 Ml-V7-2 M1-LV714-DS-1 M1-Vll-2 M1-Vll-3 

Pb 

Fe 

si  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Ag 

K 

C a  

Mn 

Sb 

A s  

Na 

A 1  

cu 

Zn zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Mi3 

B 

Sr 

Ga 

Ba 

Ni 

Mo 

Be 

co 

T I  

C r  

40 3 2 3 3 1 0.2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 >10 1 >4 1 6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA>3 

2 >8 0.3 >3 20 >10 > 10 

1 0.03 0.05 0.03 1 0.02 0.008 

<0.5 1 nd<O. 5 1 

0.3 0.6 1 0.6 0.2 3 0.3 

0.3 0.1 0.2 0.3 0.2 0.2 0.8 

0.3 

0.2 

0.2 

0.1 

0.1 

0.06 

0.03 

0.01 

0.01 

0.006 

0.006 

0.006 

0.003 

0.002 

0.002 

<O. 0003 

nd<O. 0001 

0.01 

0.03 

1 

0.1 

0.06 

0.2 

0.4 

0.03 

0.01 

0.01 

0.01 

0.005 

0.003 

0.007 

0.03 

0.1 

>20 

0.06 

0.3 

0.08 

0.06 

0.02 

0.03 

0.001 

0.03 

0.001 

nd<O. 003 

0.0003 

0.001 

0.001 

0.001 

0.02 

0.1 

1 

0.1 

0.08 

0.4 

0.1 

0.02 

0.04 

0.02 

0.06 

0.003 

0.004 

0.02 

2 

0.1 

0.3 

0.2 

2 

0.2 

0.02 

0.06 

0.006 

0.03 

0.02 

0.003 

nd<0.003 

0.02 

0.001 

0.001 

0.003 

0.03 

0.1 

2 

0.06 

0.2 

0; 2 

0.02 

0.1 

0.1 

0.01 

1 

0.002 

0.003 

0.002 

nd<0.0001 

0.01 

0.003 

0.03 

0.03 

1 

0.02 

0.07 

0 .2  

0.01 

0.09 

0.04 

0.02 

0.03 

0.001 

0.002 

nd<O. 0003 
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Table 12-B. (Continued), 

Element 
Ml-P2-DS-2 M1-RJ-2 Ml-RJ-3 M1-MX3-1 Ml-V8-2 Ml-V9-2 

Pb 

Fe 

si 

Ag 

K 

Ca 

Mn 

Sb 

As 

Na 

A1 

cu 

Zn 

Mg 

B 

Sr 

Ga 

Ba 

Ni 

Mo 

Be 

co 

Ti 

Cr 

Approximate zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwtX 

0.2 0.3 40 0.05 0.4 

>3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA>4 2 >10 30 

>10 >10 20 >10 1 

0.003 0.005 1 0.005 0.003 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<O. 5 C 0 . 5  <0.5 

2 3 0.1 3 0.1 

0.1 0.8 0.08 3 0.3 

nd<O. 003 0.01 0.2 0.02 nd<O. 003 

0.03 0.02 0.1 0.03 0.1 

0.7 6 0.1 0.6 0.01 

0.06 0.03 0.1 0.903 0.01 

0.06 0.06 0.1 0.001 0.04 

0.3 0.2 0.1 0.2 0.2 

0.01 0.01 0.3 0.1 0.04 

0.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' 0.08 0.01 0.04 0.06 

0.03 0.1 0.002 0.01 0.01 

0.02 0.02 0.006 0.03 0.006 

0.1 0.3 nd<0.006 nd<0.003 0.006 

nd<O. 001 0.003 nd<O. 001 0.01 

0.003 0.005 ndC0.003 0.003 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAnd<O. 003 

0.003 0.0003 0.0003 0.0003 0.0004 

nd<O. 0001 0.001 nd<O. 0001 0.01 

nd<O. 0003 <O .0003 0.002 <O '0003 <O. 0003 

0.0001 nd<O.OOOl 0.02 0.01 

0.4 

30 

4 

0.005 

<0.5 

0.3 

0.8 

n&O. 003 

0.1 

0.3 

0.1 

0.1 

1 

0.1 

0.1 

0.003 

0.01 I 

nd<O. 006 

0.008 

0.01 

0.002 

0.004 

0.02 

0.004 
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Table 13 l ists t he  weight 

percentage, normalized t o  100, of 10 

major scale const i tuents  found by 

w e t  chemical analys is  i n  several 

scale samples and i n  the  br ine.  

