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AB ST RACT 

A survey is  made of commercially available methods currently i n  use 

as well as those which might  be used to  prevent scaling and corrosion i n  

geothermal brines. More emphasis is placed on scaling. Treatments are 

classified as inh ib i tors ,  alterants and 

control scaling and corrosion i n  fresh and waste geothermal brines. 

Recommendations for  research i n  brine treatment are described. 
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Introduction ' 

During the past ten years much progress has been made i n  the United 

States t o  develop geothermal energy and t o  construct power plants. Cur- 

rent electrical  power produced i s  608 Me a t  the Geysers i n  California, / 
which obtains steam t o  dr ive turbines from steam wells. However, the 

major new sources of geothermal energy i n  the next decade are expected t o  

be hot brine systems located i n  the western United States. A problem i n  

uti l izing these hot water resources is the dissolved gases and minerals 

which cause scaling and corrosion of wells, piping,  heat exchangers and 

other components of the power p lan t  (Ref. 1). 

Methods for  treating brines to  control scaling and corrosion i n  pro- 

duction and injection wells, and w i t h i n  the power plant, are needed to: 

(1) permit uti l ization of s i t e s  w i t h  h i g h  scaling potential such as the 

Salton Sea which conta ns as much as 30,000 ppm total dissolved solids, 

and (2)  lower the cost of maintenance of power plafits by reducing the 

rate  of corrosion and formation of scale a t  each site.. 

The control of scale formation and corrosion has a long history of 

careful empirical testing, research and maintenance. Scale is  typically 

removed by scraping and reaming; often acid is added prior t o  scraping and 

the products removed by washing w i t h  water. These are effective methods for  

removing scales once they have formed (Ref. 2) .  

Currently used methods to  control scaling i n  geothermal plants are 

centered around mechanical means such as wire brushes t o  remove scale from 

pipes and acidizing o r  reaming of wells. Scale removal is considered as a 

maintenance problem and scheduled as needed. 
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Since about 1950, res ch has been i n  progress i n  the o i l f i e l d  and 

5 b o i l e r  water areas t o  develop means t o  control  scale and corrosion by 

adding chemical substances. Treatment methods are devised f o r  both the 

f resh f l u i d  (e.g., water, p 

generation o r  re f in ing;  and f o r  

c 

leum) p r i o r  t o  use f o r  example i n  power 

e spent brines p r i o r  t o  i n j e c t i o n  i n t o  

the ground o r  other method o f  disposal. The treatment methodology o f  geo- 

thermal br ines pa ra l l e l s  t h a t  f o r  o i l f i e l d  and other brines, and those 

port ions t h a t  appear relevant 

The increasing avai l a b i  1 i 

included here. 

basic data f o r  s o l u b i l i t y  and k ine t i cs  

o f  corrosion and scal ing p 

methods, has made i t  possib 

lems. The computer ca lcu l  d on s o l u b i l i t y  and equi l ibr ium 

data f o r  mineral solut ions tances, as wel l  as flow rates and 

temperatures. 

e l l  as the development of computer 

increasingly complex scal ing prob- 

Treatment methods t o  a1 and other scal ing can be clas- 

s i f i e d  i n  a number o f  ways. onvenient t o  separate them as follows: 

(1) inh ib i t o rs ,  (2) a l t  ) coagulants. I n h i b i t o r s  are substances 

added t o  br ines usual 

are general ly added t 

o re ta rd  the gro 

Al terants are a 

resu l t i ng  change examples are the add - 
h l o r i c  ac id  t o  l o  moval o f  metals by 

class covers coa nd f locculants  which ed t o  remove 

es o r  suspende 

3 

; they are general ly 

waters as a pretreatment me o r  t o  disposal, f o r  exam 

Table I l i s t s  these three classes o f  methods commonly used t o  t r e a t  geothermal 
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and other waters. 

I t  is not possible to  cover both scaling and corrosion i n  detail for 

this report. Although emphasis here is on geothermal scaling, research i n  

other areas such as oi l f ie ld  scaling which might be applicable t o  the control .L 

of geothermal scale formation is also included. Information on geothermal 

and other corrosion can be found i n  A Study of Brine Treatment (Ref. 2) , 
Underground Waste Management and Environmental Imp1 ications (Ref. 3) 

Corrosion Inhibitors (Ref. 4),  Salt  Water Disposal (Ref. 5) ,  Brine Disposal 

Treatment Practices Relating to  the O i l  Production Industry (Ref. 6), 

Scale Prediction i n  Geothermal Operations (Ref. 7) , Brine Chemistry and 

Combined Heat/Mass Transfer (Ref. 8), Water Quality and Treatment (Ref. 9), 

and Conference on Scale Management i n  Geothermal Energy Development (Ref. 10). 

