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LEGAL NOTICE 
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ABSTRACT 

The objective of this project was to collect the available information pertinent 
• to the treatment of geothermal brines by literature search and then evaluate and 

summarize this information for use by the ele~tric utility and geothermal industry. 

The information used for this study was screened from the geothermal, oil and gas, 

wastewater disposal, and boiler water treatment industries. This information was 
evaluated and the current state of knowledge and methodology concerning the treat­
ment of geothermal brines to control scaling and corrosion in geothermal electric 
power production was assessed. Currently, geothermal scale in pipes and wells is 
removed by physical or chemical methods. There is a growing effort on developing 
methods to control scale formation for both fresh and spent brines, including pH 
adjustment and application of an electrical potential for fresh fluids, and coagu­
lation to treat spent fluids. Current methods of corrosion control center around 
planned replacement of piping and other plant components, with efforts focused 
pr·imari ly on deve 1 opment of materia 1 s with improved corrosion resistance. Recom­
mendations for additional work to improve brine treatment include the following: 

1) Chemical and physical characterization of brine and scale compositions 

2) Basic data on the mechanism of scale formation and the effects of 
inhibitors 

3) Development of instrumentation to monitor geothermal brine constituents 

4) Correlation of laboratory results with field test data 

5) Screening of currently available commercial inhibitors for applica­
tion to geothermal brines 

An annotated bibliography of the reference material used in this study is contained 
in this report. 
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Section 1 

INTRODUCTION 

Utilization of geothermal energy for power production requires a fluid (e.g., 
brine) to extract heat from the earth. Major development of geothermal energy in 
the next 25 years will be in regions where the fluid occurs naturally and has 
been in contact with the country rocks for a considerable period of time. The 
chemical composition of the fluids will therefore reflect the composition of the 
country rock and in general be in chemical equilibrium with it. Because of the 
wide variety in rock types, the composition of geothermal fluids is expected to 

vary widely, ranging from several thousand to several hundred thousand ppm 
dissolved solids combined with dissolved gases (e.g., C02, H2S) in an aqueous 

solution. The fresh fluids can react with the total geothermal power generation 
system to cause scaling and corrosion, and may plug injection wells and forma­
tions. 

Treatment of the fluids by chemical or physical methods could reduce scaling in 
the power cycle and plugging in the injection cycle. The problem is compounded 
by the large volume of fluids required for geothermal power production. As a 
result many chemical treatment systems which can be devised to control scaling 
and corrosion could be uneconomic. The treatment techniques devised for geo­
thermal brines will have to be of low cost, e.g., additions of ions, catalysts, 
electric charge, settling, coagulation. 

The purpose of this study is to compile and evaluate the current information on 
brine treatment technology for use by the utility industry and EPRI. The current 
published worldwide literature on treatment of geothermal brines to control scal­
ing and corrosion is sparse, with information widely scattered and incomplete. 
For this reason, we have also included in the compilation and drawn on the rele­
vant data from other industries (e.g., boiler water, wastewater disposal, oilfield 

brines) to provide additional information which may be useful to geothermal brine 

treatment methodology. 

1-1 
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Scale incrustation is a fairly common occurrence that arises mainly from the deposi­
tion of soluble or suspended constituents of geothermal brines in piping and other 
components of power plants (Ref. 1, 2). The interest in controlling·scaling stems 
from two major concerns: (1) plugging of well casings and pipes transporting geo­
thermal hot water, and (2) decrease in the efficiency of heat exchangers and other 
components. The other main problem related to geothermal hot water utilization 
covered here is corrosion of metallic components of power plants which are in con­
tact with the fluid. The corrosion process is complicated and related to a number 
of parameters, including the following: material of construction, chloride concen­
tration, pH, C02 partial pressure, H2S partial pressure, and temperature of the 
brine. Current methods of dealing with corrosion center around either scheduled 
replacement of plant components or the selection and choice of suitable resistant 
materials (Ref. 3). Table 1-1 lists the principal parameters affecting geothermal 
scaling and corrosion. 

Data on brine chemistry are important because scale and corrosion treatment methods 
must be designed on the basis of the brine constituent (e.g., sulfide content) that 
should be changed by the treatment to control scaling and corrosion. The dissolved 
solids and gases content of selected geothermal brines are listed in Table 1-2 and 
Table 1-3. 

While it is our intent that this report be as comprehensive as possible, it is 
realized that no literature search can be totally complete. In this context, the 
reader is urged to communicate important omissions on geothermal brine treatment to 
the National Geothermal Information Resource, Lawrence Berkeley Laboratory, Univer­
sity of California, Berkeley, CA 94720. This additional information, together with 
new data, will be stored in our computer file for subsequent critical evaluation 
and general dissemination. 

For additional background information on geothermal scaling and corrosion, the 
reader is referred to the following: Economic Impact of Corrosion and Scaling 
Problems in Geothermal Energy Systems (Ref. 2), Silicate Scale Control in Geother­
mal Brines--Final Report (Ref. 4), Scale Deposition and Control Research for Geo­
thermal Utilization (Ref. 5), Materials Problems Associated with the Development 
of Geotherma 1 Energy Resources (Ref. 6), Second Workshop on Natet·i a 1 s Prob 1 ems 
Associated with the Development of Geothermal Energy Systems (Ref. 7), and."Corro­
sion Encountered in Energy Extraction from Geothermal Brines and Steams" (Ref. 9). 

1-2 
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Table 1-1 

IMPORTANT PARAMETERS AFFECTING SCALING AND CORROSION 
IN GEOTHERMAL PLANTS 

Scale and Incrustation 

Brine composition 
Temperature and temperature changes 
Pressure changes, including partial pressure change in COz, HzS, NH3 
Velocity and turbulence 
Residence time in each part of plant 
Surface effects and surface to volume ratio effects 
Fluid phase (steam or water) 
Geometry of power plant components 
Salt carryover in steam phase 

Materials Corrosion 

COz 
HzS 
Hz 
CH4 
N2 
Ar 

02 

Brine composition 
pH of fluid 
Temperature and temperature changes 
Fluid phase (steam or water) 
Moisture and soluble salts carryover in steam phase 
Partial pressures of COz, HzS, NH3, Hz 
Atmospheric Oz leakage into plant system (e.g., piping, condenser, 

heat exchanger) 
Stress levels in materials and especially cyclic stresses 
Crevices 
Presence of scale deposits 
Passive or active state of met~l protective films 
Velocity of fluid 
Suspended solids content 
Ionic strength of water 
Galvanic coupling of dissimilar metals 
Power plant material 

Table 1-Z 

NOMINAL CONCENTRATIONS OF GASES IN GEOTHERMAL BRINES (PPM). 
DATA ARE FOR STANDARD TEMPERATURE AND PRESSURE. (REF. 10) 

Raft River Boise 
Iceland New Zealand (Idaho, USA) 

90 9Z 16.4 o.zo 
Z.6 4.2 0.005 
2.0 1.8 0.06 
0.03 0.9 0.01 0.065 

100. 18.5 
4.43 0.3 2.6 0.62 
0.0 0.02 0.003 

1-3 



Table 1-3 

APPROXIMATE CONCENTRATION OF DISSOLVED SOLIDS IN SELECTED GEOTHERMAL WATERS 
COMPARED WITH SEAt~ATER AND OILFIELD BRINES 

aSeawater cOilfield Brine aEast Mesa, dEast Mesa bsa 1 ton Sea, bsalton Sea bSalton Sea bsalton Sea bRaft River, bRoosevel t aWairakei, bcerro Prieto, 
Calif. (Well 6-1) Calif. (Niland #IID-2) (Woolsey #1) (Magmamax #1) Idaho Hot Springs , New Zealand Mexico (#M-5) 

(Holtville) (Sinclair #3) (RRGE U2) Utah (#3-1) 
{mgLll !!!!!llll !RRml !!!!!llll {RRml {RRml {RRml {mgLJl {ggm) {ggml {ggrul {ggml 

T•c 16-22 -- 165-180 138 280* 330* 238* 240 126 > 205 240 100 

pH 8.0 -- 7.6 5.6-6.0 5.3 4.64 6.2 6.1 6.96 6.3 8.6 7.89 

Si02 7.0 -- 100 286 350 400 112 435 86.8 560 640 1,318 

Li 0.1 -- 55 54 49 210 65.0 75.~ 1.1 20.0 14 22.9 

B -- -- -- -- 210 390 -- -- -- 25.0 -- 17.7 

Na 10,561 12,000-150,000 11,000 7,050 36,340 53,000 49,257 47,300 408 2,437 1,320 8,016 

K 380 30-4,000 1,430 890 7,820 16,500 2,881 7,960 36 448 225 1,899 

Mg 1,272 500-25,000 22 16 780 10 651 llO 0.04 0·.·01 0.03 0.50 

Ca 400 1,000-120,000 1,370 770 14,550 27,800 8,550 23,600 27.5 8.0 17 504 

Sr 13 -- 226 135 360 440 -- 102 0.9 -- -- 15.4 

Ba 0.05 -- 58 -- 540 250 -- 55.3 < 4 -- -- 9.4 , .. 
F 1.4 -- 1.5 -- 2.4 -- -- 12.0 7.4 5.0 8.3 2.0 

Cl 18,980 20,000-250,000 18,000 14,000 93,650 155,000 59,015 123,390 678 4,090 8,730 14,828 
I I -- 1-300 -- -- -- -- -- -- -- -- -- .74 +:> 

Br 380 50-5,000 35 -- -- -- -- -- -- -- -- 23.7 r 
so4 2,650 0-3,600 16 173 58 -- -- < 10.0 -- 59 36 13.0 

HC03 140 0-1,200 -- -- 60 -- -- 61.6 38 180 19 59.0 
" 

_,. 
co3 -- -- -- 300 -- 500 -- -- -- -- -- 0.0 

N03 or Bi -- -- -- -- -- -- -- Bi = 5.0 -- N03 = 0.1 

s -- -- < 1 < 1 -- 30 

NH4 0.05 -- 39 -- 340 -- -- 570 1.2 -- 0.2 -- ( 

Fe J0-9 -- 0.18 1-10 166 2,000 84.0 172 -- -- -- 0.51 

Mn 0.01- -- 0.9 -- 410 1,370 121.0 -- o .. 55 -- -- 0.88 

Ni -- -- -- -- -- -- -- .1.05 0.66 -- -- < 0.01 

B04 -- -- -- 36 

Cs -- -- -- -- -- 20 -- 250 -- -- -- 39.5 

Rb -- -- -- -- -- 70 -- 50.4 -- -- -- 11.2 r· 

Pb -- -- -- -- 80 80 -- 36.2 

As -- -- -- -- 10.0 -- -- .187 -- -- -- 1.5 

Ag or Sn -- -- -- -- -- Ag < 1 -- Sn = 2.2 

Zn or Cr -- -- -- -- -- Zn = 500 -- Zn = 283 -- -- -- Cr. < 0.5 

Sb or Cu -- -- -- -- Sb = 0.2 Cu = 3 -- Sb = 6. 7 

TOTAL 
DISSOLVED 
SOLIDS -- -- -- 24,800 153,300 259,000 120,735 203,410 -- 7,067 -- 25,429 

aRef. 10 bRef. 11 cRef. 12 dRef. 4 

*Maximum well temperature; all other temperatures listed are measured at the wellhead. 
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Section 2 

SCOPE OF STUDY 

The scope of this study includes the current, proposed, or suggested means for the 
treatment of geothermal hot water with the purpose of controlling scaling and cor­
rosion prior to (1) utilization of the fluid for electric power production, and 
(2) disposal of the spent fluid, e.g., to injection wells or holding ponds. Dis­
cussion of the treatment of geothermal fluids is based on available worldwide data 
and is intended to be comprehensive; selected methods are included from other 
technologies, principally boiler water, wastewater, and oilfield brine treatment. 

BRINE TREATMENT FOR SCALE CONTROL 

This section centers on the work to date covering mainly the following: (1) the 
methods of treatment of fresh geothermal brines to prevent scale formation prior 
to utilization in power production (e.g., pH adjustment); (2) methods that are or 
might be used to treat geothermal brines after power production utilization and 
prior to disposal, for example, coagulation; 

The brine treatment study centers around the three principal forms of deposits 
which are commonly found in geothermal scales: silica, carbonate, and sulfide. 
It is recognized that a geothermal scale is likely to be composed of a mixture of 
these main deposits and lesser amounts of other substances (e.g., Fe, Pb), so that 
brine treatment methods specific to calcite, silica, or sulfides may have to be 
modified for application to mixed scales. Tables 2-1 through 2-8 list the composi­
tions of some geothermal brines and the resulting scales. Since brine treatment 
methodology for geothermal applications is still in the experimental/development 
stage and since most scale and incrustants are by and large removed mechanically 
or chemically, we have also included for completeness a section covering methods 
which are or might be used for the removal of scale once it has formed (e.g., 
reaming, acidizing). 

Additional information on geothermal scaling may be obtained from the following: 
Silicate Scale Control in Geothermal Brines--Final Report (Ref. 4), Second Workshop 

2-1 
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on Materials Problems Associated with the Development of Geothermal Energy Systems 
(Ref. 7), and Conference on Scale Management in Geothermal Energy Development 

(Ref. 8). 

BRINE TREATMENT FOR CORROSION CONTROL 

This section covers mainly deaeration and materials selection which are the prin­
cipal methods used or suggested to control the rate of corrosion for geothermal 
brines. 

The reader is referred to the Extended Abstracts of the fall meeting of the 
Electrochemical Society (Ref. 9) for recent work on geothermal corrosion. 

In summary, the.literature on geothermal scaling and corrosion is not extensive. 
In other treatment technologies, we have found the following as useful sources 
for non-geothermal brine treatment data: Water Quality and Treatment (Ref. 16); 
Brine Disposal Treatment Practices Relating to the Oil Production Industry 
(Ref. 12); Subsurface Salt-Water Disposal (Ref. 17); Introduction to Oilfield 
Water Technology (Ref. 18); Underground Waste Management and Environmental Impli­
cations (Ref. 19), and Salt Water Disposal, East Texas Oil Field (Ref. 20). 

Table 2-1 

DESCRIPTION OF TYPICAL BRINE AS DELIVERED TO TEST UNIT 
FROM EAST MESA WELL 6-1 BETWEEN 3/18/74 AND 4/9/74 (REF. 5) 

State 
Temperature 
Pressure 
Solution saturated pressure 
Density @ 25°C 
pH 

Total dissolved solids 

Cl 
Na 
K 
Ca 
Fe 
Sr 
Li 

14000 mg/1 
7050 mg/1 
890 mg/1 
770 mg/1 

to 10 mg/1 
135 mg/1 

54 mg/1 

2-2 

Liquid, clear, colorless 
138°C (280°F) 
88 psig 
65 psig @ 138°C 
1.011 
5.6 to 6.0 

24800 mg/1 

Mg 16 mg/1 
286 mg/1 
300 mg/l 
173 mg/1 

Si02 
co3 so4 
s 
B04 

<l mg/1 
36 mg/1 



Table 2-2 
0 

@ 
CHEMICAL COMPOSITION OF SCALES FROM EAST MESA WELL 6-1 BRINE. 

~ct ALL COMPONENTS IN WEIGHT PERCENT. (REF. 5) ,..,._., 

.r>;, 

e·· 
' SlM(l) SlM(2) RJN Na C1 003 Ca Fe Si02 Sr Mg fob 504 K s ,, 

..Jb.,. 

Pram 102 0.74 0.81 28.80 14.60 21.00 15.02 0.21 0.31 0.68 - 0.12 0.02 82.31 104.10 
~· ProBE 205 5.55 - - 20;90 6.20 0.86 0.40 0.30 - - - - - -

PYREX PIPE 205 0.43 - 56.81 31.50 6.70 0.10 0.40 0.10 - - - - 96.04 100.18 
CCNl'OOL VALVE STEM 205 0.12. - 55.74 34.90 6.40 0.20 0.60 0.10 - - - - 96.06 102.08 ~'-! 
PIDBE oorr<M 'IHIRD 207 0.11 0.26 52.40 29.00 7.23 2.00 0.61 0.11 0.52 0.29 0.03 - 92.56 98.16 

.... _ 
PROBE 'lUP 'llURD 207 0.13 0.24 54.18 30.30 6.33 1.20 0.62 0.10 0.52 0.32 0.02 - 93.96 98.53 lf"j ..... 

N SEPARA'IOR ENl'Rlt' 207 0.11 0.16 54.25 33.10 2.55 0.94 2.44 0.04 0.17 0.21 0.01 - 93.98 96.09 ·-'!!.-' I 
w PIDBE 300 3.34 3.91 47.57 27.80 3. 79. 6.40 0.39 0.13 - - - 0.02 93.35 99.49 

PROBE,UNHFATED PART 301 0.16 0.17 56.33 30.30 8.00 0.24 0.40 0.20 0.55 - o;o1 0.04 96.40 101.41 (§r PIDBE,HEATED PART 301 0.09 0.11 57.40 30.70 7.62 0.11 0.44 0.20 0.51 - 0.01 0.02 97.21 101.92 
PIDBE 302 0.87 - 11.48 6.11 24.50 29.80 - 0.20 - - - - 72.96 105.73 
PIDBE TOP 303 0.10 0.01 57.4i 33.20 6.40 0.38 0.50 0.20 - - - - 98.21 102.34 ~ 
EXIT LINE 204/5 1.50 0.02 - 0.87 27.20 28.20 0.10 0.30 - - - - 58.19 91.64 

K>UDJIAR WEIGIT - 22.99 35.45 60.01 40.08 55.84 60.09 87.62 24.31 54.93 96.06 39.10 32.10 - - .6© 

(1) Of detexmined ct'llpCXllentB listed in table 
'!">, 

«.iJt=, 

(2) Aslll1llin;J 2.5 PD1es 00 per PDle Fe ard 2 PDles H20 per PDle Si02 
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Table 2-3 

CHEMICAL COMPOSITIONS OF GEOTHERMAL WATER 
OF NO. 1 AND NO. 2 WELLS (PPM), MATSUKAWA, JAPAN (REF. 13) 

Thermal 
water pH Si02 Fe Al Ca Mg so4 Na K 

No. 5.0 1000-1500 400-600 10-15 30-40 10-15 1500-1800 200-300 150-200 

No. 2 7.5 2000 5 5-10 10-15 5 400 150-200 40-50 

Table 2-4 

CHEMICAL COMPOSITIONS OF SCALE IN NO. 1 AND NO. 2 WELLS (%), 
MATSUKAWA, JAPAN (REF. 13) 

Scale Si02 Fe Al CaO MgO so4 s Na K 

Well No. 17.75 12.20 0.83 0.30 0.21 40.84 3.20 9.25 5.05 

Well No. 2 90.45 0.35 0.84 0.59 0.30 2.25 Tr 1. 50 0.50 
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Table 2-5 

CHEMICAL COMPOSITION OF SCALE (%) IN GEOTHERMAL POI~ER PLANT, 0 
MATSUKAWA, JAPAN . (REF. 13) 

~n~ 

SiO, Fe AI CaO MgO so, s Na K .;:a 
-

A 69.85 4.25 17.34 0.40 0.23 3.74 
,.:;:fi"'t - - - ·~,_ 

B 
I 

17.75 12.20 0.83 0.30 0.:!1 '· 40.84 3.20 9.25 . 5.05 
c No. I well 16.20 13.96 0.27 0.40 0.65 41.45 4.25 - - • .. .oc 
D \ silencer 51.80 13.74 0.36 0.38 0.38 1.12 7.79 
E 14.0 16.5 1.5 1.4 1.1 51.99 0.1 

F 59.0 7.0 0.8 1.7 1.2 13.8 0.05 - - ~. 
G ! 400 kW Tr• 46.90 Tr Tr· Tr Tr ' 53.10 Tr Tr 
H I Generator 

61.55 3.80 0.27 1.50 1.20 10.20 0.05 2.35 0.80 ~ 

" 67.3 11.6 0.45 1.30 0.80 26.50 Tr 6.50 3.80 

N I, 90.45 0.35 0.84 0.59 0.30 2.25 Tr 1.50 0.50 ·4ri..": 
I 

U1 J I 58.5 16.3 - 0.6 0.3 16.8 - -
K Separator 70.82 4.46 3.77 8.06 3.07 3.50 0.25 1.00 0.40 (10 L I 71.20 0.33 0.08 0,66 0,02 15.24 Tr 5.90 3.00 

M ! 66.60 17.62 0.87 0.96 Tr 0.83 9.55 Tr Tr 
N Header 50,42 28.14 4.21 0.12 Tr 0.32 14.25 Tr Tr ·~~~ 
0 I 40.90 27.30 2.80 4.76 1.50 15.89 
p I Drain 72.50 6.03 3.23 4.20 O.ot !0.22 0.50 1.00 ' 0.50 ~ 
Q I separator 65.40 8.94 2.13 4.36 0,03 8.50 0.80 1.10 1.00 

R Main valve 78.90 5.24 0.25 1.3J 0.17 13.50 Tr 2.30 1.00 .u-~l 
s, I 69.28 1.00 0.05 1.60 0.04 17.56 Tr 6.10 3.80 
s., Control valve 44.40 :!.01 1.84 1.30 0.55 32.82 Tr 8.5 3.5 
s, I· 49.!0 2.01 1.63 1.2F 0.33 30.06 Tr 8.0 4.0 

T, I 24.00 10.20 053 1.14 0.30 50.26 0.38 9.26 :!.80 
T, Rotor 11.30 50.83 0.20 0.35 0.11 23.50 2.28 2.30 0.60 
T, ' 4.00 55.49 0.:!0 0.05 Tr 17.75 4.31 0.56 Tr 

u, , 
Nozzle 58.60 1.45 0.11 3.44 0.13 24.05 • 0.20 7.2 4.7 

u, i 60.00 4.80 5.82 9.11 0.36 14.50 Tr 2.1 1,3 

v Exhaust pipe 6.00 55.85' . Tr Tr Tr 2.90 7.70 

w Ejector 40.60 27.40 2.50 0.40 0.40 15.50 2.10 n 0.8 

T,, , 
Trap 31.40 32.50 1.80 V.lSU 0.41 18.40 3.20 3.25 1.80 

T,, i 80.52 6.20 0.85 0.49 0.18 8.80 Tr 2.0 0.8 
--

• Tr = traces. 