degree of f rac t ionat ion  of these 

elements from the br ine  is c lea r l y  

indicated. “he scale samples are 

highly enriched i n  lead, i ron ,  and 

s i l i c o n  and are depleted i n  calcium 

with respect  t o  t h e i r  composition i n  

the  br ine.  S i l i con  enrichment 

increases from upstream t o  downstream 

condi t ions whi le lead decreases. I ron 

The 

content i n  the  scale appears to  be zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* 

f a i r l y  constant i n  a l l  posi t ions,  

except f o r  t he  l ight-colored por t ion 

of the  scale i n  samples Ml-Vl1-3A and 

Ml-P2-DS-2A. Since samples Ml-Vll-3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A/B and Ml-P2-DS-2 A/% are separated 

i n  pos i t ion  by only the  re in jec t i on  

pump, it is not surpr is ing  t h a t  

the  two l ighter-colored scales are 

very similar i n  composition, as are 

t he  two darker-colored por t ions of 

these two scales. 

w e r e  excluded from t h i s  tab le  because 

i t  i s  believed t h e i r  presence i n  the  

., 

Sodium and potassium 

Table 13. Normalized weight percent of 10 chemical const i tuents  of scale 
deposited i n  the GLEF, May-June 1976, 

Element 
Sample 

number si Fe Mn Ca Pb A1 Zn cu Ba Mg 

Magmamax-1 

Ml-PV301- 

brine 0.93 1.18 3.17 91.8 0.36 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc0.005 1.66 0.005 0.54 0.37 

DS-1 11.45 16.08 1.20 0.14 68.14 0.40 0.08 2.42 <0.01 0.08 

Ml-V4-2 30.54 48.50 2.97 0.58 14.44 0.58 1.64 0.22 <0.01 0.52 

F 

Ml-V7-2 43.67 29.08 4.91 2.90 14.92 0.64 2.40 0.44 0.76 0.28 

U-Vll- 3B 
dark 56.07 32.83 6.43 1.05 1.57 0.06 1.33 0.45 0.14 0.06 

Ml-V11-3A 
light 87.20 5.33 1.16 1.89 0.69 0.08 0.39 0.35 2.88 0.05 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

MI.-PP-D S- 2B 
dark 56.02 27.93 8.44 3.21 1.70 0.05 1.73 0.35 0.54 0.03 

Ml-P2-DS-2A 
light 89.87 4.29 0.71 2.35 0.41 0.10 0.24 0.57 1.41 0.05 

- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA26- 



sca le  i s  due t o  condi t ions not usual ly 

encountered during normal, continuous 

operation. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

It is of i n t e r e s t  t o  ca lcu la te  

the maximum amount of scale t h a t  could 

be deposi ted at  some pos i t ion  i n  the 

GLEF, provided we can assume t h a t  a l l  

the  scale has iden t i ca l  composition 

t o  t h a t  of the scale sample. 

maximum amount of sca le  per  u n i t  

weight of b r ine  is 

The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.f 

G r i n e  

'scale 
Mss  i ¶ 

where zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM = mass of scale per u n i t  mass 
of b r ine  

= w t  f r a c t i o n  of spec ies,  
i 

Xbrine i, i n  b r i ne  

. i  
= w t  f r ac t i on  of spec ies,  
i, i n  scale. 'scale 

The most enriched species i n  the 

scale is  i. 

For example, from Table 13, the 

i-species is Pb f o r  sample Ml-PV-301- 

DS-1, giving Ms L 0.00018; Fe f o r  

sample Ml-V4-2, giving Ms zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 0.0011; 

and S i  f o r  the remainder of the 

samples, g iv ing Ms 5 0.0010-0.0014. 

Copper and aluminum were not used 

because of t h e i r  low concentrat ion 

i n  the brine. Obviously, lead i n  the 

absence of s u f f i c i e n t  su l f i de ,  or 

undersaturated si l ica, o r  any other  

species does not, and w i l l  not 

p r e c i p i t a t e  completely t o  form a unique 

scale. The scale mass which adheres 

t o  GLEF equipment and piping is but  

rac t ion  of the suspended 

s o l i d s  and a minute f rac t i on  of what 

i s  ava i lab le  i n  the  br ine.  

The bulk of these suspended 

so l i ds  is re in jec ted .  

d i s t r i bu t i on  of spec i f i c  spec ies 

i n  t h e  deposited scales and i n  the  

so l i d  p rec ip i t a tes  with respect  t o  t h e i r  

pos i t ion i n  t h e  GLEF is d i f f i c u l t  

t o  determine even under uniform 

sca l ing  condit ions. With a prolonged 

and steady period of operat ion we w i l l  

be i n  a b e t t e r  pos i t ion  t o  state 

the  rate of scale production, the  scale 

composition, quant i ta t i ve ly ,  and the  

temperature and pressure re la t ionsh ips  

associated with the  pr inc ipa l  sca l ing  

phases. 