In this report, we cover scale formation and treatment for both the 

fresh brine from production wells which is  flashed t o  steam and used t o  

drive a turbine, and for the spent f l u i d  which is treated prior t o  d isposa l ,  

for example, via injection wells. More emphasis is placed on treatment of 

fresh f l u i d s  where the current s ta te  of the a r t  is  not as well developed 

as that for  spent brines. 
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f 

Ge Scale 

Scale format i  geothermal hot water systems, and ar ises 

from deposition an b l e  o r  suspended const i tuents such as 

and other components o f  power plants. 

The need t o  contro l  scal ing s 

and'clogging o f  wel ls  and p 

the e f f i c i ency  o f  turbines 

and rendering instruments inoperative; The second probl 

o f  m e t a l l i c  co t a c t  w i th  the hot  

from three major concerns: 

ansporting the b r i  

t exchangers, and 

(1) plugging 

(2) decrease i n  

br ines contain dissolved ga 

generally more corros iv  e r i a l s  o f  construction than other  environ- 

sa l ts ,  f o r  example C02, H2S, NaCl , t h a t  are 
I 

o power production. 

Table I1 shows t h a t  the t s  commonly found i n  geothermal 

systems are s i l i c a t e  , carbona su l f ide.  Depending on the power p lan t  

locat ion,  the source o f  the s f resh  brine, f lashed s.te 

brine, o r  spent f l u i d  conde . The composition o f  t yp i ca l  br ines i s  

shown i n  Table 111. 
\ 

i n g  geothermal ed 

arge se lect ton atment addi t i 
II 

mat and disposal ect ion o f  an op 

ined needs o f  

low r a t e  o f  t 
E 

ompati b i  1 i ty 

wel l  and receiv ing formation and t o  prevent undesirable po l lu tan ts  (e.g., 

boron, arsenic) from mixing w i t h  surface waters. Besides these, large 
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quant i t ies  of b r ine  and so l ids such as sludge must be t reated and disposed. 

The developer needs t o  consider t h a t  i n  treatment systems the follow- 

. ing basic functions must be provided: chemical analysis, holding tanks, 

coagulants and f i l t e r s ,  pumps, and associated piping. Each funct ion i s  

important and the en t i re  treatment system must be considered i n  order 

t o  rea l i ze  the f u l l  operation capab i l i t ies  o f  the system. The discussion 

which fol lows app1,ies mainly t o  the step i n  which material,  e.g., i n h i b i t o r  

o r  coagulant, i s  added t o  the brine. 

Besides the addi t ion step, a system w i l l  need one o r  more o f  the 

fo l lowing components: sample methods f o r  f resh and spent brine; samples 

o f  steam and condensate; pipes t o  carry  the i n h i b i t o r  o r  a l terant ;  mixing 

and storage tanks; coagulation and sedimentation f a c i l i t i e s ;  sludge d is-  

posal s i tes;  pumps f o r  i n j e c t i o n  wel ls and f o r  the addi t ion o f  addit ive; 

instrumentation t o  measure pH and other important parameters; chemical 

analysis o f  the waste br ine and f resh brine; regulatory requirements; data 

on the i n j e c t i o n  (receiving) formation; and f l u i d  f low rates. 

* 

Both the discussion which fol lows and spec i f i c  examples given w i l l  

center around the more important geothermal scale components: 

c a l c i t e  and su l f ide.  Treatment methods covered include those cur ren t ly  

used i n  geothermal plants as wel l  as those commonly used i n  other indust r ies 

s i  1 ica, 

such as those given i n  Water Qual i ty and Treatment (Ref. 9) , Sa l t  Water 

Disposal - East Texas O i l  F i e l d  (Ref. 5), Br ine Disposal Treatment Practices 

Relat ing t o  the O i l  Production Industry (Ref. 6), A Study o f  Br ine Treatment 

(Ref. 2), "An Evaluation o f  Scale Inh ib i t o rs "  (Ref. 11 ) , and "Enhanced-Oi 1 - 
Recovery by In jec t i on  Waters" (Ref. 12). 

t 

4 
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addi t ion o f  i n h i b i t o r s  t o  f resh 

er ro r  basis. Both propr ie tary  and 

other chemicals are screened t rea t i ng  the br ine  and not ing the effect 

on the  thickness o f  the resu l t i ng  scale or change i n  the scale composition 

(Ref. 21,26). The methods commonly used are seeding and scale i nh ib i t o rs .  

Seeding 

The idea o f  seeding i s  t o  t i a t e  p rec ip i t a t i on  of the scale forming 

substance a t  selected places under cont ro l led  conditions, thereby removing 

these components before they can deposit as scale i n  undesired locations. 