Table 2-6 

CHEMICAL COMPOSITION OF THE FLUIDS 
FLOWING FROM THE CERRO PRIETO wtLLS, MEXICO (REF~ 14) 

Well Sampling Pressure 
Chemical composition in ppm Ratios 

--~ 

No. Date (psi g) Na K Li Ca Cl B co, HC0 3 5i0 2 Na/K Na/Ca 

"M-IA 12/72 3 4175 575 11 212 7470 8 0 62 235 12.3 34 
"M-3 8/72 200 5875 1312 15 331 11261 11 13 64 507 7.6 31 
M-5 6/73 300 8300 2210 27 521 16431 15 6 44 864 6.4 28 

•M-6 10/72 10 4375 475 17 552 8141 6 0 836 162 15.6 14 
•M-7 11 /72 71 5800 1175 16 316 10258 14 8 197 530 8.4 32 
M-8 6/73 232 7999 2125 24 427 15884 18 5 74 1218 6.4 32 
M-9 6/73 100 6331 1067 17 447 11459 11 8 65 495 10.1 25 

"M-10 12/72 197 5500 1487 17 232 9910 14 13 179 675 6.3 41 
M-11 6/73 578 8281 1987 18 494 15965 17 0 59 870 7.1 29 

N M-13 6/72 148 8775 2200 26 448 16254 11 27 27 880 6.7 34 
I "M-15 3/69 315 5375 1587 260 9604 7 0 19 1231 5.7 36 

0"1 M-15A 1 /75 212 6000 1125 15 321 11500 9 24 19 678 9.1 32.1 
M-19A 2/75 415 8540 2124 20 547 16750 967 6.8 26.8 
M-20 1 /74 120 llOO 1620 15 510 12800 13 5 58 800 7.4 25 

"M-21 10/72 610 5525 1725 18 304 11437 10 13 106 675 5.4 32 
"M-21A 4/74 280 5803 1628 14 318 10301 - - - 804 6.0 34 
M-25 1 /74 105 8650 2000 23 585 16900 - 44 900 7.3 28 
M-26 1/74 92 9050 2200 20 840 16800 - 40 1000 7.0 22 
M-29 2/74 90 6450 1200 15 480 12100 13 16 55 500 9.1 23 
M-30 1/74 116 8500 1980 22 585 16400 - 36 950 7.3 25 .. 
M-31 1/74 274 7700 1930 20 500 15400 14 11 48 850 6.7 26 
M-34 2/74 86 7100 1200 18 645 13100 11 0 48 600 10.0 19 
M-35 3/74 290 9459 2557 20 545 17064 6.3 30 
M-38 10/72 540 7050 1900 23 360 13984 15 8 58 755 6.3 34 
M-39 2/74 90 6100 1080 14 455 11300 15 30 60 650 9.6 23 

"M·51 4/74 340 6180 1905 16 302 11184 - 785 5.5 35 
"M·53 11 /74 1088 7843 2742 341 1b483 - 1441 4.8 39.5 

"Samples were obtained by bleeding the well through a small drainage line. 
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Measurement 

Silicon 

Iron 
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Magnesium 

Depth (m) 
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Table 2-7 

CHEMICAL ANALYSES OF WELL CASING INCRUSTATIONS, 
CERRO PRIETO, MEXICO (% WEIGHT) (REF. 14) 

As M-5 M-6 M-7 

Si02 15. 1 T 1.8 

FeS 83.4 T 1.2 

CaC03 1.5 97.5 93.0 

MgC03 T 2.5 4.0 

604 200 

Table 2-8 

CHEMICAL COMPOSITION OF SCALE IN PRODUCTION PIPE 

M-10 

19.5 

1.6 

75.5 

2.2 

OF WELL M-9 (750731) AT 147-170 METERS, CERRO PRIETO, MEXICO (REF. 15) 

CaC03 

Si02 
NaCl 

FeS 

2-7 

75.56% 

12.51% 

0.82% 

9.46% 



Section 3 

BRINE TREATMENT FOR SCALE CONTROL 

There is an active research and development effort on treating and handling geo­
thermal brines to prevent scale formation. In this section, we describe typical 
methods either used or proposed for use to prevent silica, sulfide, and carbonate 
scale formation. We have found it convenient to organize the treatment methods 
into two broad categories: (1) those used to control scaling caused by fresh 
geothermal fluid prior to utilization for power production, and (2) methods used 
to control scaling by the spent fluid following power production and prior to 
disposal. See Table 3-1 for a 1 isting of treatment methods for scale control. 

A. FRESH FLUID TREATMENT 

The term fresh fluid as used here refers to the hot water from the producing wells 
which is used to drive a turbine for power generation. 

1. Silica Treatment Methods 

The mechanism of silica precipitation from a geothermal fluid.to cause deposition 
can be complex as indicated in the following discussion: 

A simple model is proposed to account for the precipitation of amorphous 
silica from SSGF [Salton Sea Geothermal Field] brines. Because of the 
lack of information bearing on the kinetics of scale formation, the 
model should be viewed as a working hypothesis. As more data become 
available necessary refinements can be made. The ultimate goal will be 
to achieve a basic understanding of precipitation mechanisms, at which 
time it may be possible to devise methods for minimizing or preventing 
the problem. 

As brine is expanded to the surface from a geothermal reservoir, it 
cools adiabatically. As pressure declines, dissolved gases and steam 
are evolved, and the residual brine salinity increases. The principal 
result of the evolution of C02, the most abundant noncondensible gas in 
SSGF brine, and H2S is an increase in brine pH. As a consequence, sul~ 
fides (and probably hydroxides of multivalent elements, such as iron, 
aluminum, zinc, lead, possibly rare earths, etc.) begin precipitating. 
A suite of dispersed fine-grained sulfides (and hydroxides) induces the 
precipitation of dissolved silica either by serving as nucleation cen­
ters or by adsorption mechanisms. 
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Table 3-1 

TYPICAL TREATMENT METHODS TO CONTROL SCALE FORMATION 

Scale Type 

Silica 

Silica 

Silica 

Mixed 

Calcite in borehole 

II 

II 

Silica and arsenic 

Silica 

Calcite 

Treatment Method Comments 

pH adjustment (acid injection) Tested at Magmamax No. 1 
well, Niland, California 

Injection of base (NH3 or 
NaOH) 

Dtlution of the unflashed 
geothermal fluid 

Application of electrical 
potential 

Maintain C02 pressure 

Acid addition 

Alkaline phosphate addition 

Sinclair wells, California 

Namafjall, Iceland 

Sinclair Well No. 4, 
California 

Tested at East Mesa Well 
6-1, California 

Proposed method 

Proposed method 

TREATMENT METHODS FOR SPENT FLUID DISPOSAL 

Sedimentation and coagulation 
(addition of slaked lime, 
hypochlorite, and flocculant) 

Plain sedimentation; retention 
tank 

Addition of scale inhibitors 
and sequestrants (polyphos­
phates, EDTA) 

3-2 

Used at Wairakei and 
Broadlands, New Zealand 

Used at Otake, Japan, and 
Ahuachapan, El Salvador 

Proposed method 



The presence of NaCl promotes the polymerization of monomerica silica 
in basic solutions. Simultaneous increase in pH and decrease in tem­
perature coupled with high concentrations of NaCl, KCl, and CaCl2 
probably induce polymerization of silica in SSGF brines when brine pH 
values exceed 4.5. (Ref. 32) 

The solubility of silica in water depends on a number of parameters, including form, 
temperature, and time. For example, as shown in Fig. 3-1, the solubility for the 
five forms given increas~s with temperature over the range 0°C to about 300°C, then 
falls off markedly for both quartz and chalcedony. Fig. 3-2 shows the effect of pH 
on silica solubility at 25°C. At other temperatures, the solubility of amorphous 
silica follows a logarithmic relation. 

The solubility at the vapor pressure (v.p.) of the solution, from 0° to 
250°C, is given by the equation: 

log C = -l~l + 4.52 

where Cis the silica concentration in ppm and Tis the absolute tem­
perature. The maximum solubility at the v.p. of solution is 1660 ppm 
at 340° and the extrapolated solubility at the critical point is 890 
ppm. 

At a constant pressure of 1034 bars, the solubility from 0° to 380°C is 
given by the equation: 

log C = - 8+0 + 4.82 

Solubilities intermediate between 1034 bars and the v.p. of the solu­
tion can be calculated using a plot of solubility vs. density of water. 
When the data are plotted in this way, solubilities at constant tem­
perature and variable pressure lie along straight lines. (Ref. 33)· 

Silica is less soluble in NaCl solutions than in pure water. An increase in salin­
ity decreases the activity of water (~2o) which in turn lowers silica solubility 
(Ref. 34). 

a. pH Adjustment. This section includes a discussion of methods used to control 
silica scale formation by addition of acid or base to the hot water, thereby adjust­
ing the pH to higher or lower values than that of the untreated fluid. 

(1) Addition of Acid. In an experiment at Niland, California, Lawrence 
Livermore Laboratory found HCl injection beneficial in controlling scale formation: 

A mobile field test unit has been established at the ERDA-SDG&E test 
site in the southwestern part of the SSGF. Brine from the Magmamax 
No. 1 well was flowed through a steam separator that isolated vapor 
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Fig. 3-2. Solubility of silica in water (25°C) (Ref. 36) 
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and liquid fractions formed as the brine moved from the geothermal reser­
voir, up the wellbore to the surface. Although the separated liquid 
phase was used for the initial brine modification experiments, subsequent 
work will involve remixing of liquid and vapor fractions prior to the 
chemical additions. Average temperature and pressure of the brine were 
about 220°C and 265 psi, respectively. System through-put varied between 
18,000 and 24,000 pounds of brine per hour. Flow through nozzles (8:1 
expansion ratio, l/4 inch diameter throat) was 1.25 pounds of brine per 
second. The nominal pH of unmodified brine flowing from the separator 
varied from 5.5 to 5.8. Dissolved solids content of the brine pr~or to 
and after expansion tbrough nozzles was 18 weight percent to 22 weight 
percent, respectively. Nozzles and wearplates were fabricated from 
Ti-6Al-4V alloy. Three independent nozzles were operated simultaneously. 
During each acidification run, at least one nozzle was always operated 
as a control station flowing unmodified brine. 

Thus far, four experiments, each of 20 hours duration, have been completed. 
Nominal scaling (copper sulfide, native silver, and iron-rich amorphous 
silica) from unmodified brine resulted in closure of up to 10% of the 
cross-sectional areas of nozzle throats. Thickness of scale formed on 
wearblades ranged between 0.019 mm to 0.04 mm. However, when brine was 
acidified to pH 1.5, 2.3, and 4.0, scaling in nozzles was eliminated and 
substantially reduced on wearblades. Acidified brine effluents remained 
clear several hours after collection. However, unmodified brine was 
slightly turbid when collected, with precipitates forming a few minutes 
after samples were taken. (Ref. 31) 

(2) Addition of Base. Brine treatment methods for contralling silica scaling 
based on the addition of ammonia or sodium hydroxide have also been investigated. 
An attempt was made to control silica deposition at Sinclair wells by injecting 
ammonia, the idea being to alter the nature of the precipitate so that it would not 
adhere to surfaces. Results of laboratory experiments on ammonia injection indi­
cate that silica precipitation cannot be prevented, but that it may be possible to 
control where precipitation will occur (Ref. 1). 

The solubility 6f silica increases at pH 8.5 or higher because the disso­
ciation products of silicic acid are more soluble than the undissociated monomer, 

H4Si04. 

In low-pH solutions, silica exists primarily in the form of monomers and 
polymers of silicic acid. Polymerization occurs rapidly at near neutral· 
pH. As the pH is further increased, soluble complex ions begin to form, 
as shown by the following equilibria: 

(H2Si03)m = mH2Si03 (6) 

H2Si03 + mH20 = H+ + (HSi03·nH20) 2- (7) 

(HSi03·nH20)- = H+ + (Si03·nH20) 2- (8) 

H+ +OW H20 (c9) 
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As base (OH-) is added, H+ will be removed as in Eq. (9) and the equi­
libria shown in Eqs. (7) and (8) will be shifted to the right. Thus, 
silica will be in soluble form. (Ref. 37) 

However, increasing the pH can cause precipitation of heavy metal hydroxides (e.g., 
Fe(OH)2, Mn(OH)2), carbonates, and sulfides at pH 6-9 thereby requiring pre­
utilization removal of the precipitates to control erosion. An additional para­
meter associated with addition of base is the buffering action of the brine which 
would require increased quantities of added base and hence increased cost of the 
brine treatment. 

b. Water Dilution. Addition of water was successful in reducing silica scaling at 
Namafjall, Iceland. Before dilution, scale was deposited from 95°C water as loose, 

leaf-like 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 con­
tent of the fluid from 347 ppm to 188 ppm (Ref. 25). 

Addition of dilution water should be approached with caution: 

Before relying on dilution to reduce silica precipitation, one needs to 
consider that: 

The dilutant must be chemically compatible with the brine. For instance, 
attempts by the San Diego Gas and Electric Company to reduce scaling in 
their GLEF at Niland by addition of steam condensate to 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 anq 
its correspondingly high pH (9-10). The problem is that when steam con­
taining noncondensibles is cooled, redistribution of species occurs with 
most of the ammonia redissolving. This raises the pH of condensate and 
promotes dissolution of C02 into the condensate. (Ref. 38) 

Other disadvantages of dilution water include the possible reduction in enthalpy of 
the geothermal brine and the quantity of clean water that may be required for dilu­
tion of the brine. Owen estimates for a typical well flow rate of 1.8 x 105 kg/hr 
at the SSGF that 35% dilution would require about 6.3 x 104 kg/hr of water (Ref. 38). 

c. Magnesium Addition. In treatment of water for use in cooling, heating, and 
steam generation the addition of magnesium salts (e.g., dolomite) during hot-lime 
softening reduces the silica content of the water (Ref. 39). The reaction produces 
insoluble magnesium silicate: 

H20 + 2Mg++ + Si03 + Mg2Si04 + 2H+ 
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Optimum separation efficiency of silica using Mg02 or MgC03 is achieved at a pH > 9, 
and about 15 minutes of residence time is required for efficient silica removal 
(Ref. 40, 41, 42). The method may have merit for fresh geothermal brines; however, 
the requirement for elevated pH will have the same shortcomings as noted previously 
under "Addition of Base." Furthermore, retaining the fluids for required residence 

times results in reduction of fluid enthalpy, and removal of solids (e.g., Mg2Si04) 
may be required to control erosion effects. 

d. Application of Electrical Potential·. Experiments at Lawrence Livermore Labora­
tory on brine from a flowing geothermal well (Sinclair No. 4) studied the influence 
of electrical potential on scale deposition. Fluid from a 51 mm diameter pipe was 
flowed through a 6° nozzle and was subsequently exposed to six spherical stainless 
steel electrodes (9.53 mm diameter) for periods of up to 2 hours. Experiments 
were run with +5 volts, -5 volts, and +30 volts applied potentials, and more 
scale formed on negative than on either positive or neutral electrodes. Table 3-2 
shows that there are significant differences among +SV, -SV, and neutral electrodes. 
The authors feel that the results of the preliminary experiments were encouraging: 
scale was formed on the electrodes (as opposed to corrosion) and there were decided 
differences produced by varying the charge on the electrode. According to the 
authors, the lack of a positive correlation between oppositely charged electrodes 
suggests that species [e.g., Pb(OH)+, (FeOH)+] are being precipitated in the pres­
ence of an electric field which would remain in $Olution otherwise (Ref. 43). 

2. Sulfide Treatment Methods 

Fig. 3-3 is a schematic diagram proposed for typical reactions in sulfide scale 
formation (Ref. 44). While Cu2S is illustrated, it is only one of other heavy 
metal sulfides that may be present (e.g., FeS, PbS); thus the number of reactions 
involved is undoubtedly greater than those illustrated. As seen, acid addition may 
result in removal of gaseous H2S, dissolution of Cu2S, and will shift the equili­
brium to favor co2 formation, as shown by equation 4. Removal of C02 and H2S will 
limit subsequent precipitation of carbonates and sulfides. 

a. pH Adjustment. Addition of acid to sulfide solutions favors formation of H2S 
in solution, and the likelihood of an increase in the gas (noncondensible) phase. 
This and other pH-dependent reactions are illustrated (Ref. 37): 

s2- + H+ = HS-

HS- + H+ = H2S (gas) 
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Table 3-2 

SPECTROCHEMICAL ANALYSIS REPORT 

Selected elements were examined for direct comparison of relative amounts 
sample. One sample (indicated by b) was selected as a reference for each 
and the values for other samples determined by relative intensity ratios. 

Charge S1 Fe Cu Ag Al B Ga Cr 

+5 v 26% 14% 7% 0.5% 1 % 0.3% 0.04% 0.06% 
+5 v 24 17 5b 0.3b 0.8 0.3 0.05 0.08 
+5 v 26 16 8 0.5 1 0.2 0.05 0.06 
0 22 10 8 2 0.8 0.2 0.04 0.01 
0 24 10 10 2 0.2 0.05 0.02 
0 26 16 8 2 0.8 0.2 0.05 0.03 

-5 v 1ob 5b 10 0.3b O.lb O.Olb o.o2b 
-5 v 11 6 9 0.7 0.3 0.1 0.02 0.02 
-5 v 16 8 20 2 0.5 0.2 0.03 0.02 
Pipe 10 8 6 0.0 0.3 0.1 0.03 0.01 
Nozzle 12 6 6 1 0.6 0.09 0.02 0.05 

aDffferences in lead concentrations were too great to apply this method. 

( 2) 

( I ) 

(3) 

pH decrease + 
1---..:..__------1 s= + 2Cu = Cu

2
S 

Oxidation C02 rem6val 

(4} 

Chloride complexing 
(5) 

Be Ba 

0.06% 0.03% 
0.05 0.03 
0.05 0.03 
0.04 0.01 
0.05 0.02 
0.04 0.02 
O.Olb O.Olb 
0.01 0.02 
0.02 0.01 
0.01 0.02 
0.01 0.01 

in each 
element, 
(Ref. 43) 

Pba 

Fig. 3-3. Schematic diagram of typical reactions in sulfide scale formation 
(Ref. 44) 
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As base is added, the s2- concentration increases and insoluble sulfides start to 
precipitate as follows: 

b. Oxidation. Oxidation of sulfide to sulfur or sulfate has been proposed as a 
means of controlling sulfide scale deposition (Ref. 44). The overall, simplified 
reaction is schematically: 

Cl2 ) Cl ) 

s = 
+ HN03 ) -+ S04 + N03 ) 

H2S NaOCl ) s Cl- ) 

FeC1 3 ) Fe++ ) 

oxidant sulfur 
product 

A possible problem here is the formation of insoluble metal sulfates (e.g., CaS04), 
as well as elemental sulfur which may cause erosion of piping and plugging of injec­
tion systems. Addition of a dispersing agent may be desirable to prevent the solids 
from settling out, or filtration may be required. 

c. Diffused-Air Aerators. In water quality treatment, diffused-air aerators are 
used to remove gases such as H2S and C02. The method utilizes injection of com­
pressed air through a perforated pipe or similar system to produce fine bubbles. 
The H2S gas is exchanged from the water phase to the gas phase, according to the 
equations: 

Gas absorption: 

(1) 

Gas release: 

Ct = S + (Co - S)lO-k(A/V)t (2) 

These formulas and the differential equations from which they are derived 
indicate that: 

1. At any instant, the rate of gas transfer is directly proportional to 
the difference between the gas saturation concentration S and the actual 
concentration Ct in the water. 

2. The rate of gas transfer is directly proportional to the ratio of the 
exposed area to the volume of water, A/V. 
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3. The rate of gas transfer is directly-proportional to the gas trans­
fer coefficient~ which in turn ts dependent on the diffusivity of the 
gas in question and the film resistance. 

4. The total amount of gas transfer is greater as the time of aeration 
increases. 

5. The percentage change in gas saturation deficit S-Ct or surplus 
Ct-S for any given time period t is constant based on the deficit or 
surplus at the beginning of the-time period. 

6. Temperature and pressure are important factors because they influ­
ence gas solubility~· Temperature also influences diffusivity and film 
resistance and hence the value of k. 

The term fo is the concentration of gas originally present in the water. 
(Ref. 45) 

An advantage of aeration for H2S removal is the low cost of air used in aeration. 
However, aeration can cause formation of sulfate and subsequent deposition of 
insoluble metal sulfates. 

3. Calcite Treatment Methods 

Calcite, or calcium carbonate (CaC03), is a common scaling problem associated with 
water intended for cooling, heating, and steam generation purposes. The solubility 
of CaC03 in water and brine depends on a number of parameters including the follow­
ing: C02 gas partial pressure, temperature, pH, and the chemical -composition of 
the brines. Methods for preventing CaC03 scale formation are based on the suitable 
control of one or more of these parameters. 

,a. COz Pressure. As the brine flows in a geothermal well from the reservoir, it 
depressurizes and C02 is released as a result of the fluid boiling. This release 
of C02 causes an increase in brine pH, thus increasing the possibility of deposit­
ing calcite (Ref. 46). 

Fig. 3-4 shows the results of allowing a geothermal brine containing a high concen­
tration of dissolved C02 to flash in a well. Note that the deposition of calcite 
scale begins immediately above the point of flashing and that the maximum thickness 
of the CaC03 scaling inside the well is just above the flash point. 

Experiments at the East Mesa test site using brine from Well 6-1 indicate that no 
scale was formed until the brine was allowed to flash (Ref. 4). 

In summary, maintaining a C02 pressure may have merit in minimizing calcite preci­
pitation. However, a disadvantage of maintaining a high back pressure on the well 
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Fig. 3-4. Thermometry and thickness of CaC03 layer formed within 6 hours in 
a drillhole in the Bolshe-Banny area, Kamchatka, USSR (Ref. 48) 

is that the flow rate will be reduced considerably below that of a free flowing 
well. This disadvantage may possibly be overcome by use of a downhole pump (Ref. 47). 

b. pH Adjustment. Addition of acid favors removal of carbonate by formation of C02 
according to the reactions: 

Co32- + 0 -+ H = HC 3 

HC03- + H+ = H2C03 

H2C03 = H20 + C02-(gas) 

Removal of carbonate prevents formation of calcite; however, large amounts of acid 
may be required due to any buffering action by the brine. 

c. Phosphate Addition. In steam generating systems, calcium is precipitated in 
the form of a sludge by addition of alkaline phosphate (Ref. 49). This sludge is 
often removed by subsequent settling or filtration. 

lOCa++ + 6P04 + 20H- + 3Ca3(P04)~Ca(OH)2 
(sludge) 
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The sludge formed is less likely to scale than CaC03 because it is relatively 
nonadherent to boiler metals and is easily removed by manual blowdown. Sometimes a 
synthetic polymer is included to enhance flocculation and settling and to make the 
sludge less adherent and more easily dispersed. A disadvantage of this method is 
the possibility of precipitation of insoluble substances (e.g., sulfides, hydrox­
ides, carbonates) at the elevated pH required for phosphate precipitation. 

d. Sulfate Addition. This method of controlling scale in boiler water is based on 
the hundredfold greater solubility of Caso4 as compared to CaC03 (Ref. 50, 51): 

Ca(HC03)2 + H2so4 ~ CaS04 + 2C02 + 2H 20 

A disadvantage in application to geothermal brines is the formation of other insol­
uble sulfates (e.g., BaS04) which may form scales, and plugging of injection systems 
by the formed Caso4. 

B. SPENT FLUID TREATMENT 

Fluid production from a geothermal field for power generation will be in large 
volumes (e.g., 1.8 x 105 kg/hr/well in SSGF) which contain silica, carbonates, 
chlorides of sodium, potassium, and calcium, and various undesirable elements, e.g., 
B, C02, H2S, NH3, As, Hg. Disposal of geothermal effluents poses a problem of 
envirdnmental pollution in the development of geothermal resources. Methods for 
disposal of geothermal effluents could include: surface disposal in local water­
ways, evaporation ponds, or subsurface injection. Disposal by injection has some 
advantages over other forms of disposal, for example elimination of thermal and 
chemi.cal pollution of the environment and reduction of ground subsidence. Injec~ 

tion of wastewaters and brines through wells has been frequently used by the indus­
trial wastewater and oilfield industries. ln several geothermal fields, e.g., the 
Geysers steam field and Niland area of the Imperial Valley, Valles Caldera in New 
Mexico, Ahuachapan in El Salvador, and Hachimantai in Japan, disposal of effluents 
through injection has been or is being tried experimentally. The problem of scale 
formation in pipes and reservoir rocks, however, may be a serious long-term 
limitation (Ref. 52). 

