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ABSTRACT

A survey is made ofvcommercia11y available methods currently in use
as well as those which might be used to prevent scaling and corroéion in
geothermal brines. More emphasis is placed on scaling. Treatments are
classified as inhibitors, alterants and coagulants; they are applied to
control scaling and corrosion in fresh and waste geothermal brihes;

Recommendations for research in brine -treatment are described.



Introduction -

'During the past ten years much progress has been made in the United
States to develop geothermal energy and to construct power plants. Cur-
rent electrical power produced is 608 MWe at the Geysers in California, /
which obtaiﬁs steam to drive turbines from steam wells. However, the
major new sources of geothermal energy in the next decade are expected to
be hbt brine systems located in the western United States. A problem in
utilizing these hot water resources is the dissolved gasesAand.minerals
which cause scaling and corrosion of wells, piping, heat exchangers and
. other components of the power plant (Ref. 1).

Methods for treating brines to control scaling and corrosion in pro-
duction and injection wells, and within the power plant, are needed to:
(1) permit utilization of sites with high scaling potential such as the
Salton Sea which contains as much as 30,000 ppm total dissolved solids,
and (2) lower the cdst of maintenance of power plants by reducing the
rate of corrosion and formation of scale at each site.

The control of scale formation and corrosion has a long history of
careful empirical testing, research and maintenance. S;a]e is typically
removed by scraping and reaming; often acid is added prior to scraping and
the products removed by washing with water. These are effective methods for
removing scales once they have formed (Ref. 2),

Currently used methods to éontro] sca]ing in geothermal plants are
centered around mechanical means such as wire brushes to remove scale from
pipes and acidizing or reaming of wells. _Scale removal is considered as a

maintenance problem and scheduled as needed.
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Since about 1950, research has been in progress in the oilfield and

boiler water areas to develop means to control scale and corrosion by

adding chemical substances. Treatment methods are devised for both the -
fresh fluid (e.g,, water, petrpleum) prior to use for example in power

-generation or refining; and for the spent brines prior to injection into

the ground or other methpdrofﬁdtsposal. The treatment methodo]ogyrof geo-
therma].brines para]le]s that fbr oilfie]d and other brines, and those
portions that appear relevant are 1nc1uded here |

The 1ncreas1ng ava11ab1]1ty of bas1c data for so]ub111ty and k1net1cs
of corrosion and scaling parameters, as well as the development of computer
methods,-has made it possib]e'to;eramine increasingly complex sca]ing prob-
lems. The computer ealculations}are:based on solubility-and equi]ibrium
data for»mineral_soiutions and -other substances, as well as flow rates and
temperatures. '7

Treatment methods to control geothermal and other scaling can be clas-

sified in a number of ways. "It is'convenient to separate'tnem as follows:

'(1) ‘inhibitors, (2) alterants, and (3) coagulants. Inhibitors are substances

added to brines usually at the ppm level to retard the growth of scale; they

_ are generally added to the fresh brine. Alterants are added tp—the brine

' rrwith a resulting change inrthe5ehemistry; examples are the addition of

hydroch1or1c acid to Tower the pH and removal of metals by ion- exchange

"The ‘third class covers coagu]ants and flocculants which are added to remove
rprec1p1tates or suspended substances, they are genera]]y added to waste

'waters as a pretreatment method prior to disposal, for example, by 1nJect1on

Table I lists these three classes of methods commonly used to treat geothermal



and other waters. _

It is not possible to cover both scaling and corrosion in detail for
this report. Although emphasis here is on geotﬁermal scaling, research in
other areas such as oilfield scaling which might be applicable to the control
of geothefmal scale formation is alsorincluded. Information on geothermal

and other corrosion can be found in A Study of Brine Treatment (Ref. 2),

Underground Waste Management and Environmental Implications (Ref. 3),

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

Treatment Practices Relating to the 0il1 Production Industry (Ref. 6),

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

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

and Conference on Scale Management in 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 to steam and used to
drive a turbine, and for the spent fluid which is treateq prior to disposal,
for example, via injection wells. More emphasis is placed on treatment of
fresh fluids where the current state of the art is not as well developed

as that for spent brines.
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‘Geothermal Scale