I n  t h i s  treatment method 

t o  help c r y s t a l l i z e  the 

seawater (Ref. 14), geoth 

iv ided s o l i d  i s  introduced t o  the br ine  

e r i a l .  The method has been used f o r  

br ines (Ref. 13,15), and i n  basic studies 

on seeding w i t h  CaC03 (Re 

ered i n  f resh 

r i n e  as a means o f  preve i n  process equipment, inc lud ing a 

I 

A t  the Ni land geo 
B 

the  concentration o f  dissolved s i l i c a  measured. Before the addi t ion 
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t 

of sludge, the s i l i c a  was 453 mg/kg; sludge was metered i n  a t  0.3 gpm 

and 0.15 gpm, w i th  s i l i c a  contents i n  the t reated br ine  measured as 431 

and 416 mg/kg respect ively (Ref. 13). 

I n  summary, seeding t o  control  scal ing f rom f resh brines by addi t ion 

of sludge or  l ime has been invest igated a t  East Mesa and Niland. 

I nh ib i t o rs  

As used here, the term i n h i b i t o r  re fe rs  t o  a substance which when 

present a t  ppm concentration leve ls  retards s i g n i f i c a n t l y  the growth o f  

scale o r  formation o f  a prec ip i ta te.  The i n h i b i t o r s  are tested and 

ranked i n  order o f  effectiveness, cost and s t a b i l i t y  a t  high temperatures. 

This tes t i ng  and ranking procedure must be done a t  each s i t e  because the 

br ine  propert ies and f low condit ions vary f o r  each geothermal s i t e .  

The i n h i b i t o r  i s  general ly thought t o  prevent deposits by p re fe ren t i a l l y  

forming a f i l m  on the growing scale crysta l ,  thereby retard ing fu r the r  growth 

o f  the c rys ta l  (Ref. 18). 

phosphate i nh ib i t o rs  which adsorb on the surface. Table I V  l i s t s  commercially 

avai lab le i n h i b i t o r s  which have been used t o  control  scal ing i n  geothermal 

systems, and selected i nh ib i t o rs  appl ied i n  other areas and which appear 

useful i n  geothermal energy u t i l i z a t i o n .  

For example, CaC03 deposit ion i s  prevented by 

Reference 26 contains a l i s t i n g  

o f  over 30 i n h i b i t o r s  tested f o r  t h e i r  effect iveness for  i n h i b i t i n g  the 

p rec ip i t a t i on  o f  s i l i c a  from hypersaline geothermal brines. 

I nh ib i t o rs  o f  the f i l m  type are general ly polyphosphates (e.g., sodium 

pyrophosphate), s a l t s  o f  a c r y l i c  and methacryl i c  acids, and aminoethyl and 

aminoethyl ene phosphonates (Ref. 15). 
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tale i n h i b i t o r s  are c l y  c lass i f ied  as chelat ing agents, 

i b i t o r s  and c d i s t o r t i o n  i n h i b i t o r s  (Ref. 22). Depend- 

and presence 

e f fec t i ve  f o r  preventing s 

bound soluble metal complexes. 

peratures and pressures i s  an important factor .  

ions, chelat ing agents such as EDTA are 

ue t o  Ca and Fe by forming s t rongly  

However, s tab i  1 i ty a t  geothermal tem- 

Threshold i n h i b i t o r s  are chemicals such as phosphonates added t o  the 

treatment water a t  concentrations j u s t  s u f f i c i e n t  t o  re ta rd  scale forma- 

t ion.  They are the most widely used. Crystal d i s t o r t i o n  i n h i b i t o r s  l i m i t  

the s ize  o f  the scale c rys ta ls  t o  produce small pa r t i c l es  which remain 

suspended i n  the water. A 

the growth o f  CaC03 by f 

A1 terants 

i s  the addi t ion o f  Pb++ t o  d i s t o r t  

(Ref. 23). 

I n  the a l te ran t  method o f  scale control ,  a br ine property i s  modified 

by continuous o r  semi-continuous i n j e c t i o n  o f  a selected substance o r  by 

i s  changed from i t s  i n i t i a l  value t o  

w 

. 
f unmodified b . The dissolve 

3 

amorphous s i l i c a  from unmodified br ine  resul ted i n  closure o f  up t o  10% 
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of the cross-sectional areas of nozzle throats. 

ranging in thickness from 0.019 m to 0.04 mm. However, when brine was 

acidified to pH 1.5, 2.3, and 4.0 with HC1, scaling in the nozzles was 

eliminated and substantially reduced on the wearblades. Acidified brine 

effluents remained clear several hours after collection, while the unmodified 

Scale formed on wearblades 

* - 

1 

brine was slightly turbid when collected, with precipitates forming a few 

minutes after samples were taken (Ref. 2). 