In the oilfield industry, brine is treated prior to injection so that it is chemi­
cally compatible with the receiving rock formation; otherwise, formation plugging 
will necessitate high injection pressures. 
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In this section, we discuss existing geothermal and other methods used to treat 
spent brines prior to disposal. Currently, spent geothermal b~ines are not treated 
to a significant extent and little data is available on the effectiveness of the 
various treatment steps. Thus, this section draws on oilfield and industrial waste­
water treatment techniques which appear appropriate for application to geothermal 
fluids, for example, the use of closed systems, coagulation, filtration, and sedi-

,_ 

mentation. See Table 3-3 for a listing of current geothermal spent brine treatment 
methods. Spent geothermal fluids will have a lower temperature than fresh geother­
mal fluids; thus some oilfield treatment techniques, e.g., addition of decomposable 
sequestrants, may be applicable and are included here. Table 3-4 gives a listing 
of common chemicals and their uses in the treatment of industrial wastewater. In 
evaluating geothermal effluent treatment possibilities, however, one will have to 
consider a variety of parameters including chemical compatibility of the additive 
with brine, mechanical requirements for removal of solids (precipitates), and cost. 
Economic analysis of various treatment methods is beyond the scope of this report 
and hence not presented. 

A complete brine treatment system could include the following: aeration, closed 
systems, sedimentation and coagu]ation, filtration, chlorination,-and sequestration. 
See Table ·3-5 and Fig. 3-5. For additional information, the reader is referred 

to Subsurface Salt-Water Disposal (Ref. 17), Brine Disposal Practices Relating to 
the Oil Production Industry (Ref. 12), and Underground Waste Management and En vi ron­
mental Implications (Ref. 19). 

1. Silica Treatment Methods 

This section covers mainly a discussion of wastewater treatment methods that have 
been applied to spent geothermal hot waters to remove silica. 

Table 3-3 

TYPICAL TREATMENT METHODS FOR SPENT· GEOTHERMAL BRINES (SUGGESTED OR USED) 

Treatment Objective Treatment Method Comment Reference 

Calcite (CaC03) bore Exclude air (closed Ref. 2 
plugging preventio~ system); maintain C02 Ref. 4 

pressure 
Formation plugging Sedimentation in Gravity Ref. 2 
prevention holding pond 
Silica and arsenic Add slaked lime Precipitation Ref. 53 
removal 
CaC03 downhole deposits Pump 15% HCl into Acidizing Ref. 21 
removal injection well 
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Chemical 

Alum 

Sodium Aluminate 

Ferric Sa 1 ts 

Lime (Hydrated) 

Soda Ash (Crystalline) 

Soda Ash (Anhydrous) 

Caustic Soda 

Acid Feed 
(H2S04) 
(H3P04) 
(NaHS04) 

Surface Active Phosphates 

Ortho-phosphates 
(Monosodium Phosphate) 
(Disodium Phosphate) 
(Trisodium Phosphate) 

Sodi urn Sulfite 

Sodi urn Nitrate 

Sodium and Potassium 
Chromates 

Reactive Colloids 
(Sodium Manuronate) 

Protective Colloids 
(Starches) (Tannins) 

Amines and Related Organic 
Compounds 

Table 3-4 

COMMON TREATMENT CHEMICALS (REF. 54) 

Process Use 

coagulation 
color removal 

coagulation 

coagulation 
color removal 
oil removal 

pH adjustment 
softening 

pH adjustment 

pH and alkalinity 
adjustment 

softening 

pH adjustment 
alkalinity adjustment 
softening 

pH adjustment 
reduction of alkalinity 

prevent calcium 
carbonate deposits 

eliminate "red water" 

prevent scale in boilers 

prevent corrosion due 
to oxygen in boilers, 
feedlines, economizers 

inhibition of 
embrittlement 

corrosion inhibitor 

coagulation 
particle absorption 

and adsorption 

prevention of return 
line corrosion 
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Points of Application 

Coagulation and sedi-mentation systems; 
prior to pressure filters for removal of 
suspended matter and oil. 

Usually added with soda ash to softeners; 
used to some extent for internal boiler 
water treatment. 

Prior to coagulation and filtration 
systems. 

Prior to coagulation systems; to softeners; 
to treated water lines for adjustment of pH. 

Prior to pressure filters. 

To domestic systems, feed lines, softeners, 
coagulation and filtration systems; boilers. 

To softeners; oil removal systems; domestic 
water systems; boilers 

Treated water lines, prior to degassifiers 
or de-aerating heaters; H3P04 to phosphate 
softeners (for both softening and alkalinity 
reduction). 

Treated water lines. 

Added continuously to boiler drums; shot­
fed to drums or boiler feed line. 

Storage section of de-aerating heater; 
suction or pressure side of boiler feed 
pumps. 

Any point in boiler feed lines or direct 
to boilers. 

To brine systems and various circulating 
cooling and hot water systems. 

To boiler feed lines; circulating cooling 
systems. 

Application depends up6n material used. 
Some materials may be added to boilers and 
volatilize with steam; others are added to 
steam line direct, requiring pumps. 



Fig. 3-5. 

0 .. 0 u . a " 

Table 3-5 

BASIC PRETREATMENT STEPS (REF. 55) 

I. Raw-waste storage--open, closed 
II. Corrosion control--pH, inhibitors 

III. Solids separation--settling, coagulation 
IV. Filtration--fine, medium, coarse 

V. Slime control--bactericides, shock 

pH, 

inhibitor Fluid 

Flotation 
Inhibitor 

lnsolubles Spare· 

· Well 

Surface design for pretreatment of wastes where extensive treatment 
cleanup is required prior to subsurface injection (Ref. 55). 

a. Sedimentation and Coagulation. Sedimentation is a commonly· used wastewater 
treatment practice in which suspended materials settle from the fluid under the 
influence of gravity. This settling process, or "plain sedimentation," usually 
takes place in specially designed circular or rectangular basins with either hori­
zontal or vertical fluid flow. The design of the settling basin depends on the 
overflow rate of the basin, V, which is expressed as 

V Q inflow rate, cu. ft./hr. 
=A= surface area of the settling basin, sq. ft. 

(ft./hr.) 
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The overflow rate of the basin is a function of the specific gravity and viscosity 

of the wastewater, and the specific gravity, size, shape, and concentration of the 

particles which will settle out: 

v 64.4 (cr p) o2 D particle diameter, mm = 
).l 

p fluid density, g/cm3 
( ft/hr) cr particle density, g/cm3 

).l liquid viscosity, poise 

This equation holds rigorously for spherical particles undergoing free settling by 
gravity at low Reynolds numbers with viscous resistance to settling. See Ref. 56. 

In coagulation, chemicals are added to the wastewater prior to settling process, 
with the idea to gather all suspended particles (e.g., colloids), enhance settling, 
and prevent the small particles from passing through or plugging filters. The 
addition of a coagulant essentially enlarges the small particles by causing the 
aggregation of fine particles to produce a floc which settles rapidly, thus increas­
ing the efficiency of the sedimentation process. Coagulation-sedimentation is 

beneficial in that it requires smaller sedimentation basins and lower initial cost 
than plain sedimentation. 

In a coagulation process, coagulant is added to the water with initial rapid mixing~ 
followed by a slow mixing speed once floc has formed; the coagulated material 
separates from the fluid by gravity (see Fig. 3-6). Coagulation of turbid water 
depends on several factors; for example, the kind and quantity of coagulant used, 
extent of mixing, pH of the water, and water temperature. 

The most commonly used coagulants, composed of iron or aluminum compounds, include 

ferric sulfate, ferrous sulfate, ferric chloride, aluminum sulfate (alum), sodium 
aluminate. The coagulant on reaction with a turbid water neutralizes the negative 
charge of the impurities and produces positively charged colloidal hydrous oxide 
floes. These floes attract and adsorb negatively charged colloidal impurities, 
forming still larger floc particles. The chemical reactions of various coagulants 

with turbid waters are shown in Table 3-6. 

The optimum pH range for effective coagulation is shown in Table 3-7; for aluminum 
sulfate, the optimum is 6-7. The pH of the water may be adjusted by the addition 
of hydrated lime. Where coagulating agents alone do not give satisfactory results, 

compounds called coagulation aids (e.g.~ activated silica, organic polyelectrolytes) 
which by themselves are not necessarily effective coagulants are added to form 
larger floes. 
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Fig. 3-6. Suspended-solids contact unit (Ref. 18). (This is for a 
single stage unit which is most often used for low flow 
situations. Separate coagulation. flocculation. and 
sedimentation basins are usually used for large flows.) 

Table 3-6 

TYPICAL REACTIONS OF COAGULANTS WITH ALKALINE SUBSTANCES IN WATER 
(REF. 18) 

Aluminum Sulfa~e 
Al2(S04),·18H20 + 3Ca(HC03),--> 2Al(OH),l + 3Ca.SO, + 6C02 + ISH,O 

Al2(S04),·18H 20 + 3Ca(OH)2 -? 2Al(0Hhl ;+- 3CaSO, + 18H20 

Ferric Sulfate 
F'e2(SO,), + 3Ca(HC03)2 --> 2Fe(0H),l + 3CaSO, + 6CO, 

l<'e2(SO,), + 3Ca.(OH),--> 2Fe(OH),! + 3CaSO, 
l~'orrou8 Sulfate 

2FeS04·7H20 + 2Ca(HC03), + !02 --> 2~'e(OH),l + 2CaSO, + 4C02 + l3H,O 
2FeS0,·7H20 + 2Ca(OH), + !02 --> 2Fe(OH),! + 2CaSO, + 6H20 

Chlorinated Copperas 
2FeS0,.7H20 + 3Ca(HC03), + CJ2 --> 2~'e(0H),l + 2CaSO, + CaCI2 + 6C02 + l4H20 

2I<'eS0,•7H20 + 3Ca(OH), + CI2 --> 2~'e(OH),! + 2CaSO, + CaCJ2 + l4H,O 
Potash Alum 

Al,(SO,),·K2S0,·24H20 + 3Ca.(HC03),--> 2Al(OH),! + 3CaS04 + K 2S04 + 6C02 + 24H,O 
Al2(S04),·K2S04·24H20 + 3Ca(0H)2 -·> 2Al(OH),l + 3CaSO, + K 2SO, + 24H20 
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Table 3-7 

CHARACTERISTICS OF TYPICAL COAGULANTS (REF. 57) 

Coagulant Common 

Aluminium filter alum 
sulfatE.> 

Sodium 
aluminate 

Ferrous 
sulfate 

Ferric 
chloride 

Ferric 
chloride/ 
ferric· 
Sulfate 

Activated 
silica sol 

Bentonite or 
other clays 

Calcium 
carbonate 

Nalco 600 

copperas 

chlorinated 
co~peras 

chalk 

Purpose Normal dosage 

main coagulant 5-50 

to assist coagulation 2-20 
with sodium 
aluminate 

main coagulant 5-15 

to assist coagulation 2 or 
with aluminium 0.1-0.05 of 
sulphate alum dosage 

main coagulant 5-50 

main coagulant 5-50 

main coagulant 5-50 

to assist coagualtion 1-15 
with aluminium (expressed 
sulfate as silica) 

main coagulant or to 2-12 
assist coagulation 
with aluminium 
sulfate 

to assist coagulation 
with aluminium 
sulfate 

main coagulant 

•May be negative at high p~ values. 

pH range 

5.5-8.0 
(optimum: e-7) 

4.0-7.0 

4.0-11.0 

4.0-11.0 

4.0-11.0 

5.5-8.0 

Charge PrecipitaU produced 

positive hydrated alumina 

negative hydrated alumina 

positive• hydrated ferric 
oxide 

positive• hydrated ferric 
oxide 

positive• hydrated ferric 
oxide 

negative hydrated silica 

Remarks 

Floc is relatively light and wiU generally not 
settle against an upward flow greater than 
about 3 ft[h. Higher rates are obtainable, 
however, in a sludge-blanket type of 
plant. 

Floc fanned by double coagulation usuaUy 
coarser than that from filter alum alone. 
Aluminate should be added t-2 min 
before alum. Sometimes useful as main 
coagulant for surface waters of variable 
composition. 

At low pH values oxidation to ferric state 
may not be complete and treated water 
may contain residual iron. Floc heavier 
than that of alumina and settles faster. 

Floc heavier than that of alumina and 
settles faster. 

Floc heavier than that of alumina and 
settles faster. Reagent solution prepared 
as required by passing chlorine into 
rirrous sulfate solution. 

Used ei-~ coagulant aid in conjunction with 
aluminiUm sulfate rapidly produces 
strong, c'barse 1ioc which settles quickly. 
May give effecti,·e treatment during 
periods of spate and at low temperatures. 

Increases density of floc formed from filter 
alum and thus gives faster settling. 
Should be added to water before filter 
atum. 

Increases density of floc fanned from filter 
alum and thus gives faster settling. 
Should be added to water before filter 
alum. 

Cationic polyelectrolyte. 

The coagulation treatment method was applied to remove both silica and arsenic from 
cooled (90°C) geothermal discharge waters at Wairakei and Broadlands by addition of 
slaked lime:· 

A pilot plant was built for studying this process on a continuous basis. 
Discharge water at 90°C is first "aged" to allow silica to polymerize; 
addition of slaked lime to the water then rapidly precipitates a floccu­
lent, hydrated calcium silicate gel, which is readily separated in 
settling tanks. If arsenic has been preoxidized to the pentavalent 
state, most of it is coprecipitated. 

Optimum operating conditions for a water containing about 1000 g/tonne 
silica involve addition of 700 g/tonne quick-lime; the resulting calcium 
silicate filtered well to give a gel with 30% solid content. This could 
be dried with geothermal heat to give an amorphous powder, having a bulk 
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density of 0.20 g/cm3 and a Si02/CaO ratio of 1.7, which can find uses 
in wallboards or insulants. Smaller lime-addition rates remove part of 
the silica as a silica-rich calcium silicate, while higher lime-addition 
rates give almost quantitative silica and arsenic removal as a calcium­
rich calcium silicate. (Ref. 53). 

The untreated cooled discharge waters had the composition shown in Tabl~ 3-8; the 
effect of treatment with slaked lime, hypochlorite, and added flocculant is shown 
in Tables 3-9 and 3-10. The cost of this chemical treatment process is approxi­
mately $20,000 per annum which is the same figure that was expended previously for 
mechanically cleaning the discharge drains (Ref. 1). 

Fig. 3-7 is a sketch of the pilot plant used for continuous brine treatment at 
Broadlands. 

Table 3-8 

ANALYSES OF COOLED DISCHARGE WATERS FROM WAIRAKEI AND BROADLANDS 
BORES, NEW ZEALAND (ALL FIGURES EXCEPT pH IN g/TONNE) (REF. 53) 

Wairakei Wai rakei Broadlands 
Bore 67 "mixed" bores Bore 22 

pH at 20°C 7.8 7.9 8.6 
Si02 (total) 650 560 980 

(monomeric) 100 115 110 
(M.W. 200 to 150 000) 0 n.a. 0 
(M.W. over 150 000 approx.) 500 n.a. 700 

Na 1230 1190 1054 
K 194 185 228 
Li 12 11 13 
Rb 2.5 n.a. 2.0 
Cs 2.4 n.a. 2.0 
Ca 18 23 2.6 
Mg 0.06 n.a. 0.03 
Cl 2126 2100 1873 
so4 31 32 10 
B 29 28 60 
As 4.5 4.3 4.3 
Dissolved C02 20 13 150 

n.a. = not analysed 
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Table 3-9 

ANALYSES OF DISCHARGE WATERS FROM WAIRAKEI "MIXED BORES" (AGED 2-l/2 HOURS) 
AFTER TREATMENT WITH SLAKED LIME. (ALL QUANTITIES IN g/TONNE) (REF. 53) 

Added Added 
active flocculant 

Added chlorine (as (polyflok Monomeric Total 
CaO hypochlorite) 90 APJ Si0 1 Si0 1 CaO As B pH 

0 0 0 390 560 32 4.30 28 7.9 
350 0 0 167 136 210 2.50 n.a. 11.2 
350 10 0 159 117 221 0.45 n.a. 11.3 
410 0 0 94 87 216 2.03 25 11.4 
425 0 1 75 73 210 1.55 n.a. 11.5 
580 0 0 37 33 255 0.51 22 11.6 
780 0 0 15 15 435 0.13 n.a. 11.7 
985 0 0 6 6 575 0.06 n.a. 11.9 

1000 0 1 10 10 545 0.12 20 12.0 

n.a. = not analysed 

Table 3-10 

ANALYSES OF DISCHARGE WATERS FROM BROADLANDS BORE 22 (AGED l/2 HOUR) 
AFTER TREATMENT WITH SLAKED LIME (REF. 53) 

Added length Mono-
Added active of meric Total As As(V) pH 
CaO chlorine run Si02 Si0 2 CaO (chemical) (polarog.) B value 

(g/tonne) (g/tonne) (hours) (All quantities in g/tonne) 

0 0 410 910 2 4.3 1.5 60 8.6 
460 0 } 280 258 170 3.3 0.3 55 10.3 

5 4 1/2 290 263 170 2.8 0.2 n.a. 10.3 
10 250 237 172 1.6 0.0 n.a. 10.4 
20 240 230 172 1.4 0.1 n.a. 10.4 

605 0 3 165 165 196 2.6 0.8 n.a. 11.1 
685 0 

} 
95 93 208 2.0 0.2 52 11.4 

5 130 126 190 2.2 0.3 n.a. 11.3 
10 4 3/4 120 116 190 1.7 0.2 n.a. 11.3 
20 120 115 190 0.9 0.2 n.a. 11.3 

815 0 1 1/4 70 70 228 1.2 0.0 n.a. 11.5 
1120 0 2 1/2 6 7 440 0.1 0.0 49 12.0 

n.a. = not analysed 
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vacuum filter 

- filtrate to waste 

Sketch of pilot plant adapted for continuous 
operation in Broadlands, New Zealand (Ref. 53) 

b. Holding Tank. This illustrates application of plain sedimentation treatment to 
silica coritrol. The precipitation of silica from supersaturated solution is a pro­
gressive process in which a colloidal silica is produced which gradually forms gel 
or precipitate. Fig. 3-8 shows the rate of precipitation and the rate of dissolu­
tion of silica at 22 to 27°C. As can be seen, several days or weeks may be required 
to reach equilibrium in this temperature range. Because of the slowness of preci­
pitation, geothermal brines which appear clear become cloudy after standing at 
ambient temperatures for a few hours. This cloudiness may turn into a heavy preci­
pitate which subsequently settles (Ref. 4). 

A retention tank with a series of baffles was used at the Otake geothermal plant in 
Japan to control silica scale in hot water pipes (Ref. 58, 59). See Fig. 3-9. It 
was found that one hour retention was sufficient to reduce silica scale formation 
before discharging the brines to pipelines. This delay in time permitted the 
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Curve I: Hot-spring water boiled to dissolve most of the silica. 
Initial total Si02 320 ppm; initial dissolved Si02 284 ppm; pH during 
run 7.7-8.3. 

Curve II: Na2Si03 solution neutralized with HCl. Initial total Si02 
975 ppm; initial soluble Si02 544 ppm; pH during run 7.3-7.9. 

Curve III: Na2Si03 solution neutralized with HCl, aged and diluted. 
Initial Si02 187 ppm; initial dissolved Si02 25 ppm; pH 8.3-7.4. 

Curve IV: Silica gel in distilled water. pH 5.2-5.6. 

Fig. 3-8. Kinetics of silica solubility. Representative runs showing 
approach to the solubility equilibrium from both sides. 
Temperature 22-27°C. (Ref. 60) 
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Fig. 3-9. Experimental retaining tank to control silica scale in 
hot water pipes, Otake Geothermal Plant, Japan (Ref. 58) 
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silica to change from the monomeric state to the amorphous settleable state, where 

it deposited on the walls of the concrete holding tank. See Tables 3-11 and 3-12 
for water and scale composition. Similar methods w~re used at Ahuachapan, El 
Salvador, to prevent silica deposition in a disposal culvert (Ref. 61). 

c. Filtration. Filtration is a process for separating undissolved solids from 
turbid waters using a porous or filter medium. It is used to remove colloidal 
silica and other floc particles which are not removed in a sedimentation process. 
The filters generally operate at constant rate and constant pressure; however, the 
pressure drop across the filter increases as the filter loads up. In oilfield 
brine treatment, both slow and rapid sand filters are commonly used. 

Slow sand filters contain sand bedding with the top layer used as the filtering 
media. The disadvantages of slow sand filters are that they require large filter 
area, have low filtration rates per square foot of filter surface, have high ini­
tial cost, and the sand bedding material cannot be backwashed to permit unclogging. 
Rapid sand filters have a layer of sand on layers of coarser gravel (sometimes 
anthracite coal and sometimes graded sand), use smaller filter area, and have pro­
vision for backwashing. They may be gravity or pressure operated. 

Gravity filters are usually open to the atmosphere and have operating rates for 
municipal water supplies of 4-5 gal/min per sq. ft. of bed area, with a maximum of 
8-10 gal/min per sq. ft. (Ref. 51). 

Pressure sand filters are most widely used in industry and are particularly appli­
cable in closed water systems. Filtering under pressure increases the filtration 
rate by a factor of about 1.5 and has the advantage over gravity filters in higher 
capacity and requiring less area. For details on the design of these and other 
filters, the reader is referred to Ref. 18, 51, and 56. 

2. Calcite Treatment Methods 

Calcite can also be removed by sedimentation and coagulation processes, using 
methods similar to those discussed under silica treatment. In this section, other 
methods to prevent calcium carbonate scales are discussed. 

a. Scale Inhibitors and Seguestrants. Sequestration is the process of maintaining 
scale-forming cations (e.g., calcium, barium, iron) as soluble complex metallic 
ions by addition of chelating or sequestering agents to the wastewater. The most 
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Table 3-11 

CHEMICAL ANALYSIS OF THE HOT WATER (PPM), OTAKE, JAPAN (REF. 58) 

Chemical Wells 
ComQos i ti on No. 7 No. 8 No. 9 

Li+ 4.50 4.35 5.15 
K+ 105 108 131 
Na+ 846 805 936 
NH4+ 0.11 0.05 0.06 
ca++ 9.9 19.8 12.3 
Mg++ 0.025 0.055 0.190 
Fe++ 0.05 0.05 0.03 
Al+++ 0.09 0.02 0.02 
Mn ++ 0.00 0.00 0.00 
F- 3.80 4.18 4.65 
Cl- 1219 1243 1474 
Br- 2.48 2.82 3.40 

0.26 0.22 0.26 
so4-- 214 202 136 
HC03- 76 65 46 

·co3-- 2.10 1.80 1.44 
pH 8.4 8.4 8.2 

Table 3-12 

ANALYTICAL RESULTS OF OTAKE SCALES (REF. 58) 

Sample 
No. 

2 

3 

Distance from the 
entrance of the pipeline 

(in meters) 

0 

950 
3863 

3-25 

Si02 
(%) 

78.45 
87.98 

93.25 

Al203 Fe203 
_j&_ _j&_ 

4.62 3.22 

2.36 0.66 
0.99 0.15 

Ti02 
(%) 

0.34 

0.07 

0.11 

No. 10 

5.68 

143 

1098 
0.15 

20.1 
0.010 

0.06 
0.03 

0.00 
4.20 

1753 
4.15 
0.33 

112 
66 

1.86 

8.4 

H20 
(%) 

8.34 

7. 31 .I 

4.60 



popular sequestering agents in water treatment are inorganic polymetaphosphates; 
see, for example, Table 3-13. These adsorb on the surface of existing scale and 
cause the scale to redissolve. Care should be taken to avoid using acids along 
with polymetaphosphates since acids promote formation of orthophosphate ion which 
reacts with calcium in the water to form insoluble calcium phosphate (Ref. 62). 