Scale formation is commonrin geothermal hot water systems, and arises
from’deposition and adhesion ofrsolubTe or suspended constituents such as
silica and calcite onto pipes;'naTTS and other components of power plants.
The need to:control scaling stems'from three major concerns: (1) plugging
and&clogging of wells and pipes'transporting the briné, (2) decrease iﬁ

the‘efftciency of turbines and heat exchangers, and (3) freezing of valves

and rendering instruments inoperative. The second problem covered here is

corrosionhof meta]]ic‘components in contact with the hot brine. Geothermal
brines conta1n d1ssolved gases and sa]ts for example C02, HZS NaCl that are
genera]ly more corrosive to mater1a15 of construction than other environ-
ments common to power product1on. 7

Table IT shows that the sca]e”constituents commonly f0und in geothermal
systems areisi]icate . carbonate and sulfide. Depending on the powervplant
location, the source of the scale is fresh brine, flashed steam from the
brlne, or spent fluid condensate The composition of typicaTrbrines'isr

shown in Tab]e 111,

Brine Treatment Systems

- The developers of systems for treat1ng geotherma] br1nes are faced ‘

WTth a Targe selection of possab]ertreatment add1t1ves corrosion-res1stant

smaterialsiand'disposalVoptdons The se]ect1on of an opt1mum treatment '

1method is further compl1cated by the comb1ned needs of preventlng scale

whlle not affect1ng the temperature and f]ow rate of the product1on fluid.
The waste brlnes must be treated for both compat1b111ty w1th the injection
well and receiving formation and to prevent undes1rab1e pollutants (e. g.,

boron, -arsenic) from mixing w1th surface waters. Besides these, large



quantities 6f brine and solids such as sludge must be treated and disposed.
The developer needs to consider that in treatment systems the follow-

-ing basic functions must be provided: chemical analysis, holding tanks,
coagulahts and filters, pumps, and associated piping. Each function is
important and the entire treatment system must be considered in order
to realize the full operation éapabilities‘of the System. The discussion
which follows applies mainly to the step in which material, e.g., inhibitor
or coagulant, is added to the brine. | |

7 Besides the addition step, a system will need one of more of the
following components: sample methods for fresh and spent brine; samples
of steam and condensate; pipes to carry the inhibitor or alterant; mixing
and storage tanks; coagulation and sedimentation facilities; sludge dis-
posal sites; pumps for injection wells and for the addition of addiiive;
instrumentation to measure pH and other important paraméters; chemical
analysis of the waste brine and fresh brine; regulatory requirements; data
on the injection (receiving) formation; and fluid flow rates.

Both the discussion which follows and specific examples given will

center around the more important geothermal scale components: silica,
. calcite and sulfide. Treatment methods covered include those currently
used in geothermal plants as well as those commonly used in other fndustries

such as those given in Water Quality and Treatment (Ref. 9), Salt Water

Disposal - East Texas 0il Field (Ref. 5), Brine Disposal Treatment Practices

Relating to the 0il Production Industry (Ref. 6), A Study of Brine Treatment

(Ref. 2), "An Evaluation of Scale Inhibitors" (Ref. 11), and "Enhanced-0i1-

Recovery by Injection Waters" (Ref. 12).
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‘Scale Inhibitors and Seeding"

Prevention of scale formation by addition of inhibitors to fresh
brines is largely done on a"trial and error basis. ‘Both proprietary and
other chemicals are screened:by treating the brine and noting the effect

on the thickness of thesresultingrscale or change in thersealercomposition

V(Ref. 21,26). The methods commonly used are seeding and scale inhibitors.

: Seeding

Theridea of seeding is torinitiate precipitation of the scale forming
substance at selected places under control]ed conditfons, thereby removing
these components beforeitheyrcan'deposit‘as scale in undesired locations.
In this treatment method,;a,ftnely\divtded solid is introduced to the brine
to help crystallize the solubie materia1. The method nas been used for
seawater (Ref. 14), geotherma] brines (Ref. 13 15), and in basic studies
on seeding with CaC0, (Ref.. 16, J17).

At the East Mesa,area 1nJCa]1fornia,'seeding was -considered in fresh

brine as a means of preventing;sea]ing in process equipment, including a

vertical tube evaporator. The”method invo]ving addition of lime and
magnes1um oxide to- prec1p1tate CaCO3, Mg(OH)2 and s111ca was not Judged

attract1ve because the br1ne temperature would drop and- large amounts of .

rsludge were generated - est1mated at 300 to 600 tons per day for a

1, 000 000 gallon per. day flow rate (Ref 15).