Water Dilution 

The addition of water to the fresh fluid was successful in reducing 

silica scaling at Namafjall, Iceland. Before dilution, scale was deposited 

from 95OC water as loose, leaf-like flakes which grew to 15 to 30 m inside 

an 8 inch pipe. The scaling was reduced by mixing unflashed fluid from 

the drillhole to a 35% dilution with cold water at atmospheric pressure. 

Addition of dilution water reduced the silica content of the fresh fluid 

from 347 ppm to 188 ppm (Ref. 2). 

Before relying on dilution to reduce silica precipitation, one needs 

to consider that the diluent must be chemically compatible with the brine. 

For instance, attempts to reduce scaling in the GLEF at Niland by addition 

of steam condensate to the brine actually resulted in higher rates of scale 

and solids formation. This was a result of the high ammonia and carbonate 

content of the condensate and its correspondingly high pH (9-10). The 

problem is that when steam containing noncondensibles is cooled, re- 

distribution of species occurs with most of the amnonia redissolving. 

This raises the pH of the condensate and promotes dissolution of C02 into 

the condensate (Ref. 2). 
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Oxidation and Aeration 

Oxidation o f  s u l f i d e  t o  su l fu r  o r  su l fa te  
5 

has been proposed as a 

means o f  con t ro l l i ng  su l f i de  scale deposit ion (Ref. 2). A problem here 

i s  cool ing o f  the br ine and f o  

(e.g., CaS04) and elemental s fur, which cause erosion of p ip ing and 

plugging o f  i n j e c t i o n  systems Addi t ion of a dispersing agent may be 

t i o n  of insoluble metal sulfates 

needed t o  prevent the so l ids  from s e t t l i n g  out. 

I n  water q u a l i t y  treatment, d i f fused-a i r  aerators are used t o  remove 

gases such as'H2S and C02 and t o  i d i z e  Fet+ and Mn++ t o  

The method u t i l i z e s  i n j e c t i o n  o f  compressed a i r  through a perforated pipe 

o r  s im i la r  system t o  produc ubbles. The C02 i s  exchanged from 

the water phase t 

f o r  H2S removal i s  the low 

can cause formation o f  s u l f  

sul fates as wel l  as corrosio 

S i s  oxidized. An advantage o f  aerat ion 

d i n  aeration. However, aerat ion 

ent deposit ion o f  inso lub le metal 

e in t roduct ion o f  excess dissolved 

Coagulants are ch minum sul fate,  

and sodium alumina waste waters 

a1 o f  geothermal wast 

f the earth t o  p r  

the spent f l u i d  w i th  water t h a t w i l l  be used f o r  i r r i g a t i o n  o r  dr ink ing 
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purposes. An important consideration i n  waste br ine  i n j e c t i o n  i s  pre- 

treatment t o  prevent p rec ip i t a t i on  o r  other reactions between the br ine  

and the i n j e c t i o n  wel l  system which w i l l  cause scale, corrosion or  so l ids 

deposition. 

Laboratory studies are needed f o r  designing a treatment and i n j e c t i o n  

disposal system. The required data include the following: (1) chemical 

composition r>f the brine; (2) pH; (3) scale forming potent ia l ;  (4) compati- 

b i l i t y  o f  the br ine  and water i n  the aquifer; (5) necessary treatment t o  

s t a b i l i z e  the br ine f o r  i n j e c t i o n  i n t o  the desired subsurface formation 

(Ref. 2,5). The laboratory studies should provide data on the kind o f  

treatment needed; an extensive treatment system could requi re the fo l lowing 

steps: 

Treatment Method 

1. Storage o f  spent br ine 

2. Corrosion control  

3. Solids separation 

4. Slime contro l  

5. Oxidation 

6. Aeration 

7. Ion-exchange, adsorption 

Coment 

Open o r  closed storage container 

pH adjustment; i n h i b i t o r s  

Gravity , sedimentation, coagul a t i  on, 
f i 1 t r a t  i on 

Biocide, ch lor ine 

Arsenic removal as As(V) 

Remove C02, H2S t o  reduce corrosion 

Boron control  

= 
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up  t o  several hundred p 27), represents a potential hazard from the 

environmental standpoint. Bor the form of boric acid and i ts  water 

soluble sa l t s  is an essential element i n  the normal growth of a l l  

higher green plants (Ref. 28) 

element nutrients, excessive 

owever, as is the case w i t h  most trace- 

nts become toxic and lead t o  plant death. 

Some boron-sensi t ive plants 

water contain g boron conc 

ops show toxic effects when irrigated w i t h  

ons as low as 1 ppm (Ref 29). 

The development of ec l l y  feasible methods for  removal of boron 

a t  the ppm level from wast - industrial, agricultural and geo- 

is st i l l  i n  pro Re ) *  Various approaches have been 

employed w i t h  varying degr uccess as outlined below. 