Scale formed on downhole oilwell tubing and pumps has been controlled by intro­
ducing phosphates in one of the following ways: (1) lowering a wire basket con­
taining the phosphates on the bottom of the tubing string; (2) passing the produced 
water through a feeder containing the phosphate, and then recyc 1 i ng it through the 
annulus, and (3) fracturing the formation of a producing well with sand, oil, and 
12 to 40 mesh phosphate (Ref. 63). A dosage of 2 to 10 ppm of phosphate in the 
produced water is usually sufficient to prevent scale formation. 

Ethylenediaminetetraacetic acid (EDTA) and its sodium salts are used as scale inhi­
bitors in boiler water treatment. EDTA forms stable soluble complexes with nearly 

. . ++ ++ ++ ++ all metall1c 1ons, e.g., Mg , Ca , Sn , Ba , and has an advantage over poly-

metaphosphate in not hydrolyzing. The maximum complexing or chelating efficiency 
of EDTA for Ca is obtained at pH 6, and thereafter remains nearly constant 
(Fig. 3-10). Other metals are effectively complexed at lower pH (Ref. 64). 
Table 3-14 gives some data on the solubility of EDTA salts in water and the 
quantity of various EDTA salts necessary to complex 1 ppm of calcium. The 
higher cost of EDTA as compared to polymetaphosphates may limit its use (Ref. 64, 
65). 

Citric acid and gluconic acid and their sodium salts are used as sequestering agents 
for calcium and ferric iron. The effectiveness of the free acids is enhanced by an 
increase in the solution pH. Fig. 3-11 shows the effect of pH on the i!on­
sequestering power of sodium tetraphosphate, sodium citrate, and sodium gluconate; 
Fig. 3-12 shows the effect of pH change on the chelating power of selected calcium 
seques trants. 

An additive based on polymeric carboxylic acid (trade name Belgard EV) for control­
ling scale deposition in high temperature multistage flash commercial desalting 
plants has been developed. It prevents hard scale formation by threshold effect 
retarding the precipitation and by crystal distortion and is reported to be effec­
tive for use with brines up to 12l°C (250°F) or higher temperature (Ref. 78). 

3-26 



.. 

. ; ,.....,, -

.r :;. 
v ,. '·' 

0 
,., u ' 

.. -" ... ~-<!'-·--~-_.....,.-

Table 3-13 

TYPICAL POLYMETAPHOSPHATES USED FOR PREVENTING SCALE FORMATION (REF. 18) 

Name of Phosphate 

Tetrasodium pyrophosphate 

Sodium triphosphate 

Trisodium tripolyphosphate 

Hexasodium hexametaphosphate 

Sodium-calcium phosphate 

Sodium-magnesium phosphate 

Sodium-zinc phosphate 

Formula 

Na 4P2o7 

Na5P3010 

Na3P3o9 

Na6P6018 

Na 20·CaO·P2o5 
Na 20·MgO·P2o5 
Na 20·Zn0·P2o5 

w 100.-------------------, 
u 
z 
:::J 
0 80 

..., 
0 
u 40 
0 
u 
Ill 20 
z 
<( 

~ oL1 ~~~~~--~~~-~~~~2~13 

Fig. 3-10. Effect of pH on chelating power of EDTA (Ref. 66). (This 
is for Ca only. pH curves for other meta 1 s vary. ) 
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Table 3-14 

CONCENTRATION OF EDTA AND ITS SODIUM SALTS 
NECESSARY TO COMPLEX 1 PPM CALCIUM ION, 
MAGNESIUM ION, AND BARIUM ION (REF. 18) 

So 1 ubil ity pH of 
g/100 cc H20 Water 
@ 26°C (79°F) Solution 

Ethylenediaminetetra-
acetic acid 0.02 2.3 

Disodium ethylenediaminetetra-
acetate dihydrate 11. 1 5.0 

Trisodium ethylenediaminetetra-
acetate monohydrate 57.0 8.4 

Tetrasodium ethylenediamine-
tetraacetate dihydrate 103.0 10.3 

ppm necessary to complex 
ppm of Alkaline Earth Metal 
Mg++ ca++ sa++ 

12.0 7.4 2. 1 

15.4 9.5 2.7 

15.6 9.6 2.8 

16.9 10.4 3.0 

b. Closed Treatment Systems. A closed treatment system has the obj.ective to 
exclude atmospheric oxygen and thereby aid in maintaining a constant· wastewater 
composition. The closed system also minimizes escape of C02 gas from the water 
causing undesirable chemical reactions; for example, loss of C02 will increase 
the likelihood of CaC03 formation. 

In oilfield brine treatment, a blanket of natural gas is maintained in the brine-
.containing vessels to insure the absence of air. Here, closed systems were found 
effective in maintaining brine chemistry, but success of the method depends par­
tially on gathering brine from only a few wells and minimizing Jeaks in piping and 
other equipment (Ref. 20). 

3. Treatment for Controlling Microorganisms 

Growth of algae and bacteria is controlled by use of oxidizing agents such as 
chlorine. Chlorination is used to control microorganisms in flow lines, filters, 
cooling towers, ion exchange units, condensers, and water storage. In oilfield 
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treatment chlorine may be added as a liquid, or generated in situ by electrolysis 
of the brine (Ref. 20). Chlorine added to water hydrolyzes to form hypochlorous 
and hydrochloric acids, as shown below: 

H20 + Cl2 +H+ + Cl- + HOCl 

HOCl :t H+ + OCl-

The above reaction is influenced b.v pH and temperature. Chlorine is a strong 

oxidizing agent and converts any ferrous iron present in the water to the ferric 

form. This may eventually hydrolyze to insoluble Fe(OH)3. Chlorination oxidizes 
hydrogen sulfide present in the water to so4 or sulfur. 

Excessive amounts of residual chlorine may cause corrosion and should be avoided. 
Normally 0.2 ppm residual chlorine is sufficient to control microorganisms in water. 
Besides chlorine, other inorganic bactericides used are chromates and silver or 
mercury compounds. 

At Cerro Prieto geothermal power plant, excessive corrosive bacteria proliferation 
caused a lowering in brine pH and an increase in sulfates in the cooling water. 
This was controlled using biocides containing organotin, bithiocyanite, polychloro­
phenol, and dispersants, and by periodic hand removal of the deposits (Ref. 14). 

Sodium hypochlorite was used as an oxidizing agent to preoxidize As(III) to As(V), 
thereby substantially improving the efficiency of arsenic removal by coagulation 
from geothermal discharge waters in New Zealand (Ref. 53). 
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Section 4 

BRINE TREATMENT FOR CORROSION CONTROL 

The following section covers methods currently in use, or which may be us efu 1 in 
controlling geothermal corrosion. The methods generally fall· into one of two cate­
gories: (1) removal of brine constituents which cause corrosion (e.g., C02, H2S), 
and (2) development of corrosion-resistant materials. 

Geothermal fluids contain appreciable quantities of dissolved salts and· gases 

that are generally more corrosive to materials of· construction than othet standard 
environments for the production ofelectrical power. In a geothermal power system 
corrosion takes place in well casings (downhole corrosion), surface lines, 

separators, turbines, heat exchangers, cooling towers, and discharge lines.· Corro­
sion rates in geothermal plants are dependent primarily on fluid pH, mineral con­
tent, temperature, flow rate (velocity)', partial pressures of C02, H2S, NH3, and -H2, 
and the oxygen content of the system. (See Table 1-1.) Because geothermal fluids 
vary in composition from one field to another, treatment to prevent corrosion may 
require extensive tests and analyses of brine data for each geothermal site. 

The forms of corrosion damage to metals commonly occuring in a geothermal environ­
ment include the following: 

t Uniform surface corrosion--ordinary rusting,on the surface of the 
metal resulting in reduction of metal thick.ness by a uniform amounL 
See Table 4-1. 

t Pitting corrosion--a localized corrosive attack resulting in the 
formation of a shallow or deep pit. 

t Stress corrosion and sulfide stress cracking--cracking of a metal 
due to constant tensile stresses in a corrosive environment. 

t Erosion-corrosion due to mechanical abrasion of the passive film 
on a metal resulting in corrosion. This is traceable to the high 
velocity entrained particulate matter (e.g., sand or precipitated 
solids) in the geothermal fluids, and is particularly important 
where wearing is maximized due to high fluid velocity. 
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Table 4-1 

SURFACE CORROSION RATES OF METALS IN GEOTHERMAL MEDIA (REF. 68) 

Metal 

Titanium 
Chromium (plating on steel) 
Aluminium 
Zinc (coating on steel) 

Austenitic stainless steels' 
Ferritic stainless steeJslO 
Carbon and low alloy steels 
Grey cast iron 
High silicon cast iron 

Brasses11 

Bronze 
Aluminium bronzes 
Silicon bronze 
Cupronickel 
Beryllium copper 
Copper 

Nickel 
Monel and K Monel 
Nimonic 75 
lnconel 

'Lead, antimonial lead 

Bore water' 
> 200 •C 

0 
0 
I 

gu 

0.1 
0-0.1 

0.3-0.4 
1 

s 
20 
10 

9 
10 
20 

6 
8-10 
0.3 

I 

Water• 
- 12~ •c 

0 

0.8-P 
1 

0 
0.1-P 
0.3-0.S 

0.4 

0.3 

10 

0 

Steam• 
100.200 •C 

0 
0 

0-P-1 
0-I·P 

(I 

0-0.3-P 
0.3-6 

1·3 
o.s 

0.3-0.6 
2 

2-3 
3 
2 
4 
2 

I 
2-4 
0 

0-0.3 

o.s 

Aeratect 
steam• 

- 100 •C 

0 
0 

0-P 
s 

0 
1-P 
20 
10 
I 

40 
9 

10 
20 

40 

8 
10 

80 

2.S-P 

0.2 

0 
0.1-P 

3 

0.2 

s 

2 
4 

Conden .. te/ 
rn:tb water 

mixture' 
-50 •c 

9 
s 

0 
O-O.S 

30-170 
90 

8. Natural water in a volcanic c:rarer (Tomb&. 1960). 

Hi&hly ocld 
thermal ..atcr• 

0 

28 

22 

1,000 

8 

14 

20 

6 

I. I mil .., 0.001 inch. Data mainly rrom references I. 4. 5 and 12. 
2. Tests in water at bottom of a closed geothermal bore. 
3. Water separated from wet seothermal steam at wellhead. 

9. t8/8 CrNi, 18/8/3 CrNiMo, and 18/ll/l CrNiMo varietiea. 
tO. 13 Cr, 17 Cr. 17/2 CrNi varietieo. 

4. Steam teparated from di~harging g~othermal bore. 
S. Geothennal st~ mixed with injected ilir. 
6. Geotherma I steasa ac:parated and condensed under pressure. 
7. Geothermal steam condensed with freshwater to atimulate fluid in a 

jet condenaer bot well. 
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In addition to the above, corrosion fatigue, hydrogen infusion, galvanic corrosion, 

and hydrogen-induced delayed fracture are also common in a geothermal environment. 
For additional details, see Ref. 2, 68, and 69. 

A. AERATION AND DEGASIFICATION 

Aeration is a process used in "open-type" systems involving a mass transfer between 

the water and gas phases. Aeration speeds up the rate of interchange between air 
and water by producing a large contact surface area, and is effective in removing 
acidic gases (e.g., H2S and C02). 

H2S + ~ 02 ~ H20 + S 

Typical aeration equipment includes cooling towers, spray nozzles, and forced draft 
blowers where air flows countercurrent to a flow of water cascading over splash 
trays. 

However, over-aeration causes additional corrosion due to introduction of excess 
dissolved oxygen, probably the main cause of corrosion in oilfield brines (Ref. 12). 

Degasification is a chemical process with the objective mainly to remove dissolved 

oxygen from water. The equipment used for oxygen removal includes open heaters, 
deaerating heaters, spray type deaerating heaters, tray type deaerating heaters, 
vacuum deaerators. For details of deaerators, see Ref. 18 and 56. 

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 reacts with dissolved oxygen to form 

·sulfate as follows: 

The rate of the reaction is slow at ambient temperatures, requiring the use of cata­
lysts (Mn, Cu, CO, Ni,_Fe) to increase the reaction rate. See Fig. 4-1. Addition 
of a catalyst reduces the cost of treatment by about 25% (Ref. 18). 

As discussed earlier, production of sulfate causes undesired precipitation of 
insoluble metal sulfates. Another problem with sodium sulfite is that it decomposes 
into corrosive S02 at high temperatures. Hydrazine (N2H4) is effective for reducing 
oxygen even at high temperatures. The reaction with 02 is as follows: 
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In one experiment, hydrazine removed 81% of the oxygen from boiler feed water at 

47°C (ll7°F); the removal increased to 94% when the feed water temperature was 
raised to 54°C (130°F). The presence of a catalyst (e.g., cu++, Mn++) increases 

the reaction rates (Ref. 71). 

Sodium sulfite (10 ppm Na2S03 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 system (Ref. 72). 

Tables 4-2 and 4-3 show the effect of air-aeration and degasification of geothermal 
brines on corrosion of various metals tested. 

B. MATERIALS SELECTION 

There is an active research and development effort centered on developing alloys 
with resistance to geothermal corrosion. The current status of this work is sum­
marized in tabular form in Table 4-4. The reader is referred to Ref. 73 and 10 
for a thorough review of corrosion resistance of metals in hot brines. 

10 

e 
a. 
a. 8 
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z ..... 
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> 
X 
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<! 
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--- N~ ~ATALYST AOiil ?o-- -...., 
1--

~ 
............. 

........... 

r---... r-.... ..... ~ ... ........... 
........... ~Co••..._ I"""' 

~Oppm Cu++ ~ 
~ .. ....... .......... f-... ~t'--

........ 
0.2 0.5 0.4 Oll 0.6 1M! I ll 456810 

TIME-MINUTES 

Fig. 4-1. Effect of catalysts on rate of oxygen-sulfite 
reaction (Ref. 70) 
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Table 4-2 

CORROSION DATA AT 105°C AND 1 ATM, 15 DAYS (REF. 74) 1 

General corrosion, mpy Crevice corrosion2 

Air-aerated Deaerated Air-aerated Deaerated 

Holt- Niland Holt- Niland Holt- Niland Holt- Niland 
ville brine vi 11 e brine vi 11 e brine ville brine 
brine brine brine brine 
(3w/o) (28w/o) (3w/o) ( 28w/o) (3w/o) (28w/o)" (3'11/0) (28w/o) 

Iron Base: 
Carbon steel 40.9 5.8 17.3 4.2 -- -- -- --
4130 steel 10.7 -- 0.2 -- 1 -- 1 --
Sandvik 3RE-60 0.1 0.9 .4 0.0 3 6 1 2 
E-Bri te 26-1 .0 3.6 .0 .0 1 1 1 1 
Type 302 ss . 1 -- .0 -- 2 -- 1 --
Type 316L ss .0 4.0 .0 0.0 2 6 2 2 
Carpenter 20 ss .2 2.2 . 1 .0 1 5 1 2 

Nickel Base: 
Monel 400 2.5 3.7 0.2 2.8 4 5 1 4 
Inconel X-750 0.1 3.4 0.0 0.0 -- 5 -- 3 
Inconel 625 .0 0.0 .0 .0 1 1 1 1 
Haste 11 oy S . 1 .0 . 1 .0 1 4 1 1 
Hastelloy G . 1 . 1 . 1 .0 1 4 1 1 
Hastelloy C-276 . 1 .0 . 1 .0 1 1 1 1 

Co~~er Base: 
Copper 63.1 12.5 1.9 3.1 -- 1 -- 1 
Copper-2Iron 11.6 13.3 3.7 2.7 -- -- -- --
90-10 brass 3.6 -- 2.2 -- 4 -- 1 --
70-30 brass 4.3 -- 1.2 -- 4 -- 1 --
90-10 cupronickel 3.7 -- 0.9 -- 1 -- 1 --
70-30 cupronickel 17.9 5.8 5.7 0.6 -- 4 -- 3 

Titanium Base: 
Titanium 0.0 0.0 0.0 0.0 2 2 1 1 
Titanium-1.7W .0 .0 .0 .0 1 1 1 1 
Titanium-2Ni . 1 .0 .0 .0 -- 1 -- 1 
Titanium-lOV .0 .0 .0 .0 -- 1 -- 1 

Aluminum Base: 
2024-T3 345.4 34.9 4.'9 31.3 -- 6 -- 6 
6061-T6 2.1 56.6 2.1 330.4 -- 1 -- 1 

Mol~bdenum Base: 
TZM 3.0 1.4 0.2 0.0 -- 5 -- 1 

1Dashes (--) indicate that metal was not tested. 

2 Numbers indicate extent of corrosion as follows: 
1. Not detected 
2. Very slight ( < 0.1 mpy) 
3. Slight ( > 0.1 inpy but < 1 mpy) 

4. Moderate ( > 1 mpy but < 5 mpy) 
5. Severe ( > 5 mpy but < 50 mpy) 
6. Very severe ( > 50 mpy). 

3Pits 60 mils deep. 
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Table 4-3 

CORROSION DATA IN DEAERATED NILAND (28 W/0) BRINE 
AT 232°C, 15 DAYS (REF. 74) 

Type of Corrosion 

Genera 1 Crevice 1 
mpy 

Iron Base: 
Sandvik 3RE-60 2.0 4 
E-Brite 26-1 0.1 1 
Type 316L ss .0 2 
Carpenter 20 ss .3 3 

Nickel Base: 
Monel 400 19.8 1 
Inconel X-750 0.3 3 
Inconel 625 .0 1 
Hastelloy S .0 2 
Hastelloy G . 1 2 
Hastelloy C-276 .0 1 

Copper Base: 
70-30 Cupronickel 15.2 1 

Titanium Base: 
Titanium 0. 32 4 
Ti-l. 7W .0 1 
Ti-2Ni . 1 3 
Ti-lOV .0 1 

Molybdenum Base: 
TZM 0.6 1 

1Numbers indicate extent of corrosion as follows: 
1. Not detected 
2. Slight(< 1 mpy) 
3. Moderate (> 1 mpy but< 5 mpy) 
4. Severe ( > 5 mpy) 

2Pitting 2.0 to 6.0 mils deep. 
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Stress 

Detected 
Not detected 
Detected 
Detected 

Not detected 
Not detected 
Not detected 
Not detected 
Not detected 
Not detected 

Not detected 

Not detected 
Not detected 
Not detected 
Not detected 

Not detected 



-~"> 
I 

....... 

Table 4-4 

CORROSION RESISTANT CANDIDATE MATERIALS FOR OXYGEN-FREE GEOTHERMAL SYSTEMS (REF. 75) 

120°C (250°F) 

Dry Steam 

water 

pH >B 

pH 6-8 

pH 4-6 

pH4 

Material 

Carbon Steel I 
Low alloy steels 
12 Cr steel 

carbon steel 

Carbon steel 

Aluminum 

Titanium 

316 SST 

Carbon steel 

Aluminum 

Titanium 

Zirconium 

316 SST 

56Ni-15Cr-16Mo* 

Titanium 

Zirconium 

56Ni-15Cr-16Mo* 

*Such as Hastalloy c 

Problems 

corrosion fatigue 
Erosion 
High corrosion if 

steam ·condenses 

Erosion 

Erosion 

Test for pitting 

<so ppm c1 
required 

Short life 
uses only 

Test for pitting 

<so ppm cl­
required 

R&D Required 

1206 C-180°C (250°F-350°F) 

Material 

Carbon Steel 
Low alloy steels 
12 Cr steel 
Titanium 
Zirconium 

carbon steel j 
Low alloy steels' 

Carbon steel l 
Low alloy steels 

Aluminum 

Titanium 

56Ni-15Cr-16Mo 

Aluminum 

Titanium 

Zirconium 

56Ni-16Cr-16Mo* 

Titanium 

Zirconium 

Problems 

Corrosion fatigue 
Erosion 
Specify corrosion 

allowance 

Hydrogen 
embrittlement 

Erosion 
Specify corrosion 

allowance 

)

Erosion 
Specify corrosion 

allowance 

Test for pitting 

Test for pitting 
and crevice 
corrosion (especially 
in brines) 

Pitting Test 
required 

R&D Required 

180° C (>3 50° F) 

Material 

er-Ma steels} 
12 Cr steels 

Zirconiumf 
Titanium J 

Alloy s tee I 9 

Probl.,.... 

r.

orrosion fatigue 
rosion 
pecify siqnificant 
corrosion allowance 

R&D on turbine 
materials 

Lack of data 

Hydrogen 
embrittlement 

.(for .strength Erosion 
Specify corrosion 

allowance 
Need R&D for data 

R&D Required 

'l'itaniUI!l or 56Ni-15Cr-16Mo* 

R&D Required 
Titanium or S6Ni-15Cr-16MO* 

R&D Required 
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Section 5 

SCALE AND INCRUSTANTS REMOVAL 

In this section, we discuss methods currently being used or proposed for removal 
of scale once it has been formed in production wells, power plant equipment, and 
injection wells (Fig. 5-l): There are several approaches for removing deposited 
scale, depending on its location and composition. Commonly used methods to remove 
deposits are described below. See Table 5-l for a listing of typical methods of 
scale removal. 

A. ACIDIZING 

Acidizing is a method used to clean boreholes of scale by injecting an acid into 
the borehole. The type of acid used depends on the composition of the deposit, 
e.g., HCl for CaC03 deposits, HF for sand or silica. Calcite reacts with HCl to 
form soluble CaCl2 according to the reaction: 

++ CaC03 + 2HC1 + Ca + H20 + C02 t + 2Cl-

Acid cleaning of CaC03 deposits with HCl was accomplished in East Mesa Well 5-l 
by pumping 19,000 liters of inhibited 15% HCl into the bore (Ref. 21). East Mesa 
5-l has the following casing parameters: 

Casing 
(O.D., inches) 

20 
13-3/8 
7-5/8 

Depth Interval 
(meters) 

0-18 
0-312 
0-1830 

Slotted Interval 
(meters) 

1525-1830 

Average Saraband 
Sand Permeability 

69 mi 11 i darci es 

On acidizing, sufficient deposit was removed to permit lowering of small diameter 
downhole instruments into the bore; this previously was prevented by the CaC03 
scale. 