At the N11and geotherma] area, a wet s]udge suspen51on composed of

720% by weight of sediment (ma1n1y silica) from the geotherma] Toop experi-

"menta] facility (GLEF) was metered into the fresh brine at 2]0°C, and

the concentration of dissolved silica measured. Before the addition



of sludge, the siliéa was 453 mg/kg; sludge was metered in at 0.3 gpm
and 0.15 gpm, with silica contents in the treated brine measured as 431
and 416 mg/kg respectively (Ref. 13).

In summary, seeding to control sca]ing'ffom fresh brines by addition
of sludge or lime has been inVestigated'at Eaét Mesa and Niland.
Inhibitors

As used here, the term inhibitor refers to a substance which when
present at ppm concentration levels retards significantly the growth of
scale or formation of a precipitate. The inhibitors are testéd and
ranked in order of effectiveness, cost and stability at high temperatures.
This testing and ranking procedure must be done at each site because the
brine properties and flow conditions vary for each geothermal site.

The inhibitor is generally thought to prevent deposits by preferentially
forming a film on the growing scale crystal, thereby retarding further growth'
of the crystal (Ref. 18). For example, CaCO3 deposition is prevented by
phosphate inhibitors which adsorb on the surface. Table IV lists commercially
available fnhibitoré which have been used to control scaling in geothermal
systems, and selected inhibitors applied in other areas and which appear
useful in geothermal energy utilization. Reference 26 contains a listing
of over 30 inhibitors tested for their effectiveness for inhibiting the
precipitation of silica from hypersaline geothermal brines.

Inhibitors of the film type are generally polyphosphates (e.g., sodium
pyrophosphate), salts of acrylic and methacrylic acids, and aminoethyl and

aminoethylene phosphonates (Ref. 15).

4]
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"Scale inhibitors are commonly classified as chelating agents,

thresholdtinhibitors and crysta1bdistortton inhibitors (Ref.'22). Depend-

ing on the pH,and-presence of anions, chelating agents such as EDTA are
effecttve'for preventing scaleidue to Ca and Fe by forming strongly '
bound soluble metal complexes However, stab111ty at geothermal tem-
peratures and pressures is an 1mportant factor

Thresho]d inhibitors are chemicals such as phosphonates added to the
treatment water at concentrat1ons just sufficient to retard scale forma-
tion. They are the most w1de1y used. Crysta] distortion 1nh1b1tors Timit
the size of the scale crystals to produce small particles which remain
suspended in the water An examp]e is the addition of Pb to distort
the growth of CaCO3 by form1ng PbCO (Ref 23)
Alterants o

In theralterant method'of scale control, a brine'property is modified
by continuous or semi‘continuousrinjection of a'selected supstance or by
mixing Idea]ly, the brine property is changed from 1ts 1n1t1a1 value to

another value where1n the sca1e or corros1on is prevented - Alterants are

: gases, 1iqu1ds change in temperature or pressure, or ion- exchange solids.

See Table V.

' In an experiment at Niland'iHCi injection was found beneficial in

'controll1ng 5111ca scale formatwon u51ng br1ne from Magmamax we]l No. 1.
The pH of unmod1f1ed brine was 5 5 to 5. 8 The d1ssolved sol1ds content B

Vrof the br1ne prior to and after expans1on through nozz]es was ]8 to 22%m.

Nominal sca11ng composed of - copper su1f1de, native s11ver, and iron-rich

amorphous silica from unmodified brine resulted in closure of up to 10%



of the‘crosé-sectional areas of nozzle throats. Scale formed on wearblades
ranging in thickness from 0.019 mm to 0.04 mm. However, when brine was
acidified to pH 1.5, 2.3, and 4.0 with HC1, scaling in fhe'nozzles was
eliminated and substantially-reducéd on the wearblades. Acidified brine

- effluents remained clear several hours after collection, while the unmodified
brine was slightly turbid when éo]lected, with preéipitates forming a few
vminutes 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 95°C water as loose, leaf-1ike flakes which grew to 15 to 30 mm 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 ammonia redissolving.

This raises the pH of the condensate and promotes dissolution of CO2 into

the condensatev(Ref. 2).
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Oxidation and Aeration

Oxidation of sulfide to sd]fur’pr sulfate has been proposed as a
means of controlling su]fidefscale deposition (Ref. 2). A problem here

is cooling of the brine and formation of insoluble metal sulfates

(e.g., Ca504) and elemental sulfur, which cause erosion of piping and

plugging of injection systems. Addition of a dispersing agent may be
needed to prevent the solids from settling out.