Adsorption of boric ted aluminum oxide an 

sites i n  clays and cla 1s could provide an effective 

for  boron removal tain circumstan 

i.e., those involving lime, a1 m hydroxide and iron hydroxide, are 
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ineffective in removing boron (Ref. 31,32). In addition, the conventional 

sedimentation and biological treatment processes employed in sewage treat- 

ment plants have little or no effect on boron levels (Ref. 33). 
a 

Reverse osmosis (through cellulose acetate) would appear to have but 
f 

limited application in the removal of boric acid from waste waters. At an 

operating pressure of 500 psi, only 20-30 percent of the boron in sea water 

is rejected as compared to over 95 percent of the sodium chloride (Ref. 34,35). 

Of the waste water treatment processes, those involving ion-exchange 

resins appear to be the most promising (Ref. 36,37). It is recognized, of 

course, that the complete de-ionization of water by strongly basic ion- 

exchange resins such as Amberlite IRA-400 and Dowex 2, does not represent 

an economical approach for removal of boron from waters containing appreciable 

concentrations of other exchangeable anions such as chloride ion. However, 

the strongly basic resins might be employed economically in the removal of 

boron from geothermal steam condensates which are relatively low in total 

salinity. Similarly, the Amberlite IRA-400 and Dowex 2 resins could be 

used in the removal of boron from brackish waters previously treated by 

one or more reverse-osmosis cycles. 

However, it appears that the most direct and economical method for 

removal of boron from geothermal brines may be the use of the recently 

developed boron-specific resin, Amberlite XE-243 (Ref. 37,39). This is 

a crosslinked microreticular gel-type polymer derived from the amination 

of chloro methylated styrene-divinyl benzene with N-methylglucamine. The 

resin exhibits equilibrium boron capacities in the range 5mgB/gm with 

good hydrodynamic properties and chemical stability. The boron selectivity 
/ 
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of Amberlite XE-243 is not affected by high concentrations of various other 

salts including sodium chloride. It has been estimated that over-all costs 

for the lowering of boron concentrations from 10 ppm to 1 ppm in irrigation 

waters would be below $0.03 

the appl icabi 1 i ty of Amber1 ite XE-243 in the deboronation of geothermal 

sand gallons. An extensive study of 

brines appears warranted. 
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Corrosion 

The treatment methods currently i n  use or which migh t  be useful i n  

control1 i n g  geothermal corrosion generally fa1 1 into one of two categories: 

(1) removal of brine constituents which cause corrosion, and (2) develop- 

ment of corrosion-resistant materials. 

Corrosion rates i n  geothermal f l u i d s  which are complex solutions con- 

taining many different chemical species are dependent primarily on the 

following most significant species: H+, 'cI-, H ~ S ,  C O ~ ,  CO;, HCO~, 

NH3 and SO;;. Other less common or aggressive chemical species which can 

also produce corrosive effects i n  some geothermal f l u i d s  are : 

metals, B and 02. 

ions can also be corrosive. See Table I11 (Ref.40). 

- 
F-, heavy 

In addition, the presence of heavy or transition metal 

Aeration, a process used i n  "open-type" systems, involves a mass 

transfer between the water and gas phases t o  speed up the removal of 

acidic gases (e.g., H2S and C02), by producing a large contact surface area 

between a i r  and water. Typical aeration equipment include cooling towers, 

spray nozzles, and forced draft  blowers. 

Chemical degasification is used t o  remove oxygen selectively from 

the water by adding a chemical such as sodium su l f i t e  or  hydrazine t o  

remove O2 from oi l f ie ld  brines and boiler feed water. Sodium su l f i t e  

(10 ppm Na2S03 per 1 ppm 02) was added t o  the 86°C water i n  the Reykjavik 

Municipal Heating System, Iceland, t o  reduce oxygen and thereby control 

internal corrosion of metals i n  the heating systems (Ref. 40). 

Current methods of corrosion control are centered around planned re- 

placement of tu rb ine  blades, piping and other plant components and the 
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* 

development of materials with improved corrosion resistance. Table VI1 

presents a l i s t  of materials testkd for their performance in liquid 

dominated resources. The reader i s  referred t o  Ref. 25 and 41 for a 

thorough review of corrosion resistance of various metals and a1 loys in 

hot brines. 
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Computer-Assisted Calculations of Scaling Rates 

Computer assisted calculations are finding increased use to the * 

prediction of scaling and corrosion. A great advantage is the ability 

to simulate the effects of changes in brine variables such as temperature 

and composition, and the likely result on scaling and corrosion. 

I 

See 

Table VIII. 