Acidizing appears to be fairly common practice in the geothermal industry. For 
example, acid treatment to descale well casings is practiced in Hungary (Ref. 22) 
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Fig. 5-l. Profile of scale in Well M-13, Cerro Prieto Geothermal 
Field, Mexico (Ref. 15). 
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Table 5-l 

TYPICAL TREATMENT METHODS FOR SCALE REMOVAL 

CaC03 (calcite) in borehole 

Calcite in well casings 

Silica in flow control 
equipment and heat 
exchangers 

Silica in borehole 

Calcite in borehole 

Mixed scales in turbine 
components 

Mixed scales in injection 
and brine drain lines 

Mixed scales in heat 
exchanger tubing and piping 

Calcite scale (test probe) 

Treatment Method 

CURRENT METHODS: 

Pump inhibited HCl into 
the well 

Wash with inhibited HCl 

Wash with ammonium 
bifl uori de 

Pump NaOH solution into 
the well 

Reaming or redrilling 

Spaced injection of 
heavy diesel oils 

Hydroblasting followed 
by water flush 

DEVELOPING METHODS: 

Cavitation descaling 

Application of thermal 
shock 
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Comments 

Acidizing used at East 
Mesa Well 5-l and Otake, 
Japan 

Used in Hungary and 
Kawerau, New Zealand 

Acidizing, used at 
Hveragerdi, Iceland 

Used at Matsukawa, Japan 

Used in New Zealand, 
Hungary, and Mexico 

Used at Larderello, 
Italy 

Used at Niland Geother­
mal Test Facility, 
California 

Laboratory experiments 

Laboratory experiments 



and inhibited hydrochloric acid has been used with minor success in the Kawerau 
Geothermal Field in New Zealand to remove calcite deposits from well casing slots 
(Ref. 23). In Otake, Japan, acid cleaning of a bore choked at a depth of 260 
meters with calcite scale was carried out using 5000 kg of 35% HCl containing 
75 kg of inhibitor (Ref. 24). Water was injected into· the well to maintain a 
3-5% acid concentration. Although the deposit was not removed completely, the 
discharge from the well approximately doubled as shown in the following table: 

Separator Shut In 
Pressure Steam Hot Water Pressure 
kg/cm2 G* t/h t/h kg/cm2 G* 

before acid cleaning 2. 1 4 25 2.2 

after acid cleaning 2.1 8 56 2.8 
*G=Gauge 

Chemical cleaning to remove silica scale from flow control equipment and heat 
exchangers using ammonium bifluoride has been tried with fair success at Hveraqerdi, 
Iceland (Ref. 25). Caution is required in use of the acid; injected HF reacts 
with certain metals (e.g., Ca) to form insoluble fluorides which could precipitate 
within the borehole. 

B. ADDITION OF BASE 

Though very insoluble in water and acid, silica scale dissolves in sodium hydroxide 
solutions to form soluble silicate: 

Scale containing 90% silica was removed from a well in Matsukawa, Jaoan, using 

sodium hydroxide (NaOH) as follows: "125 kg of NaOH was dissolved in 300 liters 

of water. The solution was put into the wellhead for 8 minutes while maintaining 
high temperature and pressure. The wellhead was then washed with pure water 
for 15 minutes and the process was repeated. The scale was completely removed in 
30 minutes" (Ref. 13). 

A disadvantage in scale removal with NaOH is the possibility of precipitating metal 
hydroxides in the formation. These precipitates, if formed, would require addition 
of acid (e.g., HCl) for their removal. 

C. REAMING 

As used here, reaming is defined as use of mechanical means such as scratching to 
clean scale deposits from the wall or casing of a well and from pipelines. In a 
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well, the scratcher or reamer is lowered into the bore and deposits scratched by 
simultaneous rotary and transverse motion of the reamer. 

Reaming of geothermal wells to remove calcite has been tried with limited success 
in New Zealand (Ref. 23), Hungary (Ref. 22), and Mexico. A 1974 estimate of the 

cost of reaming is obtained from the following data: Low enthalpy wells 
(-400 Btu/lb) at Cerro Prieto are expected to plug with calcite in about one year, 
and the high enthalpy wells 0 650 Btu/lb) with silica in three to four years. 
Reaming a typical plugged-up well involving redrilling takes five to ten days at 
Cerro Prieto and costs about $1200/day. Based on these figures, a rework cost of 
$10,000 to $30,000 is estimated in a Salton Sea well, assuming that the rework 
rig was available with no move-in or mobili2ation charge (Ref. 2). 

Scrapers are used to remove scales formed in pipelines by running them through the 
lines at regular intervals; they are inserted and removed at inlet and outlet 
scraper traps. The scrapers frequently used in salt-water gathering systems are 
variously called steel-balls, chained rubber-balls, plugs and wire-brushes, go­
devils, and spiral-brush pigs. A-disadvantage of scrapers is the possibility of 
damage to any plastic lining of the pipes and mechanical abrasion of the pipe 
itself. 

D. CAVITATION DESCALING AND HYDROBLASTING 

Cavitation descaling employs pulsating high pressure jets of water which are 
directed against the scale surfaces. If the water velocity is such that repeti­
tive low- and high-pressure areas are developed, bubbles form and collapse at the 
solid-liquid interface. This phenomenon is termed cavitation (Ref. 26). The 
collapse of these bubbles or cavities results in shock pressures reaching several 
hundred atmospheres in localized areas. The resultant impact tears out sections 
of porous or brittle material adhering to pipes. 

Application of waterjet or cavitation descaling to remove scale from geothermal 
heat exchanger tubing and pipes is currently being investigated by studying the 
cleaning rates of various scale-filled pipes as a function of nozzle and jet para­
meters. In tests conducted so far, a 2 inch inside ~iameter pipe which had been 
reduced to 1-1/4 inches by an iron-rich silica scale was cleaned out completely by 
a cavitation hydrojet (Ref. 27, 76). Hydroblasting was used to clean portions of 
the reinjection line and brine drain lines at Niland Geothermal Loop Experimental 
Facility {GLEF), California. Approximately 1,200 feet of the reinjection line was 
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cleaned by hydroblasting. Depending upon drainage and length of the line, the 
hydroblasting was followed by a water flush. Several combinations of hydroblast 
nozzle geometries, number and size of orifices, high pressure pump flows and pres­
sures were tried. The best cleaning was generally achieved with a low number of 
orifices, moderately high pressure (5,000 psig), high pump flow rates, and an 
impingement angle of 30° from the pipe center line (Ref. 77). 

E. THERMAL SHOCK 

In tests conducted at the East Mesa KGRA on brine from Well 6-1, a 'thermal shock 
method was used to remove calcite scale from a test probe in a simulated vertical 
tube evaporator. See Tables 2-1 and 2-2 for brine and scale composition. An 
electrically heated probe was placed inside a test section of pyrex pipe through 
which geothermal brine was flowing at a constant rate. Buildup of scale on the 
probe was monitored by measuring the change in heat transfer due to scale buildup. 
The scaled system was subjected to a thermal shock by closing the liquid flow to 
the test section, thus causing the temperature of the probe to rise. See Fig. 5-2. 
During this temperature rise, boiling of the liquid caused slugs of vapor to move 
up the test section and the liquid to flow down, which may have increased the 
thermal shock effect. Differential expansion of the metal probe and scale along 
with the rapid vaporization of moisture in the scale next to the heated probe is 
thought to be partly responsible for the effectiveness of thermal shock in scale 
removal. About 30 to 40% of this scale fell free leaving the probe clear and wet. 
The result on heat transfer resistance is shown in Fig. 5-3, which appears to 
indicate that a larger percentage of the scale was removed than was estimated from 
a visual observation (Ref. 4). 

F. OIL INJECTION 

The injection of heavy diesel oils was used to aid in scale removal from turbine 
blades at Larderello: 

Scaling can occur anywhere in the turbine. The components are always 
the same: iron sulfide, clay, ammonium, calcium and alkaline metal 
salts of boric, sulfuric, hydrochloric and carbonic acid. As a rule, 
iron sulfide prevails in the first row of blades, whereas later rows 
show partially hydrated ammonium borates, silica and various silicates. 
These scales are up to 5 mm thick and show a crystal consistency and 
structure that suggests an actual separation by supersaturation crys­
tallization. Since it is impossible to prevent their formation, prac­
tical methods are used to diminish their danger such as, for instance~ 
the spaced injection of heavy diesel oils into the turbine to make the 
scales softer and easy to remove. (Ref. 28) 
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G. SCALING CONTROL BY MAGNETIC FIELD 

CEPI of Belgium has proposed an apparatus using magnetic field for removal of 

scaling: 

H. 

The device consists essentially of a permanent magnet where the core is 
an iron cylinder 40 to 50 em long and 10 to 20 em in diameter. Water 
flows through the system and the crystal structure of the precipitate is 
modified under the influence of the magnetic field and as a consequence 
can be easily removed from the pipeline. Unfortunately, this method is 
unsuitable for scaling control in thermal water wells as its setting 
into the well at about 40 to 50 m depth is very difficult due to its 
outer diameter. (R~f. 29) 

SUMMARY 

In summary, scale is removed by either mechanical (e.g., reaming) or chemical (e.g., 
acidizing) methods. An advantage of mechanical methods is that most scales 

can be removed. Disadvantages of mechanical methods include the following: 

(1) removal of scale from wellbores requires a drill rig and can be expensive; 

(2) the well or piping system must be shut down prior to reaming; (3) in a well, 

only the bore itself is cleaned so that any deposits in the formation are untouched; 

(4) drill cuttings may be squeezed into any pipe perforations, causing an imperme­

able layer to form and hot water production to fall off; (5) mechanical removal 
from a plugged slotted liner is very difficult; (6) plastic pipe lining may be 

damaged. Because of these factors, chemical methods are preferred in the oilfield 

industry (Ref. 30). 

Depending on scale composition, chemical treatment such as acidizing is generally 
economical and effective in removing scale from boreholes. A disadvantage of 

chemical treatment is the possible "eating a hole" through the scale, thereby leak­

ing the chemical into the formation without dissolving scale. 

Although the methods of scale cleanup described above are satisfactory in some 

respects, they have at least. four significant drawbacks associ a ted with these 

"after the fact" solutions: 

1 The well must be taken out of service to perform cleanout. 

• Frequency of cleanout for some wells may be prohibitively high. 

t Scale buildup causes gradual reduction of pressure and flow with 
time during the interval between cleaning. 

1 Chemical or mechanical methods of cleaning may damage well casings 
and piping. 

For additional information on scale removal, see the papers, "Oilfield Scale--Can 

We Handle It?" (Ref. 30) and "Inhibiting Deposition of Siliceous Scale" (Ref. 31). 
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Section 6 

SUMMARY AND RECOMMENDATIONS 

Present methods for controlling scale deposition and materials corrosion in the 
geothermal industry are mainly cleanup and replacement of pipes and other compo­
nents on an as-required basis. Scale or incrustations due to deposition of scales 
(e.g., silica, sulfide) from hot brines are usually removed from boreholes by 
acidizing or reaming; that in piping is mechanically removed by wire-brushing or 
by using scrapers. Materials rendered unserviceable by corrosion are replaced 
with new parts. 

There is a current effort focused on geothermal brine treatment with the purpose of 
minimizing silica, sulfide, and calcite deposition from fresh brine, and to remove 
arsenic and silica prior to spent brine disposal. Examples of some of the methods 
used to control scaling at geothermal installations include the following: At 
Namafjall, Iceland, addition of cold dilution water to fresh fluid was effective 
in reducing silica scale. At Otake, Japan, a holding tank for spent brines was 
included as part of a treatment system to allow formation of colloidal silica in 
the retention tank so that the silica deposition in the transport lines or in the 
injection well is minimized. At Wairakei and Broadlands, New Zealand, a coagula­
tion treatment was used to remove arsenic and silica from spent fluid prior to 
disposal of the fluid to the Waikato River. However, detailed investigation of 
the economics of these as well as the other methods described in this report is 
necessary for assessing the commercial feasibility of one or the other method of 
brine treatment. 

It is clear that utilization of geothermal hot water for electric power production 
will be aided by adequate brine treatment methods. Research and development acti­
vities centered around geothermal scale and corrosion control by treatment of 
brines have been increasing within the past two years. An ideal brine treatment 
program would include the following: 

1. Characterization of brine chemistry and deposited scales in order to determine 
the causes and possible means of control. The scale and corrosion products 
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reflect the variable brine composition for different geothermal areas. Brine treat­
ment methods can then be devised for the particular production fluid and for the 
particular method of disposal under consideration. 

2. Basic laboratory investigations on the mechanisms and rates of scale formation 
due to corrosion or scale deposition. Basic data are transferable to all geothermal 
sites and will. be needed to select, for example, additives and materials which would 
control scaling and corrosion. 

3. Development of additives (e.g., inhibitors, sequestrants) and instruments to 
monitor the important geothermal brine scale and corrosion parameters (e.g., silica, 

pH, H2S). The instrument sensors should be sufficiently rugged to monitor geo­
thermal fresh fluids in a reliable manner. 

4. Correlation of laboratory test results with actual tests in field conditions. 

In this way, feedback on the predictions based on laboratory results can be quickly 
verified and incorporated into brine treatment programs. 

5. Development of laboratory screening methods for commercially available scale and 
corrosion inhibitors, with the idea to evaluate their effectiveness under geothermal 
conditions. The inhibitors should be effective at the elevated temperatures and 
pressures encountered in geothermal systems and should nbt react with brine consti­

tuents either to form harmful products or to reduce the effectiveness of the addi­
tive. 
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Section 8 

GLOSSARY OF TYPICAL BRINE TREATMENT TERMS 

Unless noted otherwise, the following are from Reference 79. 

Acidizing--A chemical scrubbing process which consists of pumping an acid (e.g., 
HCl, HF) intoabore. (Ref. 1) 

Aeration--The bringing about of intimate contact between air and a liquid by one or 
more of the following methods: (1) spraying the liquid in the air; (2) bubbling air 
through the liquid; (3) agitating the liquid to promote surface absorption of air. 

Aeration period--(1) The theoretical time, usually expressed in hours, during which 
mixed liquor is subjected to aeration in an aeration tank, while undergoing acti­
vated sludge treatment. It is equal to the volume of the tank divided by the volu­
metric rate of flow of the wastewater and return sludge. (2) The theoretical time 
during which water is subjected to aeration. 

Aeration tank--A tank in which sludge, wastewater, or other liquid is aerated. 

Alkaline water--(1) Water having a pH greater than 7.0. (2) Water high in percent 
sodium (approaching and exceeding 60), but relatively low in total dissolved solids. 

Alum--A common name, in the water and wastewater treatment field, for commercial­
grade aluminum sulfate. 

Aluminum sulfate--A chemical, formerly sometimes called "waterworks alum" in water 
or wastewater treatment, prepared by combining a mineral known as bauxite with sul­
furic acid. 

Brine--Concentrated salt solution containing more than 36,000 mg/1 of total dis­
solved solids. 

Cavitatio~--(1) The action resulting from forcing a flowing stream to change direc­
tion 1n which reduced internal pressure causes dissolved gases to expand, creating 
negative pressure. Cavitation frequently causes pitting of the hydraulic structure 
affected. (2) The formation of a cavity between the downstream surface of a moving 
body, for example, the blade of a propeller, and a liquid normally in contact with it. 

Coagulation--In water aud wastewater treatment, the destabilization and initial 
aggregation of colloidal and finely divided suspended matter by the addition of a 
floc-forming chemical or by biological processes. 

Corrosion--The gradual deterioration or destruction of a substance or material by 
chemical action, frequently induced by electrochemical processes. The action pro­
ceeds inward from the surface. 
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Corrosion control--(1} In water treatment, any method that keeps the discharge of 
the metallic ions of a conduit from going into solution, such as increasing the pH 
of the water, removing free oxygen from the wat€r, or controlling the carbonate 
balance of the water. (2) The sequestration of metallic ions and the formation of 
protective films on metal surfaces by chemical treatment. 

Dispersion--(1) Scattering and mixing. (2) The mixing of polluted fluids with a 
large volume of water in a stream or other body of water. (3) The outward percola­
tion of water from an artesian basin or aquifier through confining formations. 
(4) The repelling action of an electric potential on fine particles in suspension 
in water, as in a stream carrying clay. This dispersion usually is ended by con­
tact with ocean water which causes flocculation and precipitation of the clay, a 
common cause of shoaling in harbors. (5) In a continuous flow treatment unit, the 
phenomenon of short-circuiting. (6) The breaking down of soil aggregates, resulting 
in a single grain structure. 

Disposal by dilution--A method of disposing of wastewater or treated effluent by 
discharging it into a stream or body of water. 

Dissolved oxygen--The oxygen dissolved in water, wastewater, or other liquid, 
usually expressed in milligrams per liter, parts per million, or percent of satura­
tion. Abbreviated DO. 

Dissolved-oxygen sag curve--A curve that represents the profile of dissolved oxygen 
content along the course of a stream resulting from deoxygenation associated with 
biochemical oxidation of organic matter and reoxygenation through the absorption of 
atmospheric oxygen and biological photosynthesis. Also called oxygen-sag curve. 

Dissolved solids--Theoretically, the anhydrous residues of the dissolved constitu­
ents in water. Actually, the term is defined by the method used in determination. 
In water and wastewater treatment, the Standard Methods tests are used. 

Erosion--Surface destruction of a metal or refractory material effected by the abra~ 
sive action of a moving liquid or gas and often accelerated by solid particles in 
suspension. (Ref. 80) 
Effluent--(1) A liquid which flows out of a containing space. (2) Wastewater or 
other liquid, partially or completely treated, or in its natural state, flowing out 
of a reservoir basin, treatment plant, or industrial treatment plant, or part 
thereof. (3) An outflowing branch of a main stream or lake. 

Evaporation--The process by which water becomes a vapor at a temperature below the 
boiling point. (2) The quantity of water that is evaporated; the rate is expressed 
in depth of water, measured as liquid water, removed from a specified surface per 
unit of time, generally in inches or centimeters per day, month, or year·. 

Evaporation area--The surface area of a body of water and of any adjacent moist 
land to which water was supplied from the body of water, from which water is lost 
to the atmosphere by evaporation. 

Evaporation discharge--Discharge into the atmosphere, in the gaseous state, of water 
derived from the saturation zone. Evaporation discharge may be divided into vegetal 
discharge and soil discharge. 

Evaporation gage--A means of measuring evaporation. 

Evaporation opportunity--The ratio of the rate of evaporation from a land or water 
surface in contact with the atmosphere to the evaporativity under the existing 
atmospheric conditions; that is, the ratio of the actual to the potential rate of 
evaporation. Also called relative evaporation. 
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Evaporation pan--A pan used to hold water during observations for the determination 
of the quantity of evaporation at a given location. Such pans are of various sizes 
and shapes, the most commonly used being circular or square. 

Filter--A device or structure for removing solid or colloidal material, usually of 
a type that cannot be removed by sedimentation, from water, wastewater, or other 
liquid. The liquid is passed through a filtering medium, usually a granular mate­
rial but sometimes finely woven cloth, unglazed porcelain, or specially prepared 
paper. There are many types of filters used in water or wastewater treatment. 

Filter bed-·-(1) A type of bank revetment consisting of layers of filtering medium 
of which the particles gradually increase in size from the bottom upward. Such a 
filter allows the groundwater to flow freely, but it prevents even the smallest 
soil particles from being washed out. (2) A tank for water filtration having a 
false bottom covered with sand, as a rapid sand filter. (3) A pond with sand bed­
ding, as a sand filter or slow sand filter. 

Filter bottom--(1) The underdrainage system for collecting the water that has 
passed through a rapid sand filter and for distributing the wash water that cleans 
the filtering medium. (2) The underdrainage system supporting the graded gravel 
of a biological bed. It may consist of specially fabricated tile or concrete blocks 
containing waterways and slots in the top for convening the underdrainage, or it may 
consist of inverted half tile. 

Floc--Small gelatinous masses formed in a liquid by the reaction of a coagulant 
added thereto, through biochemical processes, or by agglomeration. 

Flocculating tank--A tank used for the formation of floc by the gentle agitation of 
liquid suspensions, with or without the aid of chemicals .. 

Flocculation--In water and wastewater treatment, the agglomeration of colloidal and 
finely divided suspended matter after coagulation by gentle stirring by either 
mechanical or hydraulic means. In biological wastewater treatment where coagulation 
is not used, agglomeration may be accomplished biologically. 

Flocculation agent--A coagulating substance which, when added to water, forms a 
flocculent precipitate which will entrain suspended matter and expedite sedimenta­
tion; examples are alum, ferrous sulfate, and lime. 

Flocculation limit--The water content of a soil when it is in the condition of a 
deflocculated sediment. 

Flocculation ratio--The void ratio of a soil when it is in the condition of a defloc­
culated sediment. 

Flocculator--(1) A mechanical device to enhance the formation of floc in a liquid. 
(2) An apparatus for the formation of floc in water and wastewater. 

Incrustants--Dense solids formed as a crust on the inside surface of a pipe as a 
result of hardness and other characteristics of the water carried. 

Mechanical aeration--(1) The mixing, by mechanical means, of wastewater and acti­
vated sludge in the aeration tank of the activated sludge process to bring fresh 
surfaces of liquid into contact with the atmosphere. (2) The introduction of atmo­
spheric oxygen into a liquid by the mechanical action of paddle, paddle wheel, 
spray, or turbine mechanisms. 
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Mechanical aerator--A mechanical device for the introduction of atmospheric oxygen 
into a liquid. See mechanical aeration. 

Mechanical agitation--The introduction of atmospheric oxygen into a liquid by the 
mechanical action of paddle, paddle wheel, spray, or turbine mechanism. Also see 
mechanical aeration. 

Noncondensable--Gaseous matter not liquified under the existing conditions. 

Nozzle--(1) A short, cone-shaped tube used as an outlet for a hose or pipe. The 
velocity of the merging stream of water is increased by the reduction in cross­
sectional area of the nozzle. (2) A short piece of pipe with a flange on one end 
and a saddle flange on the other end. (3) A side outlet attached to a pipe by 
means such as riveting, brazing, or welding. 

~--The logarithm of the reciprocal of the hydrogen-ion activity or log (1/hydrogen­
ion activity). Pure neutral water has a pH of 7, acids a pH value of less than 7, 
and alkalies a pH of more than 7. 

Rapid sand filter--A filter for the purification of water, in which water that has 
been previously treated, usually by coagulation and sedimentation, is passed down­
ward through a filtering medium. The medium consists of a layer of sand, prepared 
anthracite coal, or other suitable material, usually 24-30 in. thick, resting on a 
supporting bed of gravel or a porous medium such as carborundum. The filtrate is 
removed by an underdrainage system which also distributes the wash water. The fil­
ter is cleaned periodically by reversing the flow of the water upward through the 
filtering medium, sometimes supplementing by mechanical or air agitation during 
washing, to remove mud and other impurities which have lodged in the sand. It is 
characterized by a rapid rate of filtration, commonly from two to three gallons per 
minute per square foot of filter area. 

Rapid sand filter rating--The design rate at which water is to be passed through a 
rapid sand filter. 

Rapid sand filter strainer--A perforated device inserted in the underdrains of a 
rapid sand filter through which the filtered water is collected and through which 
the wash water is distributed when the filter is washed. Also called strainer head. 

Saline water--Water containing dissolved salts--usually from 10,000 to 33,000 mg/1. 
' 

Salinity--(1) The relative concentration of salts, usually sodium chloride, in a 
given water. It is usually expressed in terms of the number of parts per million 
of chlorine (Cl). (2) A measure of the concentration of dissolved mineral sub­
stances in water. 

Sand filter--A filter in which sand is used as a filtering medium. Also see rapid 
sand filter, slow sand filter. 

Scale--(1) An accumulation of solid material precipitated out of waters containing 
certain mineral salts in solution and formed on interior surfaces, such as those of 
pipelines, tanks, boilers, under certain physical conditions. May also be formed 
from interaction of water with metallic pipe. (2) Loose, thin fragments of rock 
threatening to break or fall from either roof or wall. (3) A series of graduations 
representing lengths or distances on a map, drawing, or rule. (4) The dimension of 
a drawing, map, or model relative to the actual dimension of the object, usually 
expressed as a ratio, as 1:100. (5) To remove scale. 
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Scraper--(1) A device for insertion in pipelines that is pushed or hauled through 
by some method or device such as water pressure, rope, cable, to remove accumulated 
organic or mineral deposits. Scrapers are used principally in pipes too small for 
access by man and are of various designs and sizes. (2) A' device used in the bot­
tom of a sedimentation tank to move settled sludge to a discharge port. (3) A 
blade used to separate accumulated sediment from filter or screen surfaces. 