In water quality treatment, diffused-air aerators are used.to remove

‘gases such.as’st and 002 and to oxidize Fe't and mn*t to form precipitates.

The method utilizes injectionrof compressed air through a perforated pipe

or similar system to producelfiherbubb1es. ‘The CO, is exchanged from

the water phase to the gaé phase;HZS is oxidized. An‘advantage‘of éeration
for HoS removal is the low cost of air used in aeration. However, aeration
can cause formation of sulfafe‘andsubsequent deposit{on of insoluble metal
sulfates as well as corrosion:ﬁuefto the introduction of excéss dissolved

oxygen.

Coagulants r ;
Coagulants are ChemeaijSHéﬁias aluminum sulfate, ferrbus sulfate

~and sodium aluminate addédxtﬁfwate}sfandJWaste~waters7to speed up the
settling and deposition of stﬁéﬁaéd'solids. Flocculants to aid coagula-
~ tions are often added. The method has been used to treat spent brines

“prior to disposal. See Table VI.

‘The preferred method for disposal of geothermal waste brine is by

rinjection into wells benéath'théisurface of the earth to prevent mixing of

the spent fluid with water that*wi]l be used for irrigation or drinking
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purposes. An important consideration in waste brine injection is pre-
treatment to prevent precipitation or other reactiéns between the brine
and the injection well system which will cause scale, corrosion or solids
déposition.

Laboratory studies are needed for designing a treatment and injection
disposal system. The required data include the following: (1) chemical
composition of the brine; (2) pH; (3) scale forming potential; (4) compati-
bility of the brine and water in the aquifer; (5) necessdry treatment to
stabilize the brine for injection into the desired subsurface formation
(Ref. 2,5). The Taboratory studies shou]dvprovide data on the kind of

treatment needed; an extensive treatment system could require the fo]1owing

steps:

Treatment Method Comment

1. Storage of spent brine Open or closed storage container

2. Corrosion control pH adjustment; inhibitors

3. Solids separation Gravity, sedimentation, coagulation
filtration :

4. Slime control Biocide,'chlorine

5. Oxidation Arsenic removal as As(V)

6. Reration Remove €0,, H,S to reduce corrosion

7. Ion-exchange, adsorption Boron control
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A Specific Example

Treatment Methods for Removal of Boron From Geothermal Brines

The presence of boron ih;geothehmaT'brihesdat*cdncehtrations'ranging
up to several huhdred-ppm‘(RefETZZ), represents a potential hazard from the
environmental standpoint,'”Borohiin'the form of boric acid and its water
soluble salts is an essehtia1ftraee'e1ement'infthe normal growth of all
higher green plants (Ref. 28);ffHoWever, as is the case with most trace-
element nutrients, eXCessive'amounts'hecome'toxic-and lead to plant death.
Some boron-sensitive plants and crops show toxic effects when 1rr1gated with
water containing boron concentrat1ons as low as 1 ppm (Ref 29)."

The development of economjce11y feasible methods for removal of boron
at the pbm‘]évé] fromfwaste'Watéisr—- industrial, agricultural and geo-
thermal -- is still in progress (Ref 38). Various approechesrhave been
employed w1th varying degrees of success ‘as outlined below. |

Adsorpt1on of bor1C'ac1deonto;hydrated aluminum ox1de and iron oxide
siteS‘in'clayS'and c]ayLCompohehts of'soils’COu1d:provide:ah'effective,

method for boron remova] under certain circumstances (Ref 30 31 ,38,39).

“Unfortunately, the adsorpt1ve capac1t1es of clays and re]ated mater1a1s are

7 '1ow (0.1mg/gm) even under opt1mum cond1tions. From the p]ant eng1neer1ng

standpo1nt, proh1b1t1ve1y 1arge amounts of adsorbate. wou]d be requ1red in

 most cases " However, adsorpt1on processes are an 1mportant cons1deration~

1n the removal of boron’ by so1ls 1n situ following a sp111 or other acc1-i‘

~dental contam1nat10n

Precip1tat10n methods commonly used in the water treatment 1ndustry,' S

i.e., those involving lime, a]uminum hydroxide and iron hydroxide, are-
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ineffective.in removing boron (Ref. 31,32). In addition, the conventional
sedimentation and biblogical treatment processes employed in sewage treat-
ment plants have little or no efféct on boron levels (Ref. 33).