The ac tua l  mass 

Effect  of Scaling on GLEF Operation 

Over t h i s  r e l a t i v e l y  shork 

period of operat ion,  there  w e r e  

inc idents  of valve malfunctions 

and drainage problems i n  some of the 

components. Although i t  i s  d i f f i c u l t  

t o  i s o l a t e  the exact causes of these 

problems, there  is l i t t le doubt t h a t  

some were , re la ted  t o  sca l ing  and 

so l i ds  deposi t ion.  There were cases 

of pump-intake screens being obstructed 

by a combination of debr is  and 

corrosion products and, later, 

s i l i ceous  so l i ds .  The screens were 

eventual ly removed s ince  the  s o f t  

-27- 



s i l i ceous  so l i ds  do no harm t o  the  

pumps. Downstream of t h e  f i r s t - s tage  

contro l  valve,  rapid eros ion of p ipe 

elbows occurred u n t i l  a piping 

modif icat ion w a s  made. Relocation of 

t h e  cont ro l  valve t o  a po in t  down- 

stream of t h e  elbow and a piping 

increase from 6 t o  16 in.  immediately 

downstream of t h e  cont ro l  valve have 

el iminated t h i s  problem f o r  t he  

present.  Details of the  materials 

problems are discussed by Goldberg. 
7 

Sol ids were re in jec ted  i n t o  the  

formation a t  Magmamax zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANo. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3.  The 

e f f e c t s  on formation permeabil i ty 

and/or w e l l  i n t e g r i t y  are undetermined 

but not dismissed. 

Scale Survei l lance through U s e  of 
Radiographs 

Radiography i s  a completely 

ex te rna l  means of scale surve i l lance.  

I n te rna l  methods such as probes, 

depth gauges, etc., would i n  them- 

selves promote l o c a l  sca l ing  and 

not give a t r u e  scal ing rate on GLEF 

piping and components. 

A 1.2-MeV, 1 5 - C i  cobalt-60 source 

w a s  used a f t e r  i t  w a s  found t h a t  a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.4- 

MeV iridium-192 source d id  not provide 

s u f f i c i e n t  penetrat ion.  The pr inc ip le  

is qu i te  simple. 

f i lm p l a t e  are posi t ioned on opposi te 

s ides  of t h e  subject .  The d i f ferences 

i n  gamma absorpt iv i ty  of br ine  f l u i d ,  

scale, and steel r e s u l t  i n  s u f f i c i e n t  

The source and a 

cont ras t  t o  produce a radiograph 

from which projected thicknessess 

can be measured. A 12- by 16-in. 

f i lm  p l a t e  is used and is  t he  l im i t ing  

fac to r  i n  subject  s ize .  Source 

s t rength,  exposure t i m e ,  s o l i d  source 

angle, f i lm  and source pos i t ion,  and 

opaci ty of t he  sub jec t  are a l l  

important f ac to rs  i n  the qua l i t y  of 

t h e  radiograph. I n  general ,  scale 

deposi t ion on t h e  i ns ide  w a l l s  of 

pipes, f i t t i n g s ,  and s ta t ionary  valves 

can be viewed radiographical ly wi th 

approximately 1-mm resolut ion.  

Figure 1 6  is a radiograph reproduction 

of a 10-in. p ipe downstream of the  rein- 

j e c t i o n  pump. Scale th ickness as 

determined from t h i s  radiograph w a s  

7 mm. Table 1 4  l ists t he  scale thick- 

ness a t  var ious loca t ions  i n  t h e  

GLEF as determined by radiographs 

taken a t  t he  end of t he  f i r s t  

operat ional  phase. Also l i s t e d  are 

the  measured values of th ickness 

determined from scale samples o r  i n  

p lan t  measurements at  o r  near the  

radiographic site. 

These r e s u l t s  show t h a t  radio- 

graphy is a r e l i a b l e  method f o r  in- 

process surve i l lance of scale buildup 

i n  fu l l - s i ze  pipes. The a b i l i t y  t o  

monitor scale buildup during p lan t  

operat ion i s  important i n  enhancing 

the  operator 's  a b i l i t y  t o  assess 

scale-related problems and, i f  neces- 

sary,  i n  sa fe l y  c u r t a i l i n g  operat ion.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Fig. 16. Reproduction of radiograph of a v e r t i c a l  10-in. diameter pipe sec t ion  
downstream of a re in jec t i on  pump, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGLEF. Inner scale layer  is observable. 

Possibilities f o r  Scale Control by s o l i d  material from the  br ine.  These 
Brine Modif icat ion i n  the  GLEF 

suspended so l ids ,  some of which or ig i -  

Scal ing i n  geothermal process na te  as soon as t he  br ine  is  f lashed 

i n  the  production casing, are t he  equipment and piping is a c ruc ia l  

problem i n  long-term operat ion.  