The need is to estimate scaling and corrosion rates at various points 

in a power plant. 

the code provides the following: flow rate, temperature, velocity at 

points from bottom o f  production well through the plant to the waste in- 

jection system (Ref.. 8,19,24). 

Input data is based on brine chemistry and flow, and 

Valid analytical expressions and supporting rate data are needed to 

calculate scaling. The general approach to scaling rate is to equate the 

rate of buildup to the degree of insolubility or supersaturation of a 

mineral minus the rate of mechanical removal. 

GEOTHERM computer code calculates the degree of mineral precipitation 

from the temperature, volume, composition, pH, and gas content of the 

brine (Ref. 8). 

For example, the EQUILIB 
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Summary and Conclusions 

In summary, currently used methods t o  control scaling i n  geothermal 

plants are mainly centered a r  

t o  remove scale from pipe 

removal can be considered as a maintenance problem, and scheduled as 

chanical means such as wire brushes 

cidizing or  reaming of wells. Scale 

needed. A research and devel 

formation of scale might  incl 

1. Control of calci te  formation i n  production wells by maintaining 

the downhole of C02 by flashing. Main- 

taining the pressur 

and prevents form oluble calcium carbonate. Development 

o f  downhole p 

C02 dissolved i n  the brine as bicarbonate 

2. Test equipment is  nee data on methods t o  

control geothermal sca 

various come 

mple, evaluation of 

t should preferably be 

convenient for use a t  t bench and provide t e s t  results 

avai 1 ab1 e. 



4. 

5. 

6. 

7. 

8.  
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Scale i n h i b i t o r s  specifically designed and developed f o r  geothermal 

applications are needed. These should be tested for possible use a t  

each location because brine composition and flow rates can vary from 

site t o  s i te .  A program is i n  progress to  evaluate commercially 

available scale i n h i b i t o r s  which have been developed mainly for  

non-geothermal f l u i d s .  

Studies on the adhesion of geothermal scales could provide information 

on methods to  prevent scales from depositing onto pipes, turbines, 

instruments and other equipment. 

A database containing data on the ra te  of formation of scale substances, 

e.g., Sb2S3, As4S3, CaC03, Si02, FeS, would be valuable for  predicting 

the likelihood of scale formation. The data is needed f o r  incorpora- 

t i o n  into exis t ing computer data bases which currently contain mainly 

equil i brium values. 

Instrumentation is needed to  monitor geothermal plant parameters i n  

situ t o  measure scale build-up. The instruments should be rugged and 

able to  function i n  a h i g h  temperature environment; self-cleaning 

features t o  remove scale or the ab i l i ty  t o  measure w i t h o u t  being i n  

contact w i t h  the brine are desirable features. Instruments of this 

type are available for monitoring waste-waters a t  low temperatures. 

Treatment methods are needed t o  remove selected constituents such 0 

as boron from waste fluids which are not removed by conventional 

methods, for  example, by holding tanks and coagulants, and to  hasten 
v 

precipitation of s i l i ca .  In the l a t t e r  case, seeding w i t h  brine solids 

is  being studied. 
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Table I. Typical treatment methods to prevent scaling of fresh and spent 
geothermal and other brines. 

Prevents or Controls 

ds 

calcite 
silica scale; mixed scales 
silica; corrosion 
si 1 i ca deposi ti on; corrosi on 
silica; corrosion 
si1 ica; corrosion 
si1 ica; corrosion 
calcite 
calcite 
calcite 
calcite 
scales 

Inhibitors 

Lime slurry 
Phosphonate t polymer 
Ethylene Oxide Polymer 
Hydroxethylcel lulose 
Low molecular weight carboxylic 
Ami ne 
S1 udge 
Phosphoric acid 
Polymeric carboxylic acid 

Dispersant (highly carboxylat 
Phosphate + sand 
Solutions of amines, amides, carboxylic aci 
Molybdate 

A1 terants 
Hydrochloric acid silica; calcite 

Fresh water di 1 uent : 
Heavy diesel oil C02 pressure calcite 
Temperature silica; calcite 
Air, oxygen H2S, Mnttr Fe++ 
Chlorine HzS, biogrowth 

Hydrogen peroxide; nitric acid H2S 
silica 
silica; FeS; borate 

dissolved metals; borate 

Anionic polyelectrolyte 
Slaked lime t hypochlorite 
Aluminum sulfate; ferrous s 
Cellulose xanthate 

ic 
suspended sol ids; col loids 

core piping 
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Table 11. Scale compositions commonly found i n  selected geothermal sites. 