- Reverse osmosis (through cellulose acetate) would appear to have but
Timited 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 involvfng'ion—exchanée
resins appeaf to be the most promising (Ref. 36,37). It is recognized, of
course, that the complete de~ionization.of water by strongly basfc jon-
exchange resins such as Amberlite IRA-400 and Dowex 2, does not represent
an e;onomica] approach for removal of boron from waters containing appreciable
concentrations of other exchangeable anions such as chloride ion. However,
the strong]y basic resins might be employed economicél]y 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 revefse-osmosis cycles.

However, it appeafs that the most direct and economical method for
removaj ofAboron 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

s
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of Amberiite XE-243 is not affected by high concentrat{onk of various other
sa]tsrincluding,sqdium ch]oride;, It has beenrestimated that overfall'costs
~ for the lowering of borOn,conééntfatipns from 10 ppm to 1 ppm in irrigation
waters would be below $0.03;herfth9u5and gallons. Aﬁ extensive study of
the applicability of Amberiite XE-243 in the;deborondtion of geothermal

brines appears warranted.
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Corrosion

The'freatment methods currently in use or which might be useful in
controlling geothermal corrosioh generally fall into one of two ﬁ%tegories:
(1) removal of brine constituents which cause corrosion, and (2) develop-
ment of corrosion-resistant materials.

Corrosion rates in geothermal fluids which are comp]ex'So]utibns con-
taining many different chemical species are dependent primarily on the
following most significant species: H, ¢, HyS, €05, cog, HCOE,

NH, and SOZ. Other less common or aggressive chemical species which can

3
also produce corrosive effects in some geothermal fluids are : F, heayy
metals, B and 02. In addition, the presence of heavy or transition metal
jons can also be corrosive. See Table III (Ref. 40).

Aeration, a process used in "open-type" systems, involves a mass
transfer between the water and gas phases to speed up the removal of
acidic gases (e.g., HZS and COZ)’ by producing a large contact surface area
between air and water. Typical aeration equipment include cooling towers,
spray nozzles, and forced draft blowers.

Chemical degasification is used to remove oxygen selectively from
the water by adding a chemical such as sodium sulfite or hydrazine to
remove 02_from oilfield brines and boiler feed water. Sodium sulfite
(10 ppm Na,S0, per 1 ppm 02) was added to the 86°C water in the Reykjavik
Municipal Heating System, Iceland, to reduce oxygen and thereby control
internal corrosion of metals in the heating systems (Ref. 40).

Current methods of corrosion control are centered around planned re-

placement of turbine blades, piping and other plant components and the
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development of materials with improved corrosion resistance. Table VII
presents a list of materials'te§téd for their performance in liquid
dominated resources. The reader is referred to Ref. 25 and 41 for a
thorough review of corrosion resistance of various metals and alloys in

“hot brines.



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. See
Table VIII.

The need is to estimate scaling and corrosion rates at various points
in a power plant. Input data is based onibrine chemistry and flow, and
the code provides the following: flow rate, temperature, velocity at
points from bottom of production well through the plant to the waste in-
jection system (Ref. 8,19,24).

Valid analytical expressions and supporting rate data are needed to
calculate scaling. The general approach to scaling rate is tb equate the
rate of‘buildup to the degree of insolubility or supersaturation of a
mineral minus the rate of mechanical removal. For example, the EQUILIB
GEOTHERM computer code calculates the degree of mineral precipitation
from the temperature, volume, composition, pH, and gas content of the

brine (Ref. 8).



-19-

Summary and Conc]us1ons

In summary, current]y used methods to contro] sca11ng in geothermal

p]ants are ma1n1y centered around mechan1ca] means such as wire brushes

to remove scale from pipes, and ac1d121ng or reamlng of wells. Sca]e

removal can be considered as a- maintenance prob]em, and scheduled as

needed A research and development program with the idea to prevent the

format1on of scale might 1nc1ude the fol]ow1ng

1.