Screen--(1) A device with openings, generally of uniform size, used to retain or 
remove suspended or floating solids in flowing water or wastewater and to prevent 
them from entering an intake or passing a given point in a conduit. The screening 
element may consist of.parallel bars, rods, wires, grating, wire mesh, or perfo­
rated plate, and the openings may be of any shape, although they are usually circu­
lar or rectangular. (2) A device used to segregate granular material such as sand, 
crushed rock, and soil into various sizes. 

Seawater--Water in the seas containing from 33,000 to 36,000 mg/1 of total dis­
solved solids. 

Sedimentation--(1) The process of subsidence and deposition of suspended matter 
carried by water, wastewater, or other liquids, by gravity. It is usually accom­
plished by reducing the velocity of the liquid below the point at which it can 
transport the suspended material. Also called settling. (2) In geology, sedi­
mentation consists of five fundamental processes: weathering, erosion, transpor­
tation, deposition, and diagnesis or consolidation into rock. 

Sedimentation basin--A basin or tank in which water or wastewater containing 
settleable solids is retained to remove by gravity a part of the suspended matter. 
Also called sedimentation tank, settling basin, settling tank. 

Sedimentation compartment--(1) The portion of a water or wastewater treatment tank 
used as a settling tank; for example, the flowing-through chamber of an Imhoff 
tank. (2) The settling section of a chemical flocculation and sedimentation unit. 

Sedimentation tank--A basin or tank in which water or wastewater containing settle­
able solids is retained to remove by gravity a part of the suspended matter. Also 
called sedimentation basin, settling basin, settling tank. 

Sediment concentration--The ratio of the weight of the sediment in a water-sediment 
mixture to the total weight of the mixture. Sometimes expressed as the ratio of 
the volume of sediment to the volume of mixture. It is dimensionless and is usu­
ally expressed in percentage for high values of concentrations and in parts per 
million for low values. 

Sequester--To form a stable, water-soluble complex. 

Sequestering agent--A chemical that causes the coordination complex of certain 
phosphates with metallic ions in solution so that they may no longer be precipi­
tated. Hexametaphosphates are an example: calcium soap precipitates are not 
produced from hard water treated with them. Also, any agent that prevents an ion 
from exhibiting its usual properties because of close combination with an added 
materia 1. 

Sequestration--The inactivation of an ion by addition of a reagent that combines it 
and, in effect, prevents it from participating in other reactions. Also called 
complexation. 
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Settling--The process of subsidence and deposition of suspended matter carried by 
water, wastewater, or other liquids, by gravity. It is usually accomplished by 
reducing the velocity of the liquid below the point at which it can transport the 
suspended material. Also called sedimentation. 

Settling basin--A basin or tank in which water or wastewater containing settleable 
solids is retained to remove by gravity a part of the suspended matter. Also 
called sedimentation basin, sedimentation tank, settling tank. 

Settling chamber--(1) A basin or tank in which water or wastewater containing 
settleable solids is retained to remove by gravity a part of the suspended matter. 
(2) The second or final element of the so-called biolytic tank, which is a combina­
tion of a flocculating tank and a settling tank. (3) Sometimes, the sedimentation 
compartment of a two-story tank, as in the case of an Imhoff tank. 

Settling solids--Solids that are settling in sedimentation tanks or sedimentation 
chambers and other such tanks that are constructed for the purpose of removing this 
fraction of suspended solids. 

Settling tank--A basin or tank in which water or wastewater containing settleable 
solids is retained to remove by gravity a part of the suspended matter. Also 
called sedimentation basin, sedimentation tank, settling basin. 

Settling velocity--The velocity at which subsidence and deposition of the settle­
able suspended solids in water and wastewater will occur. 

Slake--To become mixed with water so that a true chemical combination takes place, 
as in the slaking of lime. 

Slow sand filter--A filter for the purification of water in which water without 
previous treatment is passed downward through a filtering medium consisting of a 
layer of sand or other suitable material, usually finer than for a rapid sand 
filter and from 24 to 40 in. thick. The filtrate is removed by an underdrainage 
system and the filter is cleaned by scraping off and replacing the clogged layer. 
It is characterized by a slow rate of filtration, commonly 3-6 mgd/acre of filter 
area. 

Sludge--(1) The accumulated solids separated from liquids, such as water or waste­
water, during processing, or deposits on bottoms of streams or other bodies of 
water. (2) The precipitate resulting from chemical treatment, coagulation, or 
sedimentation of water or wastewater. 

Standard methods--(1) Methods for the examination of water and wastewater published 
jointly by the American Public Health Association, the American Water Works Associ­
ation, and the Water Pollution Control Federation. (2) Methods published by pro­
fessional organizations and agencies covering specific fields. These include, 
among others: American Public Health Association, American Public Works Associa­
tion, American Society of Civil Engineers, American Society of Mechanical Engineers, 
American Society for Testing and Materials, American Water Works Association, 
United States Bur~au of Standards, United States of America Standards Institute 
(formerly American Standards Association), U~ited States Public Health Service, 
Water Pollution Control Federation. 

Standard oxidation-reduction potential (Eh)--The potential established at an inert 
electrode dipping into a solution containing equimolecular amounts of an ion or 
molecule in two states of oxidation. (Ref. 81) 
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Sus ended matter--(1) Solids in suspension in water, wastewater, or effluent. 
2 Solids in suspension that can be removed readily by standard filtering proce­

dures in a laboratory. See suspended solids. 

Suspended sediment--The very fine soil particles that remain in suspension in water 
for a considerable period of time without contact with the solid-fluid boundary at 
or near the bottom. They are maintained in suspension by the upward components of 
turbulent currents or may be fine enough to form a colloidal suspension. 

Suspended solids--(1) Solids that either float on the surface of, or are in suspen­
sion in, water, wastewater, or other liquids, and which are largely removable by 
laboratory filtering. See suspended matter. (2) The quantity of material removed 
from wastewater in a laboratory test, as prescribed in "Standard Methods for the 
Examination of Water and Wastewater" and referred to as nonfilterable residue. 

Vacuum deaeration--Equipment operating under vacuum to remove dissolved gases from 
liquid. 

Waste--Something that is superfluous or rejected; something that can no longer be 
used for its originally intended purpose. 

Waste-disposal plant--(1) A plant equipped for treatment and disposal of waste. 
(2) An arrangement of devices and structures for treating wastewater, industrial 
wastes, and sludge. 

Waste treatment--Any process to which wastewater or industrial waste is subjected 
to make it suitable for subsequent use. 

Waste water--In a legal sense, water that is not needed or that has been used and 
is permitted to escape, or that unavoidably escapes from ditches, canals, or other 
conduits, or reservoirs of the lawful owners of such structures. 
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[Reference 82} 

BASIC WATER TREATMENT PROCESSES 

A wide range of treatment processes is available to pro­
duce water of the required quality for industry at the point 
of use. Treatment methods fall into two general categories: 
external and internal. External treatment refers to pro-

. cesses utilized in altering water quality prior to the point of 
use. The typical household water softening unit is an external 
treatment. Internal treatment refers to processes limited 
basically to chemical additives utilized to alter water quality 
at the point of use or within the process. v\'ater softening 
compounds used in laundering are forms of internal treat­
ment. \Vater treatment processes are in themselves users of 
water. Normally, 2 to l 0 per cent of the feed water ends up 
as waste generated by treatment processes (see Table Vl-3). 
Thus, the actual water intake is greater than the treated 
water produced. 

EXTERNAL WATER TREATMENT PROCESSES 

Figure VI-I is a schematic diagram of the most common 
external water treatment processes. Properly applied, alone 
or in various combinations, these processes can convert any 
incoming water quality to a usable quality. A dramatic ex­
ample is the conversion of brackish water to a water that 
exceeds the quality of distilled water. 

Note that the flow chart illustrates many processes and 
that a particular process is applied to remove a particular 
contaminant. If that contaminant does not appear in the 
water or is harmless for the intended use of the water, that 
process would not be used. For example, a clear well water 
might not need filtration prior to further treatment. In 
addition, the water use determines the extent of treatment. 
For example, to use Mississippi River water for cooling, 
rough screening to remove the floating debris may be suf­
ficient for some applications, whereas clarification and filtra­
tion may be required for other uses. To use that same water 
for makeup for a super critical pressure boiler would require 
further treatment by ion exchange, perhaps strong cation, 
strong anion, and mixed bed exchangers. 

As previously stated, industry's need for water can be met 
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even under the poorest conditions. However, the use of 
water treatment systems is not without consequence. Ex­
ternal water treatment processes concentrate a particular 
contaminant or contaminants. Thus, in the quest for pure 
water, a waste product is generated. The waste product is a 
pollutant and the cost of its disposal must be considered as 
part of the overall cost of water treatment. 

The estimates of waste volume and solids in Table VI-3 
are based on treating a water with an anah·sis such as shown 
in Table Vl-4. Table Vl-4 also illustrates an analysis of 
several common forms of water treatment. The estimates 
are thus typical only of the water described and· will vary 
with different water supplies. V\'aste volumes are stated as a 
percentage of inlet flow. Thus, a 2,000 gallon per minute 
(gpm) clarifier will discharge 40 to 100 gpm of sludge. 

The following paragraphs briefly describe the available 
treatment methods, outline their capabilities, and combined 
with Table VI-3, provide a general idea of the waste pro­
duced. (The groupings A, B, and C do not imply treatment 
schemes or necessarily indicate a sequence of treatment.) 
The processes are applicable to various water characteris­
tics; it is immaterial whether the supply is surface or ground 
water. Since the equipment used can be of appreciable size, 
available land area can be an important factor in the selec­
tion of a particular process. 

Group A Processes 

Rough Screens Generally installed at the actual point 
of intake, rough .screens are simple bars or mesh screens 
used to trap large objects and prevent damage to pumps 
and other mechanical equipment. 

Sedimentation This process takes place in large open 
basins used to reduce the water velocity so that heavier 
suspended particles can settle out. 

Clarification Chemical additives (e.g., aluminum 
salts, iron salts, lime) are used in large open basins so that 
practically all suspended matter, color, odors, and organic 
compounds can be removed efficiently. 

Lime Softening (cold) The equipment used here is 



similar to that used for clarification. In addition to floccu­
lent chemicals, lime and sometimes soda ash are used in 
large open basins. Clarification is obtained, and a large 
portion of the calcium and magnesium bicarbonates are 
removed. 

Lime Softening (hot) The process is, in general, the 
same as cold except that it is carried out at or above 212 F. 
The results are the same but with the added benefit of silica 
removal. Tl)e characteristics of wastes are the same but at a 
high temperature. Note that further treatment of hot lime 

TABLE VI-3-Waste Generated by Treatment Processes 

Tratmentprocess• 

Rourh screens . .. 
Sedimenlltiot1 .. 
Clarifl<:ltiot1 

ColdlimeSDII!niOJ .. 

HotfimesofteniOJC+212 F). 

Amtion .. 

filtration, f'll•ity, or prasurt . 

Character of waste produced Woste YOiume 
,.,-cenllpfiow 

LIIJI objects, debris 
Sand, mud slurry 5-10 
USIJ,II~ ICidic Chemical SIUdfe 2-5 

and settted Tn3tter 
Alkaline cttemical sludre and 2-5 

settled matter 
Alkaline chemical sludre and 2~5 

settled matter 
Gaseous, possible air pollutant, 

such n hydroren sulfide 
Sludfe, suspended solids 2-5 

(for poCked bed units) 
Adsorption, actinted urban tor Exhausted Clrbon il not re· 2~5 

odors, tntes, 'Dior, orpnics renerated. Small amounts 
carbon fines and other solids 
gn appear in backwuh. 
tarbon rea:enera tion is sepa­
!lte process (usUJIIJ lhermaQ 
in which air pottution prob· 
lems must be mel 

Manpnese zeolite, for iron 
rem on! 

Miscellaneous, e.£., precoat, 
membrane, dual medii firtn­
tionfinestrainina 

Remsecnmosisc .. 

Electrodialysisr .. 

DisliU.tion .. 

lonmhiOf!pr""'""' 
Sodium catJon . 

2-bed deminerofization . 

Mind bed deminnlizltion .. 

lllornalprocesses .. 

Iron otide suspended solids Simit21r to other 
fihrttion prodesses 

As in other filllr• Precoat 1-5 
nste indudts preeDit ma­
terials. 

Suspended and 90-99 percent 1D-50 
of dissolved SD!ids plus chem· 
ical pretrutment if required 

Suspended and ~5 percent 10-50 
of dissol•ed solids plus chem· 
icll pretreatment if reQuired 

Concentrated dissot•ed and tiH5 
suspended solids 

DissoiYed calcium, marnesium ~ 

11d sodium cblorides 
llissohed solids from feed plus 1D-14 

rerenerants 
Disso!Yed sofids from IIIII plus ID-14 

rerenerants 
Chemicals ore odded direct~ 

into operatinr: tycle. At least a 
portion of protess steam ~n· 
tainina added chemicals, dis­
soiYed and suqtended solids 
from feed, and possibly eon· 
lamination from procth can 
be esl!lcted from the cycle for 
disposal or trutmentnd re· 
cycle. 

Eumple of wade 
weiJhl' dry basis 

pounds solids 'I, 0011 
pi processed 

1.3 

1.1 

t.7 

O.HI.2 

O.HI.2 
(plusprecoatma· 
terills when used) 

1.D-2.0 

I.D-2.0 

1.5 

1.3 

>5 

:Processes 1re D5td alane or in nrious combinations. dependiltl upon need. 
Amounts based on IPJIIic:ation of process to raw water shown in Table Yl-t These ntues do aof nocessartiJ opply 
wtaen tttese processes are used in combtnations.. 

'Fled must be RlatiniJ free of suspended malllr. 
• n.. '" many nriltion• Us1ed here are a few of the most importanl 
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TABLE VI-4-Typical Raw Water Analyses and Operating 
Results (mgfl,. unless otherwise indicated) 

Consliluent 

Cltionsc 
talcium .. . 
Marnesium .. 
Sodium .. 
PotasSium .. 

Tolll Cabons .... 
Anions a 

Bicarbonate .. 
tlrbonate ... 
Hydrotide 
SuHate . 
Chloride 
Nitrate. 

Total Aniom .. 
lrono . 
Silica• .. 
Color1• .. 

Turbidity'- . 
pH• 

[>pressed 
IS 

caco, 

Fe 
SiOo 
units 

Rlw Wltef0 

51.5 
19.5 
18.6 
1.8 

91.4 

56.8 

21.8 
12.0 
0.8 

91.4 
0.16 
9.0 

15.0 
tOO.O 
6.5-7.5 

Alllr 
dlrification 

ond 
filtrabon 

51.5 
19.5 
18.6 
1.1 

91.4 

47.8 

30.8 
12.0 
0.1 

91.4 
Nil 
9.0 
2-5 
D-2 

&.D-1.0 

After After 
Aller clarification, dlrification, 

cold time filtnbon, fittrotion, 
llfteninz and sodium- ond 

ond cation deminerali· 
filtration exchanre uti on 

softenin& 

38.7 1.0 
17.5 1.0 
18.6 87.6 1-2 
t.8 1.8 

7E.6 91.4 1-2 

0 47.8 
33.0 0 
0 0 t-2 

30.8 30.8 
12.0 t2.0 
0.1 0.8 

76.6 91.4 1-2 
Nil Nil Nil 
9.0 9.0 0.01 
2-5 Nil Nil 
D-2 Nil Nil 

9.D-11.0 &.D-8.0 7.D-9.0 

a Taken from Livinrstone t9SJR; adjusted slirhtly for ion balance and for e1pression as taco~ equiralents. 
" Deweloped by the Panel for ilhntratin purpo5es.. 

effiuent is generally limited to filtration and sodium cation 
exchange. 

Aeration This process, which can be in several dif­
ferent physical forms, is applied to reduce the concentration 
of carbon dioxide, thereby reducing the chemicals required 
for cold lime softening. Aeration oxidizes iron and manga­
nese to allow their removal by clarification, lime softening, 
or filtration. No solid wastes flow from an aerator, but re­
leased gases such as hydrogen sulfide can present a problem. 

Miscellaneous There are other special variations of 
all the primary treatment methods that can be applied 
under specific circumstances. 

Group B Proceues 

Filtration This process uses gravity, or pressure units 
in which traces of suspended matter are removed by pas­
sage through a bed of sand, anthracite coal, or other granu­
lar material. In general, the effiuent at the primary stage 
must be filtered prior to further treatment. Some waters 
can be filtered without primary treatment. A filter is cleaned 
by reversing the direction of the water flow (backwashing). 

Adsorption This is a separation process designed pri­
marily to remove dissolved organic materials including 
odor, taste, and colorcproducing compounds. Activated 
carbon is generally used for this purpose. Backwashing of 
fixed adsorption units produces small amounts of solids as 
the feed has generally been filtered prior to passage over 
the carbon. Expanded bed adsorption units do not require 
regular backwashing. Chemical or thermal regeneration of 
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(Items not enclosed in boxes indicate typical water 
uses for treatment methods shown.) 
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carbon can remove adsorbed impurities and restore adsorp­
tive efficiency and capacity. 

Manganese Zeolite This process, specifically used for 
iron removal, is a special combined form of oxidation and 
filtration with a feed of potassium permanganate. 

Miscellaneous Many specialized forms applicable to 
specific conditions are available. These include precoated 
filters, membrane filters, strainers, and dual media filters. 

Group C Processes 

Ultrafiltration Various types of pressure filters in­
cluding membranes, cartridges, and discs can remove sus­
pended solids larger than 0.1 to 1.0 micron, depending on 
the application. 

Reverse Osmosis This relatively new development 
uses high pressures to force water through a membrane, pre­
venting the passage of all suspended matter and up to 90-
99 per cent of dissolved solids. The product water can be 
used directly or may require further treatment by ion ex­
change. The influent must be essentially free of suspended 
solids. 

Electrodialysis A relatively new development, this 
process uses cationic and anionic membranes with applied 
direct current to remove dissolved solids. The product water 
can be used directly or may require further treatment by 
ion exchange. The feed must be essentially free of suspended 
matter. 

Distillation This process uses thermal evaporation 
and condensation of water so that the condensate is free of 
suspended solids and 98-99 per cent of the dissolved solids 
are removed. Certain conditions may require the addition 
of special chemicals. The product water can be used directly 
or may require further treatment by ion exchange. The feed 
must be relatively free of suspended matter. 

Ion Exchange Ion exchange is a versatile process with 
several dozen variations. Ion exchange technology is rapidly 
advancing. i\ew resins, regeneration techniques, and opera­
tion modes are being introduced. Some of the more common 
applications are shown in Table VI-3. The exact arrange­
ment of an ion exchange system depends upon raw water 
quality, desired treated water quality, flow rate, and 
economics. Total demineralization can remove in excess of 
99 per cent of dissolved solids with feeds as high as 2,000 
parts per million (ppm) or more. The waste produced by 
an ion exchanger includes the backwash and rinse waters, 
the regeneration effluent containing the exchanged-ions, and 
the excess regenerative chemical. In general, the feed to any 
ion exchanger should contain no or only small quantities of 
suspended matter, color, and organics. 

Cation Cation exchange removes cations from the 
water and replaces them with other cations from an ion 
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exchanger. When in the hydrogen or acid form, strong ca­
tion (i.e., strong acid) can exchange hydrogen ions for the 
cations of either weak or strong acids, whereas weak cation 
(i.e., weak acid) exchanges hydrogen only for that fraction 
of cations equivalent to the weakly acidic anions present, 
such as bicarbonate. 

Sodium Cation This is the simplest form of ion ex­
change. Sodium ions are exchanged for hardness ions (e.g., 
calcium, magnesium). 

Anion Anion exchange removes anions from the water 
and replaces them with other anions from the ion exchanger. 
V\'hen in the base form, strong anion exchangers are capable 
of exchanging hydroxyl ions for the anions of either weak or 
strong acids, whereas weak anion exchangers exchange only 
with anions of strong acids. 

Demineralization In industrial water treatment, de­
mineralization refers to a sequence of cation exchange in 
which hydrogen ions are substituted for other cations fol­
lowed by anion exchange in which hydroxyl ions are substi­
tuted for other anions. The product is H+ plus OH-; i.e., 
water. 

Mixed Bed Mixed bed exchange provides complete 
demineralization in one step by the use of an intimate mix­
ture of cation and anion resin in one unit. It is generally 
used for the polishing service step of high purity water. A 
cation-anion exchange system might produce a water con­
taining 1.0 ppm of dissolved solids. After treatment by 
mixed bed, the solids would be down as low as 0.01 ppm. 

Miscellaneous There are several specialty ion ex­
changers including: dealkalizers---chloride anion exchange 
for the removal of alkalinity; desilicizers-hydroxide anion 
exchange for the removal of silica (without previous hydro­
gen cation). Degasification equipment is used to remove 
carbon dioxide in order to reduce the work of the strong 
anion units that follow. 

INTERNAL WATER TREATMENT PROCESSES 

Internal water treatment processes are numerous. They 
include the addition of acid and alkali for pH control; 
polyphosphates, phosphonates, or polyelectrolytes for scale 
control; polymers for dispersal of sediment; phosphates and 
alkali for precipitation of hardness; a mines, chromates, 
zinc, or silicates for corrosion control; sulfites or hydrazine 
for oxygen scavenging; and polyphosphates for sequestra­
tion of iron or manganese. Here again, the chemical feed is 
determined by the requirements. The industrial user pro­
duces the water quality that is needed, but a problem can 
be created when the user must dispose of all or part of the 
treated water. The choice of chemicals added to water must 
be considered in light of their potential as pollutants. 
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ANNOTATED BIBLIOGRAPHY 
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EARLOW 72 
BRlNE TREATMENT/~FENT FLUIO CISPOSAL 

TITLE- BASIC DISPOSAL-WELL DESIGN. 

AUTHOR• BARLOW, A.C. tOU PONT DE ~€HOURS (f.Ie) AND 
CO., WILMINGTON, DEL. (USA). ENGINEERI~G DEPTe1e 

COOK, T.O. UC.) 

REFERENC£- UNOtRGROUN( WASTE MANAGEMENT AND 
ENVIRONMZNTAl IMPLICATIONS. AM. ASSOC. PETe 
GEOL., TULSA, OKLA., DEC 197~, MEMOIR 18, P. 
72-7&. 

DESCRIPTORS- DEEP WELLS: INJECTION WfLLS~ 
UNDERGROUND OISFOSAL; WASTE DISPOSAL; WELL 
CASINGS~ WELL CEMENTING; WELL CCHPLETION~ WELL 
OESI GN. 

2 

EARNES 72 
BRINE TREATME~T/~FENT FLUIC DISPOSAL 

TITLE- WATER-MINE~AL REACTIONS RELATED TO PCT~NTIAL 
FLUID-INJECTION PROBLEMS. 

AUTHOR- BARNES, I. £GEOLOGICAL SURVEY, ~ENLO PARK, 
CALIF. WSA). !lATER RESOURCES DIVe]. 

cooK, r.o~ u:c., 

REFERENCE- UNDERGROUN( WASTE MANAGEMENT AND 
ENVIRONM~NTAL IMPLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, OKLA., DEC 1972, HEHCI~ 18, P. 
294-297. . 
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DESCRIPTORS• CARBONATES; CHEMICAL ANALYSIS; CHEMICAL 
REACTIONS; CLAY MINERALS; FREE ENERGY; 
HYDROXIDES; INJECTION WELLS; LIQUIC WASTES; 
ROCK-FLUID INTERACTIONS; SILICATES; SULFIDES; 
THERMODYNAMICS; UNDERGROUND DISPOSAL. 