Major Components, %w 

Fe Other Si te  CaC03 CaO Si02 S s04 

Matsukawa 
Well No. 1 -- 

-- (PH5.0) 

(PH7.5) 
Well No. 2 

Power Plant 
Generator -- 

0.30 17.75 

0.59 90.45 

1 .5-1.7 59-61 

3.20 40.84 

-- 2.25 

0.05-53 10.2- 

Control Valve -- 
Ejector -- 

Cerro Prieto 
Wel.1 Casing, M-5 1.5 
Well Casing, M-7 93.0 
Production Pipe, 
M- 9 75.56 

Ota ke 
Disposal Pipe: 
Entrance -- 
3863m from 
Entrance -- 

East Mesa 
Well 38-30 Major 
Vertical Tube 
Evaporator Major 

Sal ton Sea/Ni land 
Tef 1 on Coupon -- 

Heber 
Heat Exchanger, 
Steel -- 
Heat Exchanger, 
T i  taniurn -- 

Lardarel l o  
Turbine Pres en t 

Hveragerdi and 
Namaf j a l  1 

Heat Exchanger -- 

44.4- 

40.6 
69.28 

15.1 
1.8 

12.51 

78.45 

93.25 

-- 
-- 

83 

-- 
-- 

-- 

61 -73 

A1 - 
12.20 0.83 

0.35 0.84 

3.8-46.9 -- 
1.00-2.01 -- 

FeS 
83.4 
1.2 

9.46 

- 

Fe203 
3.22 

0.15 

Ca 
0.45 
- 

Si 
1-21 
- 

1-11 

FeS 
Present 
- 

Fe203 
0.3-4 



Salton Sea, Ca. 250 5.2 115,000 1,000 10-30 
(bore-hol e )  

300 

41 

13  

0.1 

-- 

3 

2 

500 120,000- 20 unflashed 
well-head f l u i d  250,000 

3,000 330 

-- 14,000 

20 unflashed 
well-head f l u i d  

152 u n f l  ashed 
we1 1 -head 

96 unflashed 
well-head f l u i d  I 

.59 f lashed f l u i d  -- 

-- 
h) -- VI 

89 f lashed f l u i d  329 1,200, 

61 unflashed f l u i d  -- '1,204- 
3,360 
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Table IV. Typical commercially available scale inhibitors for geothermal 
and other waters. 

Manufacturer Inhibitor Comment 

American Can Co. 

American Hoechst 

Dow Chemical Co. 

Union Carbide Corp. 

A.E. Staley 

Air Products 

E.I. DuPont 

Drew Chemical Corp. 
Calgon Corp. 

Monsanto Chemical Co. 

Hercules, Inc. 

Dearborn Chemical Corp. 

Calgon Corp. 

Drew Chemical Corp. 

Betz Laboratories 

Far-Best Corp. 

C-E Natko 

Southwest Specialty Chemicals 

Champion Chemicals 

National Starch & Chemical 
Magma Corp. (Aquaness Div. ) 

Wright Chemical Corp. 
CIBA-GEIGY 

Marasperse N-3 

Tylose MHB 

XFS-43075 

Cellosize QP-09-L; Carbowax 350 

Starpol 100 

Surfynol 485 

Zonyl FSN, FSB 

Drewplex 502 
Calgon CL-77W 
Cal gon SL-500 

Dequest 2060 
(diethyl enetri amine-penta- 
methylenephosphoric acid) 

Natrosol 250LR (hydroxy- 
ethyl cel l u l  ose) 

Geomate 256 (phosphonate + 
polymer); Geomate 259 

CL-165 (polymer mixture) 

Drewsperse 747 (phosphcnate + 

Betz 419 (phosphonate + acrylic 

Thennosol APS (polyal kyl- 

S-404 (organic polymer) 

SC-210 (low molecular weight 

Cortron R-16 ( f i l m i n g  amine) 

PO 1 ymer 1 
polymer) ; Polysperse P1 us 

phosphona t e )  

carboxylic acid) 

Versa-TL3 
Calnox Polyacrylates (214DN) 

Molybdate base 
Belgard EV (polymeric 
carboxylic acid) 

Cell u l  ose compound 

Cellulose compound 

Hydroxyethyl cell ulose; 
ethylene oxide polymer 

Substituted starch 

Acetylenic glycol 

F1 uor i na ted surf actants 

Tested a t  East Mesa 
Tested a t  East Mesa 
Chelating type, tested 

Tested a t  East Mesa 
a t  East Mesa 

t 

d 

Tested a t  Salton 
Sea - Niland 

Tested a t  Salton 
Sea - Niland 

Tested a t  Sal ton 
Sea - Niland 

Tested a t  Salton 
Sea - Niland 

Tested a t  Salton 
Sea - Niland 

Tested a t  Salton 
Sea - Niland 

Tested a t  Salton 
Sea - Niland 

Tested a t  Salton 
Sea - Niland e 

Tested a t  Salton 
Sea - Niland 

Used iru boilers 
Carbonate and sulfate 

scale control 
Scale control 
Seawater 

-7 
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Table IV. Typical commercially available scale inhibitors far geothermal 
and other waters. (continued) 