Contro] of calcite formatwon in product1on we]]s'by maintaining
the downho]e pressure to prevent loss of CO2 by flashing. Main-

ta1n1ng the pressure keeps CO2 dissolved 1n the br1ne as bicarbonate

and prevents formatlon of 1nsoluble ca]cium carbonate Development
of downhole pumps - is currently in progress '

. Test equipment is needed to provwde emp1r1ca1 data on methods to

control geothermal sca]e format}on, for example, evaluation of
varzous commercial add1t1ves. The. equipment should preferab]y be

conven1ent for use at the ]aboratory bench and. prov1de test results

,under s1mu]ated f1e1d cond1t1ons w1th1n a short t1me, e. g y 2-3 days,

7 r'us1ng standard test1ng methods

.'Fundamenta] studles are needed on the growth and 1nh1b1t1on of

geothermal sca]es (e g o FeS, S102, CaCO ).  The stud1es shou]dr

inc]ude both heterogeneous scale format1on on solid surfaces such

:4 as pipes and turb1nes, and homogeneous nuc]eat1on and format10n of

:the main sca11ng substances w1th1n the geothermal br1ne. The results

of some laboratory studIes for s111ca and ca]c1te formation are

available.
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5.
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$ca1e'inhibitors specifical]ybdesigned and developed for geothermal

~applications are needed.. These should be tested for possible use at

each location because brine composition and flow rates can vary from
site to site. A program is in progress to evaluate commercially
avai]abie.scale inhibitors which have been developéd mainly for
non-geothermal fluids.

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 rate of formation of scale substances,

€.g., SbZS3, As4S3, CaC03, Si02, FeS, would be valuable for predicting
the 1ikelihood of scale formation. The data is needed for incorpora-
tion into existing computer dota bases which currently contain mainly

equilibrium values.

. Instrumentation is needed to monitor geothermal plant parameters in

situ-to measure scale build-up. The instruments should be rugged and
able to function in a high temperature environment; self-cleaning

features to remove scale or the ability to measure without being in

contact with the brine are desirable features. Instruments of this

| type are available for monitoring waste-waters at low temperatures.

. Treatment methods are needed to remove se]écted constituents such

as boron from waste fluids which are not removed by conventional
methods, for eXampie, by holding tanks and’coaguiants, and to hasten
precipitation of silica. In the latter case, seeding with brine solids

is being studied.
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geothermal and other brines.

Treatmeﬁt Method »

- Table I. Typical treatment methods to prevent sca11ng of fresh and spent

Inhibitors

Lime slurry

Phosphonate + polymer

Ethylene Oxide Polymer
Hydroxethylcellulose -

Low molecular we1ght carboxyl1c ac1d
Amine ,

‘Sludge

Phosphoric ac1d

Polymeric carboxylic acid

Seeding with scale

EDTA -

Polyacrylate

Dispersant (highly carboxy]ated po]ymers)
Phosphate + sand

Solutions of amines, amides, carboxylic acids
Molybdate

A]terantsi

Hydrochloric acid

Hydrogen peroxide; nitric acid-
Fresh water diluent:

Heavy diesel oil

€02 pressure

- Temperature

Air, oxygen
Chlorine

Ion exchange resin

Coagulants and Flocculants

: An1oh1c polye]ectro]yte

Slaked 1ime + hypochlorite S
Aluminum sulfate; ferrous sulfate SRS

'Ce]]u]ose xanthate

Other

Metalllc core p1p1ng

v 11ght

scales, inhib

Prevents or Controls

calcite

silica scale; mixed scales
silica; corrosion

silica dep051t1on corros1on
silica; corrosion

5111ca, corrosion

silica; corrosion

calcite

~calcite

calcite

calcite

scales _

calcite -

calcite; BaSO CasSO
$ts to d00°F

scales

silica; calcite

H2S

silica

silica; FeS; borate
calcite -

silica; ca1c1te

HaS, Mo+, Fett

HaS, b1ogrthh

dissolved metals; borate

" flocculant

silica, arsenic

'suspended solids; colloids

heavy metals

scale; corrosion
biogrowth
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Table I1. Scale compositions commonly found in selected geothermal sites.

Major Components, %w

Site CaCO3 Ca0 . SiO2 S SO4 Fe Other
Matsukawa Al

Well No. 1 -- 0.30 17.75 3.20 40.84 12.20 0.83

(pH5.0)

Well No. 2 - 0.59 90.45 -- 2.25 0.35 0.84

(pH7.5) '

Power Plant v

Generator -- 1.5-1.7 59-61 0.05-53 10.2- 3.8-46.9 --

13.8
Control Valve - 1.2- . 44.4- -- 17.56- 1.00-2.01 --
1.60 69.28 32.82

Ejector -- 0.49 40.6 2.1 15.5 27.4 --
Cerro Prieto FeS

Well Casing, M-5 1.5 - 15.1 -- -- - 83.4

Well Casing, M-7 93.0 -- 1.8 -- -- -- 1.2

Production Pipe,

M-9 75.56 - 12.51 -- -- -- 9.46
Otake Fe203

Disposal Pipe:

Entrance -- - 78.45 - - - 3.22

3863m from

Entrance - - 93.25 -- - -- 0.15
East Mesa :

Well 38-30 Major - -- - -- -- -

Vertical Tube

Evaporator Major - -- - - -- --
Salton_Sea/Niland Ca

Teflon Coupon - -- 83 0.3 -- -- 0.45
Heber

Heat Exchanger, Si

Steel - -- - 19-41 -- 18-62 1-21

Heat Exchanger,

Titanium -- -- -- 15-45 -- 0.5-4 1-1
Lardarello FeS

Turbine Present -- -- -- Present -- Present
‘Hveragerdi and Fe.0
Namafjall 2°3

Heat Exchanger -- -- 61-73 -- -- -- 0.3-4



(bore-h o]e)

Table III. Typica1.¢oncentrétibns of key chemical species in fluid from seven geothermal sites.
Properties of the Geothermal Resource
Temperature Concentration of Key Species in the Fluid (ppm)
‘ °C : : AR , = Fluid .
KGRA ind Tocation pi it Total GO, Total HyS Total My SO peseription-— 1% 10
Salton Sea, Ca. ' 250 : 5.2 115,000 1,000 10-30 - 300 20 | unflashed ~500 120,000~
| (bore-hole) : , well-head fluid 250,000
East Mesa, Ca. 180-200 - 5.7 11,000 800 .3 41 20  unflashed 330 3,000
| (bore-ho]e) | ” | - well-head fluid
© Meber, Ca. . 180-200 71.‘1‘ © 9,000 180 | w2 13 152 unflashed -~ 14,000
PR BN _(bore ho‘lé) I D ~ well-head fluid =
Mono-Long Va*néy,‘fcia‘ 175 . 65 227 180 . 14 - 0. 96  unflashed 2l e
ﬁ(bore-ho1e) CE e R well-head fluid
Baca (Valles Caldera) 171 F“ ‘;‘ 6.8 3;770‘ 128 6 - .59 flashed fluid - --
N M. (well-head
~at 110 psig)
Beowawe, Nev. 132 9.3 50 209 6 3 89  flashed fluid . 329 1,200
- (well-head) o '
Raft River, Id. 146 7.2 780 60 0.1 2 61 unflashed fluid -- *1,204-

3,360

-Sz_
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TabIevIV. 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
Calgon SL-500

Dequest 2060
(diethylenetriamine-penta-
methylenephosphoric acid)

Natrosol 250LR (hydroxy-
ethylcellulose)

Geomate 256 (phosphonate +
polymer); Geomate 259

CL-165 (polymer mixture)

Drewsperse 747 (phosphcnate +
polymer)

Betz 419 (phosphonate + acrylic
polymer); Polysperse Plus

Thermosol APS (polyalkyl-
phosphonate)

S-404 (organic polymer)

SC-210 (low molecular weight
carboxylic acid)
Cortron R-16 (filming amine)

Versa-TL3
Calnox Polyacrylates(214DN)

Molybdate base
Belgard EV (polymeric
carboxylic acid)

Cellulose compound

Cellulose compound

Hydroxyethylcellulose;
ethylene oxide polymer

Substituted starch
Acetylenic glycol
Fluorinated surfactants

Tested at East Mesa

Tested at East Mesa

Chelating type, tested
at East Mesa

Tested at East Mesa

Tested at Salton
Sea - Niland
Tested at Salton

Sea - Niland
Tested at Salton
Sea - Niland
Tested at Salton
Sea - Niland
Tested at Salton
Sea - Niland
Tested at Salton
Sea - Niland

Tested at Salton
Sea - Niland
Tested at Salton
Sea - Niland .
Tested at Salton
Sea - Niland
Used in" boilers
Carbonate and sulfate
scale control
Scale control
Seawater
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Table IV. Typica]vcommerciaIIy available scale inhibitors for geothermal
and other waters. (continued)

Manufacturer

Comment

Allied Colloids, Inc.
(General Industries Div.)
Hercules, Inc.

Colloid-A-Tron, Inc.

" Petrolite Corp. (Tetralite

Division)
Nalco Chemical

Oakite Products, Inc.

| Inhibitor
ANTIPREX A (sodium
polyacrylate) :
SP-944, Time slurry
additive
Colloid-A-Tron
To1§perse 133
NALCOOL -

Enprox

Developed for boilers
and evaporators
Prevents CaCO3

Piping which contains

metallic core to pre-
vent scaling/corrosion
Organic polyphosphonate

Dispersive corrosion
inhibitor

Non-chromated inhib-
jtors for scale and
corrosion
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Table V. Selected commercially available alterants.