Formation of suspended s o l i d s  and 

adherent scale could d r a s t i c a l l y  reduce 

process e f f i c iency  and eventual ly 

c u r t a i l  operation. The process con- 

d i t i o n s  whereby the  b r ine  is  f lashed 

successively i n  lower temperature and 

pressure s teps  are extremely favorable 

i n  promoting the  p rec ip i t a t i on  of 

source of scal ing,  s o l i d s  buildup, 

equipment erosion, and po ten t i a l  damage 

t o  the  formation when re in jec ted  

with the  br ine.  

There is evidence t h a t  chemical 

modif icat ion of t h e  br ine  could alter 

the  nucleat ion and prec ip i ta t ion  

of so l i ds  and hence may be a means of 

cont ro l l ing,  i f  not preventing, the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Table 14. Scale thickness as determined by radiographic technique, GLEF, 
May-June, 1976. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¶ 

Actual scale thickness i n  
v i c i n i t y  of radiographic Scale thickness by 

GLEF l oca t ion  radiograph, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmm site, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmi 

Output b r i n e  pipe, 
f i r s t - s t a g e  separator  

Output b r i ne  pipe, 
second-stage separator  

2 1- 3 

1-3 

Downstream piping, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 1-3 second-stage cont ro l  valve 

Output b r i ne  p ipe 
fourth-stage separator  15 16-17 

Downstream piping, 
re in jec t i on  pump 

Downstream piping, fourth- 
s tage  cont ro l  valve 

Downstream piping, b r i ne  
level cont ro l  valve, 
re in jec t i on  pump 

Piping j u s t  upstream of 
re in jec t i on  wellhead 
Magmamax No. 3 

Piping near production 
wellhead, Magmamax No. 1 

Upstream pipe elbow, f i r s t -  
s tage cont ro l  valve 

7 

1 

10 

12-16 

. <1 

12-16 

<1 <1 

2 no t  measured 

<1 
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problems associated with sca l ing  and 

s o l i d s  formation during energy 

ex t rac t ion  from the  br ine.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA899 

Analysis of sca les  produced by 

high-temperature and high-sal ine 

br ines  found i n  the  Imperial Valley 

show pr inc ipa l  cons t i tuents  t o  be 

heavy metal su l f i des  and an iron-r ich 

amorphous si l ica. The s o l u b i l i t y  of 

both phases is temperature-dependent, 

and, i n  addi t ion,  s i l ica s o l u b i l i t y  

is st rongly  pH-dependent zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. Further- 

more, there is evidence t h a t  the r a t e  

of s i l i c a  deposi t ion as a sca le  con- 

s t i t u e n t  is dependent on the degree of 

polymerization of monomeric s i l i c a  and 

tha t  the rate of polymerization is 
a l s o  pH-dependent.8 F ie ld  tests 10 

have ve r i f i ed  t h a t  b r ine  a c i d i f i c a t i o n  

t o  a pH of 5 or  less w i l l  prevent 

s o l i d s  and scale formation i n  t he  

br ine  during cooling. Chemical 

addi t ions t o  modify the  b r ine  could 

be appl icable i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthe GLEF process. 

Prec ise ly  which modifying chemical 

o r  chemicals would be most e f fec t i ve ,  

how the  add i t ion  would be accomplished, 

and what extraneous e f f e c t s  may r e s u l t  

-31- 

(e.g., aggravated corrosion o r  

re in jec t i on  problems) w i l l  need t o  

be answered by tests i n  t h e  f i e l d  

using properly scaled equipment 

analogous t o  those used i n  the GLEF. 

Prel iminary design of equipment 

f o r  such tests is i n  progress. 

w i l l  cons is t  of a s ing le- f lash s tage 

t o  operate i n  series w i t h  t he  ex i s t i ng  

LLL test facility.' ' There w i l l  be 

appropr iate valv ing and contro ls  t o  

enable se lec t i on  of operat ing tempera- 

tu res  and pressures.  Chemical feed 

system, instrumentation, sampling 

por ts ,  corrosion spools, and other  

test sec t ions  w i l l  be included. With 

t h i s  system we w i l l  be ab le  t o  conduct 

cont ro l led brine-modif icat ion tests on 

ac tua l  b r ine  under real ist ic process 

condi t ions.  The r e s u l t s  of these 

small-scale tests w i l l  give us a f i rm 

bas is  on which t o  evaluate the  

ef fect iveness of brine-modification as 

a means of cont ro l l ing  o r  preventing 

It 

, 

so l i ds  and scale-formation i n  a process 

such as the  GLEF, and w i l l  a l s o  provide 

valuable material and engineering 

design data.  
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