Manufacturer Inhibitor Comment 

Allied Colloids, Inc. 
(General Industries Div. ) 
Hercules, Inc. - additive 
Colloid-A-Tron, Inc. Col 1 oi d-A-Tron 

Petrol ite Corp. (Tetra1 ite 

Nalco Chemical NALCOOL 

Oakite Products, Inc. Enprox 

To1 sperse 133 
Division) 

Devel oped for boi 1 ers 

Prevents CaC03 

Piping which contains 
metallic core to pre- 
vent scal ing/corrosion 

Organic pol yphosphonate 

and evaporators 

Dispersive corrosion 

Non-chromated inhib- 
inhibitor 

itors for scale and 
corrosion 
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Table V. Selected commercially available alterants. 

f 

Manufacturer A1 terant Comment 

FMC Corp. Hydrogen peroxide, oxygen 

Pentech Div. (Houdaille JAC oxydi tch systems Aerator system 

Permutit Air system Aeration 

Wallace and Tiernan Chl or i nation 
(Pennwal t Corp. ) 

Capital Controls Co. Chlorination 
(Dart Industries) 

IMC Chemical Group AMP-95 Neutralizing amine 

C-E Bauer (Combustion Airpact a i r  diffusers Aerator system 

Xodar Corp. 360 system Aerator 

Rohm and Haas 

6 

Industries, Inc.) 

for C02 

Engineering, Inc.) 

Ion exchange Me ta 1 s remova 1 

Various Manufacturers 

DuPont Co. 

Ionac Chemical Co. 

Dow Chemical Co. 

Hydrochloric acid Reduced scale a t  

TYSUL WW, hydrogen 
peroxide 

Ion exchange 

Ion exchange 

Salton Sea 



* 
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Table VI. Selecte available coagulants and flocculants. 

Allied Colloids Per 26 (anionic 
hi g ecul ar weight 
polymer bead) 

polymers 
Hercul es Inc. Hercofloc organic 

ARRO Laboratories, Inc. ARRO-CX (cell ulose 
te 

Petrol i te Corp. Tolfloc 352; 300 

Narvon Mining 

Systems Ca. 

Oaki te Products Inc. 

Dow Chemical Puri 

F1 occul ant 

F1 occulant for suspended 
sol ids 

Removes heavy metals 

Floccul ant; cationic 
pol ye1 ectrolyte 

F1 occul ant 

Polyelectrolyte flocculant 

El ectrocoagul at1 on 

High .molecular weight 
cationic f 1 occul ant 

For coagu 1 at i on 
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Table VII. Commonly used methods for controlling corrosion. 

Site Method Comment 
Raft River, Well No. 1 Materials evaluation: bronzes Major brine constituents 0 

brasses, stainless steels, for corrosion: C1 ,HC03, 
nickel-based a1 1 oys , cobal t- 
based alloys and titanium Mg ,Si0 9 

had lowest corrosion rates 

C03 ,S ,C02 ,H2S, Fe ,Ca , 

Salton Sea, Magmamax No. 1 Materials testing: low Cr-Mo 
steels had lowest rate 

Desal ination Deaeration, pH control , poly- Chromate and phosphate 
phosphate addition, mate- 
rials (titanium, polymers) 

mixture of dispersants , 
antioxidants, corrosion 
inhibitor 

mixtures promi sing 

Oilfield Fouling Antifoulants composed of See reference 4 for 
detailed discussion 

Pre-Krete 6-8 and C-17 blocks Available from Pocono 
Fabricators (Patterson- 
Kelley Co.) 

*East Mesa 

*Heber 

Mater soluble Molybdates 

61 mpy corrosion for AlSl 
type 302, type 430, 
Hastelloy S, titanium 

51 mpy corrosion for AlSl 
316L, titanium, Hastelloy G, 
Inconel 625 

C1 imax Molybdenum Co. 

Data for wellhead fluid 

Data for wellhead fluid 

*Baca Location No. 1 Materials testing: 51.0 mpy Data for flashed wellhead 
for AlSl type 316 Carpenter 
20Cb3, Carpenter 7Mo, Inconel 
600, Incoloy 825, titanium; 
>lo mpy for carbon steel 

fluids 

*See Reference 25 for additional data. 
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Tab1 e VI 1'1 i Selected eothermal and other waters. 

Code Comment 

Pred i c ti on of su 1 f i de-s i 1 i cate 
precipitation from Salton Sea brine 

Predict control o f  scale formation 
on adding acid; equilibriu 

EQUI LIB 

' formation 

FLOSCAL Kinetics of scaling 
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