Manufacturer

Alterant

Comment

FMC Corp.

Pentech Div. (Houdaille

Industries, Inc.)
Permutit

Wallace and Tiernan
(Pennwalt Corp.)

Capital Controls Co.
(Dart Industries)

IMC Chemical Group

C-E Bauer (Combustion
" Engineering, Inc.)

Xodar Corp.
Rohm and Haas

Various Manufacturers
DuPont Co.

Ionac Chemical Co.

.Dow Chemical Co.

Hydrogen peroxide, oxygen

JAC oxyditch systems

Air system

Ch10rina§ion
Chlorination

AMP-95

Airpact air diffusers

360 system

Ion exchange

Hydrochloric acid

TYSUL WW, hydrogen
peroxide

Ion exchange

Ion exchange

Aerator system

Aeration

Neutralizing amine
for CO2

Aerator system

Aerator

Metals removal

Reduced scale at
Salton Sea
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Table VI. Selected commercié1ly"aVa11ab1e;coagulants and flocculants.

“Manufacturer

: Coagu]ant

Comment -

* Allied Colloids -

Hercules, Inc.

ARRO’Laboratories,'Inc.

Petrolite Corp.

NaTEo,CHémical Co.
Narvon Mining

Sw1ft Env1ronmental
Systems Co. e

Oakite Products, Inc.

Dow Chemical

5Perc01 726 (an1on1c -
~~high molecular we1ght
'po1ymer bead) -

Hercofloc organ1c
po1ymers -

- ARRO-CX' (cé]]ulee
7 xanthate)

To]floc 352 300

Ihétéﬁtﬁpolymersb'

: Zeta F]oc WA

v Lectro C]ear (a1um)

Matcon 1355

. Enpioﬁ?,':

Purifloc -

Floccu1ant_

Flocculant for suspended
solids

Removes heavy metals
Flocculant; cationic
polyelectrolyte

Flocculant
Polyelectrolyte f1occu1ant
Electrocoagulation

High molecular weight
cationic flocculant

For coagulation
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Table VII. Commonly used methods for controlling corrosion.

Site

Method' 7 , Comment

Rafthiver, Well No. 1

Salton Sea, Magmamax No. 1

Desalination

0ilfield Fouling

*Fast Mesa
*Heber

*Baca Location No. 1

Materials evaluation: bronzes Major brine constituents

brasses, stainless steels, for corrosion: CI,HCO3,-

nickel-based alloys, cobalt- €0,
based alloys and titanium Mas
had lowest corrosion rates

»S,C0,,H S,Fe,Ca,
sig 2 2

Materials,testing: low Cr-Mo
steels had lowest rate

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

Antifoulants. composed of See reference 4 for
mixture of dispersants, detailed discussion
antioxidants, corrosion
inhibitor

Pre-Krete G-8 and C-17 b]dcks Available from Pocono
Fabricators (Patterson-
Kelley Co.)

Water soluble Molybdates Climax Molybdenum Co.

<1 mpy corrosion for Al1S1 Data for wellhead fluid
type 302, type 430,
Hastelloy S, titanium

<1 mpy corrosion for A1S1 ~ Data for wellhead fluid
316L, titanium, Hastelloy G,
Inconel 625

Materials testing: €1.0 mpy Data for flashed wellhead -

for A1S1 type 316 Carpenter fluids
20Cb3, Carpenter 7Mo, Inconel

600, Incoloy 825, titanium;

>10 mpy for carbon steel

*See Reference 25 for additional data.

@



€

Code

‘Table VIII. Selected computer codes for geothermal and otﬁér waters.

Comment

“Helgeson-Herrick

EQUILIB

FLOSCAL

PLANT
GEOSCALE
BROP7

WELLFLOW
CALGUARD

Prediction of sulfide-silicate"
~~rprecipitation from Salton Sea brine

Predict control of scale formation

~on adding acid; equilibrium scale
" formation

Kinetics of scaling

Impact of scale build-up

Identify plant scale problems

Thermodynamic properties of brine
and vapor

- Wellhead flow for geothermal well

Predicts corrosion and deposition,

~ along with appropriate treatment
in operating cooling systems
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