3 

BE!iGSTROH 68 
BRlNE TREATHENT/~FENT FLUIC DISPOSAL 

TITLE- FEASI£ILITY OF SUBSURFACE DISPOSAL OF 
INDUSTRIAL WASlE~ IN ILLINOIS. 

AUTHOR- BERGSTROM, ~.E. £ILLINOIS STATE GEOLGGICAL 
SURVEY, URBANA, ILL • WSA) l • 

REFERENCE- FEASIBILIT~ OF SUBSURFACE DISPOSAL OF 
INDUSTRIAL WASTE~ IN ILLINOIS. CIRCULAR 426, 
ILL. STATE GEOLCGICAL SURVEY, UReANA, Illet 
196 8, 18 P. • 

DESCRIPTORS• AQUIFE~S; DEEP WELLSl FEASIBILITY 
STUOIES1 GEOLOGY; HYDROLOGY; INJECTION WELLS; 
LIMESTONE; LIQUI£ WASTES; LIT~OLOGY; 

PERM~ABILITY; FCLLUTION: PCROSITY; REGULATIONS; 
ROCKS; SANDSTONE; UNDERGROUND DISPOSAL; WATER 
POLLUTION; WATER QUALITY; ILLINOIS; ILLI~OIS 
BASIN. 

4 

SOOTH 72 
BRI~E TREATHENT/~PENT FLUIC DISPOSAL 

TITLE- FINAL DISPOSAl OF EFFLUENT BRINES FRCM INLAND 
DESALTING PLAN1S. 

AUTHOR- BOOTH, J.R., JR.:SfiEPHERDt 3.P.;MCILHENNY, 
w.F. (DOW CHEMICAL CO., FREEFORT, TEX. (USA)]. 

REFERENCE- FINAL DISFCSAL OF EFFLUENT BRINES FROH 
!~LAND O~SALTING PLANTS. INT•OSW•ROPR-72•817, 
OFFICE OF SALINE WATER, WASHJNGTON, HAY 1972, 
.1. 81 p •• 

DESCRIPTORS- AQUIFERS: BIOLOGICAL FOULING; E~INE 

TREAtMENT; BRINES: CASE HISTCRIES; CHEMICAL 
ANALYSIS; CHEMICAL COMPOSITION; 
CRYSTALLIZATIO~; DEEP WELLS; G£SALINAliCN; 
DESALTING PLANTS; DISPOSAL FCRMATIONS; 
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DISSOLVED SOLIJS: DOLOMITE RCCKS; fCCNC~ICS; 
ELECTRODIALYSIS; ENVIRONMENT~ £FF£CTS~ 
EVAPORATION PONQS; RESERVOIR PR~SSURE: GEOLOGY; 
GRAVEL PACKING; INJECTION WELLS; LEGAL ASPECTS; 
LIQUID WASTES; LITHOLOGY; PER~EABILITY1 
PERMEABILITY RESlORATION: PG VALUE; PORCSITY; 
REVERSE OSMOSIS; SANDSTONE; STRATIGRAPHY~ 
UNDERGROUND OISFOSAL: WASTE OISFOSAL; kELL 
DESIGN; WELL LCGGING: SAN JUA~ BASIN; ~A~SAS; 
COLORADO: TEXAS; NEW MEXICO; ~ORTH DAKOTA. 

5 

CAVIS 72 
BRIN£ TREATMENT/~FENT FLUID DISPOSAL 

TITLE- CONTROL OF UNCCNSOLIDATEO SANOS IN 
WASTE-DISPOSAL kELLS. 

AUTHOR- DAVIS, K.E.;FLNK, R.J. {SUeSURFACE DISPOSAL 
CORPORATION, HOt,;HON, TEX. CUSA)J• 

COOK, T.D. {;:'(.) 

REFERF.NCE- UNDERGROUNC WASTE MANAGEMENT AND 
ENVIRONMENTAL II"'PLICATIONS. AM. ASSOC. FETe 
GEOL., TU.LSA, OI<LA., DEC 1972, HEMCI~ 18, P. 
112-118. 

DESCRIPTORS- CAS~ HISTORIES; DEEP WELLS: OISFOSAL 
FORMATIONS: EXPERIMENTAL RESULTS; FIELD 
STUOERGROUNO 0 lS POSAL: WASTE 0 ISPOSAL; WELL 
COMPLETION; WELL DESIGN: TEXAS~ LOUISIANA; IES; 
FORMATION CAPACllY; GRAVEL PACKING; OILFIELD 
BRINeS; SAND CO~TROL; SANDSTONE; UNO•E 

SC=OONALDSON 72. 

8RlNE TREATMENT/~FENT FLUIO DISPOSAL 

TITLE- INJECTIO~ WELLS AND OPERATIONS TOOAY. 

AUTHOR- DONALDSON, E.C. £BUREAU OF MINES, 
BARTLESVILLE, OKLA. (USA). BA~TLESVILLE ENERGY 
RESEARCH CENTE~1. 

COOK, T.O. (EC.J 

REFERENCE- UNOERGROU~C WASTE MANAGEMENT AND 
ENVIRONMENTAL I~PLICATIONS. AM. ASSOC. PETe 
GEOL., TULSA, OKLA., DEC 1972, MEMOIR 18 9 P. 
24-46. 
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DESCRIPTORS- ACIOIZATlON~ BACTERIA; CASE ~!STORIES; 
CHEMICAL ANAL~SIS; CHEMICAL CCMPATIEILITY; 
CHEMICAL COMPOSITION: CLAY MINERALS; CC~ROSICN~ 
CORROSION IN~IBilORS: DEEP hfLLS; DISPOSAL 
FORMATIONS; iJOLCI'ITE ROCKS: ,ECONOMICS: 
ENVIRONM~N1AL £FFECiS; FILTRATION; FLUIC 
MECHANICS; FLOCCULATING AGENTS; FLOW RATE; 
GEOLOGY; GFOUNO ~ATtR: HYDRAULIC FRACTURING: 
INDUSTRIAL WASTE~; INJECTION WELLS! LI~ESTONE1 
LIQUID WASTES; LITHOLOGY: MAT~EMATICAL MCDELS; 
MfASURING METHOCS: OILFIELD e~INfS; 
PERMEABILITY; PH ADJUSTMENT: PH ~ALUE: 
PLUGGING: POROSITY: PRECIPITATION; 
PRE-INJECTIO~ T~EATMENT: RESE~VCIR P~OPERTIES: 

SANDSTONE; SCALI~G; SCALING CCNTROL! SFECIFIC 
INJECTIVITY INOEX; SURFACE EQUIPMENT; SLSPENCEC 
SOLICS; THEO~t.T:&:CAL TREATMENTS~ TRANSMISSIVITY; 
UNOE~GROUNO OISFOSAL: WASTE CISFOSAL: WASTE 
MANAGEMENT; WASTE WATER; WELL CASINGS. 

7 

DONALDSON 74 
BRl~E TREATMENT/SF£NT FLUIC DISPOSAL 

TITLE- SUBSURFACE WASTE INJECTION IN THE UNITED 
STAT~S. FIFTEEN CASE HISTOR1£S. 

AUTHOR- DONALOSCN, E.C.;THOMAS, R.D.;JOH~Sl~~~ K.H. 
{ BARTLC:S'JILL£ Et\ERGY RESEARCH CENTER, 
BARTLESVILLE, CI<LA. WSA) 1. 

REFERENCE- SUSSURFACE WASTE INJECTION IN THE lNITED 
STATES. FIFTEEN CASE HISTORIES. I~FOR"ATION 
CIRCULAR !636, EUREAU OF MINES, 
WASHINGTON,o.c., 1974, 72 Pee 

DESCRIPTORS- ACIDIZAT!ON1 AQUIFE~S; BIOLCGICAL 
FOULING~ CASE ~!STORIES~ CHEMICAL 
COMPATIB!LITV~ CHEMICAL REACliONS; CLAY 
MINERALS: CORROSION; DEEP WELLS; DISPOSAL 
FORMATIONS; DOlCtiTE ROCKS; iCCNOMICS; 
FILTRATION; FLCCCULATION; FLOW RATE; GECLOGY; 
GROUND W~TER; HYDRAULIC FRACTURING; HYDRAULICS~ 
HYDRODYNAMICS; ~YDROGEOLOGY; HYDROLOGY; 
HYDRODYNAMIC GRACIENT: INDUSl~IAl HASTES; 
INJECTION PRESSl~E: INJECTION RATES; INJECTION 
WELLS; LEGAL ASPECTS: LIMESTCNE; LIQUIC ~ASTES; 
LITHOLOGY; PERMEABILITY; PH ACJUSTMENT; 
PLUGGING~ POLLUTION~ POROSITY; PRECIPITATION; 
PRE-INJECTION T~EATMENT; RESERVOIR PROPERTIES; 
RESERVOIR PRESS~FE: SANDSTONE; SEDIMENTATION; 
SHALE; STORAG~ CAPACITY! STRATIGRAPHY; 
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SUBSURFACE RESERVDIRS; SURFACE EQUIPMENT; 
SUSPENDED SOLIDS~ UNOERGROUNC DISPOSAL; WASTE 
DISPOSAL." 

8 

Efo'RLICH 72 
BRI~£ TREATMENT/SPENT FLUID DISPOSAL 

TITLE- ROLE OF BIOTA IN UNDERGROUND WASTE INJ£CTICN 
AND STORAGE, 

AUTHOR- EHRLICH, G.G. [GEOLOGICAL SURVEY, MENLO 
PAR.K, CALIF. CUSA)]. 

COOK, T .o. <EC.) 

REF~RENCE- UNDERGROUh( WASTE MANAGEMENT ANO 
ENVIRONMENTAL IMPLICATIONS. AH. ASSOC. PET. 
GEOL,, TULSA, OKLA., DEC 1972, MEHOIR 18, Pe 
298-307. 

DESCRIPTORS- BACTERIA; BIOLOGICAL EFFECTS~ 
BIOLOGICAL FOUliNG: CHEMICAL REACTIONS; 
CORROSION; GROU~C WATER; INJECTION WELLS; 
MICROORGANISMS; OILFIELD 8RINES; PETROLEUM 
INDUSTRY~ PLUGGI~G; UNDERGROUND OISFCSAL; WASTE 
DISPOSAL, 

9 

fERRIS 72 
BRlNE TREATMeNT/SPENT FLUIC DISPOSAL 

TITLE- RESPONSE OF HYDROLOGIC SYSTEMS TO WASTE 
STORAGE. 

AUTHOR- FlR~IS, J.G. (GfOLOGICAL SURVEY, WAS~INGTCN, 

D.C. <USA). WATi:.l' RESOURCES OIV•1• 

C 0 OK , T • 0 • ( E t • ) 

REFERENCE- UNJERGROU~( WASTE MANAGEMENT AND 
ENVIRONM~NTAL IMPLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, CKLA., DEC 1972, MEMOIR 18, ~. 
12b-132. 

DESCRIPTORS- AQUIFERS: AQUITARDS; OEfP WELLS; 
ENVIRONMENTAL EFFECTS: FLUID MEC~ANICS; FLOW 
RATE: GEOLOGY: G~OUNO WATER: HYOROLQGY: 
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INJECTION PRESSURE; LIQUIC WASTES; 
PERMEABILITY; FRESSURE BUILO~P; TRANSMISSIVITY; 
UNDERGROUND OISFOSAL; WASTE DISPOSAL; WASTE 
FRONT. 

1C 

FRYeERGER 72 
BRINE TREATMENT/SPENT FLUIC DISPOSAL 

TITLE- REHABILITATIC~ OF A BRINE-POLLUTED AQUIFER. 

AUTHOR- FRYBERGER, J.~. tENGINEERI~€ ENTERP~ISES, 

NORMJ\.N, Ot<LA. WSA l l • 

REFERENCE- REHABILITAliON OF A BRINE-POLLUTED 
AQUIFER. EPA-RZ-72-014, ENVI~ONHENTAL 
PROTECTION AGE~CY, WASHINGTO~, DEC 1972, 61 P •• 

DESCRIPTORS- AQUIFER "EHABILITATION; AQUIFERS; 
BRIN~s; CHlMICAL COMPOSITION; CHEMICAL 
REACTIONS~ DEEF WELLS; DESALINATION; ECO~OHICS; 
ENVIRONMENTAl EFFECTS; EVAPORATIGN PONDS; 
FEASIBIL!TY STUOlES; FLOW RATE; GEOLOGY; GROUND 
WATER; HYCRAULlCS; HYDROLOGY; INJECTION WELLS; 
OILFIELD BRINES; POLLUTION; POLLUTION 
REGULATIONS; STRATIGPAPHY; U~CERGROUNO 
DISPOSAU WASTE CISPOSAL; WATER CHEMISTRY; 
WATER POLLUTIO~: WELL DESIGN; ARKANSAS. 

11 

GALLEY 72 
BRINE iREATMENT/SFENT FLUlC DISPOSAL 

TITLE- GEOLOGIC FRAMf~ORK FOR SUCCESSFUL UNDERGROUND 
WASTl MANAGENENT. 

AUTHOR- GALLEY~ J.E. (GEOLOGICAL CCNSULTANTt 
KERRVILL(, T~x. CUSAJ1. 

COOK, T.O. (EG.J 

REFERENCE- UNDERGROUNC WASTE MANAGEMENT ANO 
ENV!RONM~NTAL I~PLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, OKLA., DEC 1972, MEMO!~ 18, Pe 
119-125. 
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DESCRIPTORS- AQUIFERS; CHEMICAL ANALYSIS: C~EMICAL 
COMPATIBILITY; CHEMICAL ~EACliONS; CLAY 
MINERALS: DE~P ~ELLS: DISPOSAL FORMATICNS; 
DOLOMITE ROCKS; !:CONOMICS; E~VIRONMENTAL 
EFFECTS; FLOW ~AlE; GEOLOGY; GROUND WATER; 
HYDROGEOLOGY; HYDROLOGY: HYD~OOYNAMIC GRADIENT: 
LIMESTONF; LIQUI£ WASTES~ LITHCLOGY; 
PERMF.ABILITY; PC~OSITY: POROUS M~OIA; ~ESE~VCIR 
PROPERTIES: ROCK~~ SANDSTONE; SEDIMENTARY 
ROCKS: SEISMCLCGY: SHAlE; SUSSURFACE 
RESERVOIRS: UNCERGROUNO DISFCSAL; WASTE 
DIS PO SAL: WASTE ~ANAGEMENT; WELL DRlL L I~G; HELL 
INTERFER!=:NCU lot:LL LOGGING. 

12 

GREENFIELD 72 
BRINE TREATMENT/~FENT FLviC CISPOSAL 

TITLE- EPA--THE ENVIRONMENTAL WATCHMAN. 

AUTHOR- GREENFIELD, S.M. £ENVIRONMENTAL PROTECTION 
AGENCY, WASHINGlCN, D.C. <USA)J. 

C 0 OK , T • 0 • ( E 0 • ) 

REFERENCE- UNOERGROUhD WASTE MANAGEMENT AND 
fNVIRONHfNTAi. HPLICATIONS. AM. ASSOC. FETe 
GEOL., TULSA, OKLA., DEC 1972, MEMCI~ 18, Pe 
14-18. 

DESCRIPTORS- CASE HISlORIES~ DEEP ~ELLS; DISFOSAL 
FORMATIONS~ ~A"T~QUAKES; ENVI~ONMENTAL EFFECTS; 
ENVIRONMENTAL P~CTECTION ~GENCY; EVAPCR~TION 
PONDS; GROUNC WATER; INJECTIO~ WELLS~ 
MONITORING; POLLUTION; POLLUTION REGULATIONS; 
UNDERGROUND OISFOSAL; WASTE OISFOSAL. 

13 

GRUEBS 72 
BRINE TREATMENT/SPENT FLUID CISPOSAL 

TITLE- COMPATIBILITY CF SUBSURFACE RESE~VQIRS WITH 
INJECTED LIQUIC ~ASTES. 

AUTHOR- GRUBBSt O.H.;HAYNES, C.D.~~UGHES, T.H.~STOH, 
S.H. (ALABAMA UNIV., UNIVERSITY (USA). NATUR'L 
RESOURCES CENTERJ. 
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REFiRFNCE- COHFATIBILITY OF ~UBSU~FACE RESE~VOIRS 
WITH INJECTED LIQUID WASTES. REPORT 721, THE 
UNIVERSITY Of ALABAMA, UNIVE~SITY, AL~., JUN 
197 2' 128 p •• 

DESCRIPTORS- CARBONATES; CHeMICAl ANALYSIS; C~EHICAL 
COMPATIBILITY~ CH~HICAL REAC1IONS: CLAY 
MINERALS: COMPUTER CALCULATICNS; DEEF ~ELLS; 
DOLOMITE ROCKS1 EXOERIMENTAL RESULTS; fLUID 
MECHANICS; FLOW RATE: GEOCHE~ISTRY; 
HYDRODYNAMICS; HYDROXIDES; I~CUSTRIAL WASTES; 
INJECTION PRESSL~E; INJECTIO• WELLS: LIQUID 
WASTES; MATHEMATICAL MODELS: K~A~UR!NG 
INSTRUMENTS; MEA~URING METHODS; MINERALOGY; 
PERMEABILITY; PElROGRAPHY; PLUGGING PO~CSITY; 
POROUS Mf.DIA; PRECIPITATION; ~OCK-FLUIC 
INTERACTIONS! fCCKS: SUBSURFACE RESE~VCif<S; 
SUSPCNOED SOLICS: THEORETICAL TREATMENTS1 
UNDERGROU~D DISFCSAL; WASTE DISPOSAL; hASTE 
WATER. 

lit 

Gf<U98S 73 
8RI~E TREATMENT/!PENT FLUIC DISPOSAL 

TITLE- PF.RMEABILiiY ~ESTORATION I~ UNOERG~OUNO 
DISPOSAL RESERVOIRS. 

AUTHOR- GRUBBS~ D.M.~HAYNES, C.O.;WHITTLE, G.P. 
£ALABAMA UNiv., UNIVERSITY (USA). NATURAL 
RESOURCES CENTER]. 

REFERENCE- PERMEABILITY RESTORATIC~ IN UNOERG~OUNO 
DISPOSAL RES~RVCIRS. REPORT 733, THE 
UNIVERSITY OF ALABAMA, UNIVE~SITY, ALA., SEP 
1973, 138 P •• 

DESCRIPTORS- ABRASIO~~ ACIO!ZATICN~ 8~INES; 
CARBONATES~ CHEMICAL ANALYSIS; CHEMIC~l 
REACTIONS; CLAY MINERALS; CO~FUTER 
CALCULATIONS; CEEP WELLS; DIHCSAL FORMATIONS; 
ECONOMICS; FLOW ~ATE: HYDRAULIC FRACTURING; 
INJECTION PRESS~~E; INJECTIO~ HELLS; LIQUID 
WASTES; MEASURING INSTRUMENTS; MEASU~ING 
METHODS; PfRHEAEILITY: PERMEABILITY 
RESTORATION; Pt- ADJUSTMENT; FLUGGING; 
PRECIPITATION; FFESSURE BUILDUP; REAMING; 
ROCKS; SA~DSTO•E: SCALING; U~OERGROUNC 
DISPOSAL; WASTE PROCESSING. 
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H~NSHAW 72 
BRINE TREATMENT/!FENT FLUit DISPOSAL 

TITLE• NATURAL-MF-MBRANE PHENOMENA ~NO SUBSU~F~CE 
WASTE EMPLACEHE~T. 

AUTHOR· HANSHAW. 8.3. [GFOLOGICAL SURVEY, 
WASHINGTON, D.C. «USA) 1 • 

COOK, T.O. (EO.) 

REFERENCE• UNOERGROUN( WASTE MANAGEMENT AND 
ENVIPONM~NTAL IMPLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, OKLA., DEC 1972, MEHOI~ 18, Pe 
308-317. 

OESCRI PTORS- AQUIFERS~ AQUIT AROS; CHEMICAL 
REACTIONS; ClAY MINERALS; DEEP WELLS; GEOLOGY; 
HYDRAULIC FRACTU~ING; HYDRODYNAMICS; 
MATHEMATICAL MCDELS; OSMOSIS; PRESSURE EUILOUP; 
REVERSE OSMOSIS; SALINE AQUIFERS; SALINITY: 
SHALE; SUBSURFACe RfSERVOIRS; TRANSMISSIVITY; 
UNDE~GROUNO DISFOSAL; WASTE DISPOSAL; ZETA 
POTENTIAL; SAN JUAN SASINe 
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HARRISON 72 
aRINE TREATMENT/SPENT FLUIC DISPOSAL 

TITLE- FEDERAL REGULATIONS AS THEY RELATE TO 
UNDERGROUND WASTE MANAGEMENT. 

AUTHOR- HARRISON, T.P., II [ENVIRONMENTAl P~CTECTION 
AGENCY, DALLAS, lEX. <USA) 1 • 

COOK, T.O. (cO., 

REFERENCE• UNDlRGROU~C WASTE MANAGEMENT ANC 
ENVIRONMeNTAL IMPLICATIONS. AH. ASSOC. PET. 
GEOL., TULSA, OKLA., DEC 1972, MEMOI~ 18, P. 
376-3 80. 

DESCRIPTORS- ENVIRON~ENTAL EFFECTS~ ENVI~ONMENTAL 
PROTtCTION AGENCY; INJECTION WELLS; LEGAL 
ASPECTS; POLLUTICN LAWS; POLLUTION REGULATIONS; 
R£GULATIO~S; UND£RGROUNO DISPOSAL; WASTE 
MANAGEMENT; WAlt~ POLLUTION. 
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HAYNES 69 
BRI~E TREATMENT/~FENT FLU!C DISPOSAL 

TITLE- DESIGN AND COST OF LIQUIC-WASTE DISPOSAL 
SYSTEMS. 

AUTHOR- HAYNESi c.o.;GRUBBS, O.M. [ALABAMA UNIV., 
UNIVERSITY (USA). NATURAL RESCURCES CE~TfRJ. 

REFERENCE- DESIGN ANG COST OF LIQUIO•WASTE CISPOSAL 
SYSTEMS. REPORT 692, UNIVERSITY OF ALAEAMA, 
UNIVERSITY, ALA., DEC 1969, 120 P •• 

DESCRIPTORS- BRINES; CHEMICAL COMF~TIBILITY; 
CHEMICAL REACTICNS; COMPUTER CALCULATICNS~ 
CORROSION1 COR~OSION INHIBITORS; DEEF WELLS~ 
DISPOSAL FORMAllCNS; ECONOMICS; FEASIBILITY 
STUDIES: FILTRATION; HYDRODYNAMICS; INJECTION 
WELLS; LIQUID WA~TES: OILFIELC BRINES; 
PERMFABiliTY: PIPELINES: PRECIPITATION; 
PRE-INJECTION T~EATMENT; SUBSURFACE ~ESERVOIRS; 
SURFACE EQUIPMENT; SUSPENDED SOLIDS; 
UNDERGROUND OISFCSAL: WASTE CISPOSAL; WElL 
CASINGS; WELL CE~FNTING; WELL DATA; WELL 
DESIGN; WELL LOGGING; ALABAMA. 
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HENRY 72 
BRINE TREATME~T/~FENT FLUIC CISPOSAL 

TITLE- CIRCUL~TIDN FATTfRNS OF SALINE GROUNO~ATER 
AFFECTED BY GEOTHERMAL HEATING--AS REL~TEO TO 
WASTE DISPCSAl. 

AUTHO~- HtNRY, M.R. !ALABAMA UNiv,, TUSCALCQSA, ALA. 
<USA). DEPT. Cf CIVIL AND MINERAL ENGINEERING). 

KOHOUT, F,A, {GtOLOGICAL SURVEY, WASHINGTON, 
D.C. (USA)Je 

COOK, T,O, (fCel 

REFERENCE• UNJERGROU~( WASTE MANAGEMENT ANO 
ENVIRONMENTAl I~PLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, OKLA., DEC 1972, MEMOIR 18t Pe 
202-221. 

DESCRIPTORS- AQUIFE~S; COHPUTf~ CALCULATICNS; 
CONVECTION; OEEF WELLS; DIFFUSION; OISFCSAL 
FORMATIONS; DOlCtiTE ROCKS~ ENVIRONMENTAL 
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EFFECTS; EXPERIM~NTAL RESULTS; FLOW RAlE; 
GEOLOGY~ GEOTH~R~AL ENERGY1 GROUND WATER; 
HYDRAULICS; HYO~CGEOLOGY; INJECTION WELLS; 
LIMESTON~; LIQUI[ WASTES; MATHEMATICAL ~COELS; 
SALINE AQUIFERS; SALINITY; T£MPE~ATU"E LCGGING; 
THEOFETICAL TREATMENTS; TEHP£RATURE fRACIE~TS; 
UNOERG~OUNO DISFCSAL: WASTE OISFOSAL; WATER 
CHEMISTRY; FLO~IOA. 
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HILL 72 
BRlNE TREATME~T/~FENT FLUIC DISPOSAL 

TITLE- REGULATION CF SUBSURFACE DlSFOSAL IN TEXAS. 

AUTHOR- HILL, R. £TEXAS WATER QUALITY BOARD, AUSTIN, 
TEX. (USA)). 

COOK, T.o. (c[.l 

REFERENCE• UNOE~GROU~[ WASTE MANAGEMENT ANO 
ENVIRONMENTAL IMPLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, OKLA., DEC 1972, MEMOIR 18, P. 
381-385. 

DESCRIPTORS• DEEP W~LLS; ENVIRONMEhTAL EFFECTS; 
GEOLOGY; GROUN [ "ATER; HYGRO LOGY:: INJF.CTION 
WELLS; LEGAL ASFECTS; LIQUID WASTES: LITHOLOGY; 
MONITORING: OILFIELD BRINES; PRESSURE EliLOUF; 
REGULATIONS~ SUESURFACE RESE~VCIRS: UNCERGROUND 
DISPOSAL; WASTE CISPOSAL~ WASTE PROCESSI~G; 
WELL COMPLETION; WELL DATA; toELl OESIGt;; TEXAS. 
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HOOVER 69 
BRINE TREATMENT/SPENT FLUIC CISPOSAL 

TITLE- SEISMIC ACTIVITY DURING THE 1968 TEST PUMPING 
AT THE ROCKY HOLNTAIN ARSENAL DISPOSAL ~ELL. 

AUTHOR- HOOVER, O.B.;CIETRICH, J.A. £GEOLCGICAL 
SURVEY, CARMELt CALIF. (USA)]. 

REFERENCE- SEISMIC AC1IVITY DURING THE 1968 TEST 
PUMPING AT THE ~CCKY MOUNTAIN ARSENAL CISPOSAL 
WELL. CIRCULAR 613, GEOLOGICAL SURVEY, 
WASHINGTON, 196St 35 P •• 

B-11 



DESCRIPTORS- CHEMICAL ANALYSIS! CO~NATE WAlE~; OEEF 
WElLS; LIQUID "AST£S; MONITO.ING~ SEISMOLOGY; 
TFMPCRATURE LOGGING: TRANSMISSIVITY: 
U~OERGROUNO OISFCSAL: WASTE DISPOSAL; ~ASTE 
WATER: WAT~~ PClLUTION: ROCK' MOUNTAINS; 
COLO~AOO: DENVE~ BASIN. 

21 

liOWER 72 
aRINE TPEATME~T/SFENT FLUIC DISPOSAL 

TITLE- COMPATIBILIIY OF INJECTION FLUIDS WITH 
RfSEkVOIP COMPONENTS. 

AUTHOP- HOWFR, w.F.:LJSAfER, R.H.;MIHRAM, R.G. 
£HALLIBURTON SE~~ICES, DUNCAN, OKLA. (USA)l. 

COOK, T.D. (fC.) 

REFERENCE- UNDERGROU~{ WASTE MANAGEMENT ANC 
ENVH:ONMFNTAL ltiPLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, OKlA., DEC 1972, M£MOI~ 18, P. 
2 87-293. 

DESCRIPTORS- 3ACTcRIA; BIOLOGICAL FOULING; E~INES~ 
CARBONATES; CASi HISTORIES! C~EMICAL 
COMPATIBILITY; CHFMICAL REACTIONS; CLAY 
MINERALS: DEEP ~ELLS; HYDRAULIC FRACTUfH.NG; 
INJECTION WELLS: LIQUID WAST~S; PERM£AeiLITY; 
PERMEABILITY RES10RATION~ ?~ ADJUSTMENT; PH 
VALUE; PLUGGING; PRECIPITATICN; PRE-INJECTION 
TREATMENT: RfSERVOIR PROPERTlES; ROCK-FL~IO 
INTERACTIONS; SANDSTONE; SILICA MINERALS; 
SUBSURFACE RESERVOIRS; SUSPE~CEO SCLIOS; 
UNDERGROUND DISPOSAL: WASTE DISPOSAL. 
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LACEY 71 
BRI~E TREATMENT/~FENT FLUIC OISPOSAL 

TITLE- OEMINER~LIZATlCN OF WASTEWATER BY THE 
TRANSPORT •OEPLET lON PROCESS • 

AUTHOR- LACEY, R.E.:hUFFMAN, E.L. {SOUTHE~N RESEARCH 
INST., BIRMINGHAM, ALAe WSAJJ. 
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. REFERENCE- OEM~NERALI ZA TION OF WASTEWATER BY THE "" 
TRANSPORT-DE PLET lON PROCESS • WATER POLLUTION 
CONTROL RE~EARCH SERIES NO. 17040EUN02171t 
ENVIRONMENTAL P~CTECTION AGE~CY, WAS~I~GTON, 
D.c., FEB 1971, 86 P •• 

DESCRIPTORS- DEMINE~ALIZATION~ DESALINATION~ 
ECONOMICS; ELECT"OOIALYSIS; ~CALING: WASTE 
PROCESSING; ~ASTE WATER. 

23 

LEGROS 69 
BRINE TREATME~T/SFENT FLUID DISPOSAL 

TITLE- A STUDY OF OEEF-WELL DISPOSAL OF DESALINATION 
BRINE WASTE. 

AUTHOR- LEtROSi P.G.;GUSTAFSON, C.E.;~EVILL, 
G.L.;MAJ~SKEt ~.C.:MATHEWS, ~.D.;TALECT, 
J.S.~MCILHENNY, W,F. [00W CHEMICAL CC., 
M I 0 LA NO , M I C H • (US A) 1 • 

REFERENCE- A STUDY OF OEEP-WfLL CISPOSAL CF 
DESALINATION 8~I~E WASTE. RESEARCH AND 
DEVELOPM~NT PRC~~ESS REPORT NO. 456, OFFICE OF 
SALINE WATER, WA~HINGTON, JU~ 19E9, 259 Pee 

DESCRIPTORS- BRINES~ CAS( HISTORIES; CHEMICAL 
ANALYSIS; DEEP ~ELLS; DESALI~ATION; OISFOSAL 
FORMATIONS~ ECO~OMICS; FVAPO~ATION PCNOS~ 
FEASIBILITY STUClES; GEOLOGYl INJECTICN 
PRESSURE: INJECllON WELLS; lfGAL ASPECTS; 
MONITORING; SURFACE EQUIPMENT; UNDERGRCt.JNO 
DISPOSAL: WASTE CISPOSAL: WELL DESIGN; 
OKLAHOMA: TEXAS: KANSAS; COLORADO; SOUTH DAKOTA. 

MALINA 72 
BRINE TREATME~T/SFENT FLUID CISPOSAL 

TITLE- DISPOSAL-WC.LL CIMENSIONS-I~JECTION RATES AND 
COST RESPO~SE.So 

AUTHOR- MALINA, J.F., JR. ITFXAS UNIV., AUSTIN 
(USAt. OfPT. OF CIVIL £NGINEERINGJ. 
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MOSELEY, J.C.,II lOIV. OF COORDINATION AND 
PLANNING OFFICE OF THE GOVER•O~ OF TEXAS, 
AUSTIN CUSA) 1. 

C 0 OK , T • 0 • ( E 0 • ) 

REFERENCE- DISFOSAL·WELL DIHENSIONS•INJECTION RATES 
AND COST RESfO~SES. AM. ASSCC. PET. GECL., 
TULSA, OKLA., CE( 1972, MEMOIR 18, P. 102•111. 

DESCRIPTORS· DEEP WELLS: ECONOMICS; ENVIRON~ENTAL 
EFFECTS; FLOW ~AlE: INDUSTRIAL WASTES~ 
INJECTION PRESSIFE~ INJECTION RATES; INJECTICN 
WELlS: LIQUID WASTES; MATHEMATICAL MOOELS; 
PERMEABILITY; PCROSITY; PRE-INJECTION 
TREATMENT; ReSERVOIR PROPERTIES: SURFACE 
EQUIPMENT; UNDERGROUND D!SfOSAL; WASTE 
DISPOSAL: WELL CESIGN. 

25 

MC WILLIAMS 72 
BRINE TREATME~T/~FENT FLUIC DISPOSAL 

TITLE- LARGE SALTWATER-DISPOSAL SYSTEMS AT EAST 
TEXAS AND HASTI~GS OIL FIELCS, TEXAS. 

AUTHOR- HC WILLIAMS, J. {AMOCO PROCUCTION CC., 
HOUSTON, TEX. <USA)] .• 

COOK, T • D. < E 0 • ) 

REFERENCE- UNDERGROU~C WASTE MANAGEMENT AND 
ENVIRONM~NTAL IMPLICATIONS. A~. ASSOCe FETe 
GEOL., TULSA, OKLA., DEC 1972, MEMOIR 18, Pe 
331-340. 

DESCRIPTORS- CASE HISTORIES; CORRCSION~ OEEF WELLS; 
ENVIRONM~NlAl ~FFECTS: INJECTION PRESSU~£; 
INJECTION WELLS; LIQUID WASTES; OILFIELD 
BRINES; POtlUTICN; PRE-INJECTION TREAT~ENT; 
PRESSURE CECLI~E; STRATIGRAP~Y; UNDE~G~CUNO 
DISPOSAL: WELL CESIGN; TEXAS. 
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MECHEM 63 
BRlN~ TREATMENT/~PENT FLUIO DISPOSAL 
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TITLE- DEEP INJECTION DISPOSAL WELL FCR LICUIC TOXIC 
WASTE. 

AUTHOR- MECHEM, O.E.~GARR£TT, J.H. £EeAePOLUMBUS9 
JR., AND ASSCCS., INC., PETRCLEUM ENGNG. 
CONSULT ANiS, O£N IIER, COLO. (lJSA) J • 

REFEPENC~- PROCEECING~ OF THL AME~ICAN SOCIETY CF 
CIVIL ENGiNL~k~t JOURNAL OF THE CONSTR. OIV., 
V. 89 (C02), P. 111-121(SEP 1963). 

DESCRIPTORS- AQUIFEFS~ DE~P WELLS; ECONCMICS; 
GEOLOGY; INDUSTRlAL WASTES; INJECTICN PRESSURE; 
INJECTION RAT~S; INJECTION WELLS; LIQUIC 
WASTES: LITHOLOG'; PERMEABILITY; PO~OSITY; 
SANDSTONE; SHAlE: STRATIGRAP~Y; SUBSUPFACE 
RESERVOIRS; TEMPERATURE LOGGING; UNOERG~CUNO 
DISPOSAL: WAST~ CISPOSAL: WELL COMPLETICN; Wfll 
DATA: WELL OESIG~; WELL DRILLING; WELL LOGGING; 
COLORADO; CENV£~ BASIN. 
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ORSANCC 73 
BRl~E TREATMENTI~FENT FLUIC GISPOSAL 

TITLE- UNDERGROUND I~JECTION Of WASTEWATERS IN THE 
OHIO VALLEY REGION. -

AUTHOR- OHIO RIVER VALLEY WATER SANITATION 
COMMISSION, ORSAhCO ADVISORY COMMITTEE ON 
UNDERGROUND INJECTION OF WASTEWATERS, 
CINCINNATI, OHIC. 

REFERENCE- UNO~RGROUNC INJECT!CN CF WASTEWATE~S IN 
THE OHIO VALLEY ~EGlON. OHIO RIVER VALLEY 
WATER SANITATICN COMMISSION, CINCINNATI9 AUG 
1973, 63 P •• 

DESCRIPTORS- AQUIFERS; GEOLOGY: G~OUNO WATER; 
HYDRODYNAMICS; H'OROGEOLOGY; INJECTION ~ELLS1 
LEGAL ASPECTS; ~INERAlS; MONITORING; 
SEISMOLOGY: SURFACE EQUIPMENT~ UNDERGROUND 
DISPOSAL: WASTE FROCESSING; wELL OtSIG~; WELL 
DRILLING; OHIO • 
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PIPER 69 
BRINE TREATME~TI!PENT FLUID DISPOSAL 

TITLE- DISPOSAL OF LIQUID WASTES BY INJfCTIO~ 
UNDEFGROUND--N~IlHfR MYTH NOR MILLENNIU~. 

AUTHOR- PIPER, A.H. (GEOLOGICAL SURVEY, CAR~EL, 
CAL IF • tU SA ) 1 • 

REFERENCE• DISPOSAL CF LIQUID WASlES BY INJECTION 
UNOERGROUND••N2I1HER MYTH NOR MILLE~NIU~. 
CIRCULAR 6~1, GeOLOGICAL SURVEY, WASHI~GTON. 
1969, 15 P •• 

DESCRIPTORS- AQUIFERS~ CHEMICAL ANALYSIS; C~f~ICAL 

COMPOSITION; CHEMICAL COM~ATIEIL!TY; CfEMICAL 
REACTIONS: OEE? WELLS; EARTHQUAKES; 
ENVIRONMZNTAL ~FFECTS; GEOCr£MISTRY; GEOLOGY; 
HYDRAULIC FRAClu~ING: HYOPOOYNAMICS; 
HYDROGEOLOGY; HYDROLOGY~ INJECTICN PRESSURE; 
INJECTION RATES; INJECTION WELLS; LEGAL 
ASPECTS; LIQUIC ~ASTES; MONITO~ING; OILFIELD 
B~INfS; PERM~ABILITY: PH AOJUSTM£NT; 
PRE-INJECTION TREAT~ENT; RADIOACTIVE WASTES; 
SEISMOLOGY: TRA~~MISSIVITY; UNDERGROUND 
DISPOSAL: WASTE CISPOSAL1 WA~TE MANAGEMENT; 
COLORADO: O~NVE~ SASINe 
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~ALEIGH 72 
BRINE TREATMENT/~PENT FLUIC CISPOSAL 

TITLE- EARTHQUAKES A~( FLUID INJECTICN. 

AUTHOR· RALEIGH, c.a. [GEOLOGICAL SURVEY, MENLO 
PARK, CALIF. (USA). NATIONAL CENTER FC~ 
EARTHQUAKE RESEARCH1. 

COOK, T.o. lECel 

REFERENCE- UNO£RGROU~C WASTE MANAGEMENT ANt 
ENVIRONMENTAL IMPLICATIONS. AM. ASSOC. FET. 
GEOL., TULSA, OKLA., OCC 1972, HEMCIR 18, P. 
273-279. 
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DESCRIPTORS- AQUITA~G!~ OEEP WELLS~ EARTHQUAKES; 
FAULT ACTIVATICN;· HYDRAULIC FRACTURING~ 
INJF.CTION WELLS; LIQUID WASTES; MONITORING; 
PORE PRf.SSURE; PRESSURE BUILCUP; RESERVOIR 
PROPERTIES~ SA~O~TONE; SEISHCLOGY; SUBSU~FACE 
RESERVOIRS; UNCERGROUND DISPOSAL; WASTE 
DISPOSAL: COLOfCA (0; DENVER BASIN. 

30 

SADOW 72 
BRINE TREATMENT /SPENT FLUIC OISPOSAL 

TITLE- PRfTREATMENT ~F INDUSTRIAL WASTE WATERS FO~ 
SUBSURFACE INJECTION. 

AUTHOR- SADOW, R.D. [MONSANTO POL~~ERS AND 
PETROCHEMICALS COMPANY, TEXAS CITY, TE~. <USA)l• 

COOK, T.O. UO.l 

REFERENCE- UNDERGROUNC WASTE MANAGEMENT AND 
ENVIRONMENTAL IMPLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, CKLAet DEC 1972, MEMO!P 18, P. 
<33-1C 1. 

DESCRIPTORS- BACTERIA; BIOLOGICAL FOULING; C~EMICAL 
COMPATIBILITY; CORROSION; CO~~OSION IN~IBITORS; 

CORROSION RESISTANT ALLOYS; CCRROSIVE EFFECTS; 
DEEP WELLS; DISFCSAL FORMATICNS; FILTRATION; 
GEOLOGY; INDUST~IAL WASTES; lNJECTIO~ F~ESSURE; 
INJECTIO~ RATES; OILFIFLO BRINES; PER~£ABILITY; 
PH ADJUSTMENT; FH VALUE: PLUGGING; 
POLYMERIZATION; POROSITY; PRECIPITATIC~; 

PR~-INJECTION T~EATMENT; PRESSURE BUILDUP; 
SURFACE fQUIPMENl; SUSPENDED SOLIDS; 
UNDERGROUND DISFOSAL: WASTE DISPOSAL; W~STE 
WATER; WtLL DE~IGN; TEXAS. 

31 

scev~ 68 
BRINE TRfATME~T/SPENT FLUID CISPOSAL 

TITLE- LIQUID WASTE DISPOSAL IN THE LAVA T~~~ANE OF 
CENTRAL ORE.GCN • 

AUTHOR- SCEVA, J.E. £FEO£RAL WATE~ POLLUTIC~ CONTROL 
ADMINISTRATION, NORTHWEST REGION, CORVALLIS, 
OREG. (USA). PACIFIC NORTHWEST WATER LA8ele 
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REFERENCE- LIQUID WA!TE DISPOSAL IN THE LAVA TERRANE 
OF CENTRAL OREGCN. REPORT NO. FR-4t FECERAL 
WATER POLLUTION CONTROL AQHINISTRATION, 
NORTHWEST REGICN, CORVALLIS, OREG., HAY 19&8, 
6& P., AP FEND IX 9& Pe • 

DESCRIPTORS- ~NVIRO~~ENTAL EFFECTS; GEOLCGY1 
HYDROLOGY; INJEC1ION WELLS; LIQUID WASTES; 
POLLUTION; UNDERGROUND DISPOSAL; WASTE 
DISPOSAL: WASTE WATER; WATE~ CHEMISTRY; OREGON. 

32 

SWOLFS 72 
3RINE TREATMENT/~FENT FLUID DISPOSAl 

TITLE- CHEMICAL EfFEClS OF PORE FLUIOS ON ROCK 
PROPERTIES. 

AUTHOR- SWOLFS, H.S. [TERR~ TEK, INC., S~LT LAKE 
CITY, UTAH (USA)Je 

COOK, T.O. (EC.l 

REFERENCE- UNDERG~OU~[ WASTE MANAGEMENT AND 
ENVIRONMf:NTAL I~PLICATIONS. ~M. ASSOC. FET. 
GEOL., TULSA, OKLA., DEC 197i, MEMOIR 18t Pe 
224-234. 

DESCRIPTORS- CHEMICAL REACTIONS; F~EE ENERGY; GROUND 
SUBSIDENCE: LIGLIO WASTES; MECHANICAL 
PROPfRTI~S~ PORE PRESSURE; PRESSURE BUILDUP; 
ROCK-FLUID INTE~ACTIONS~ ROCK MECHANICS; ROCK 
PROPERTIES; SANCST0NE; UNOE~G~OUNO OISFCSAL; 
WASTE DISPOSAL; ZETA POTENTIAL. 

33 

TALBOT 72 
3Rl~E TREATME~T/~FENT FLUID CISPOSAL 

TITLE- REQUIREMENTS FCR THE MONITORING Of INClSTRIAL 
DEEP-Wfll WASTE-[ISPOSAL SYSTEMS. 

AUTHOR- TALBOT, J.S. {DOW CHEMICAL CO., HOUSTON, 
TEX.: lUSA)l. 

COOK, T.D. (EC.l 
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REFERENCE- UNOERGROU~[ WASTE MANAGEM~NT ANO 
ENVIRONMENTAL IMPLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, OKLA., DEC 1972, MEMCIR 18, Pe 
85-92. 

DESCRIPTORS- CO~~OSlCN MONITORING: OfEP WELLS~ 
DISPOSAL FORMAliCNS: ENVIRONMENTAL EFFECTS; 
INDU~TRIAL WASTE~; INJECTION PRESSURE; 
INJECTION WELLS; MONITORING; CBSERVATICN WELLS; 
REGULATIONS; SEI~MOLOGY: SUB!URFACE RESE~VOIRS; 
SURFACE EQUIPME~l: TEMPERATURE LOGGING: 
UNDERGROUND OISFCSAL: WASTE DISPOSAL; WELL 
COMPLETION; WELL DESIGN. 

34 

TWQB 72 
BRlNE TREATMENT/SFEhT FLUIC DISPOSAL 

TITLE- THE DISPOSAL ~€LL ACT. 

AUTHOR- TEXAS WATER CUALITY BOARD (USA). 

REFERENCE- THE DISPCSAL WELL ACT. AEENCY 
PUBLICATION NU~E~R 72-01, TE>AS WATER QUALIT~ 

BOARD, FEB 197~, 15 Pee 

DESCRIPTORS- INJ£CTIC~ WELLS: LEGAL ASPECTS~ 
OILFIELD BFINES; REGULATIONS; UNO~RGROUNC 
DISPOSAL: WASTE [ISPOSAL~ WASTE WATER; WATER 
QUALITY; TEXAS. 

35 

VAN EVERCINGEN 71 
BRINE TREATMENT/SFE~T FLUIC OISPQSAL 

TITLE- SUBSURFACE OISFOSAL Of WASTE IN CANAOA. 
INJECTION OF LIQUID INDUSTRIAL WASTE I~ CEEP 
WELLS--A PRELifiNARY APPRAISAL. 

AUTHOR- VAN EVEROINGc~, R.O.~FREEZE, ReAe 
(DEPARTMENT OF THE ENVIRONMENT, OTTAWA, ONTA~IO 
(CANADA) • INLA t.G WATERS BRA NCHl • 

REFERENCE- SUeSURFACi DISPOSAL OF ~ASTE IN CANADA. 
INJECTION OF LIQUID INDUSTRIAL WASTE IN OEEP 
WELLS--A P~ELI~INARY APPRAISAL. TECHNICAL 
BULLETIN NC. 49, DEPT. OF THE ENVI~ONMENT, 
INLAND WATERS BRANCH, OTTAWA (CA~AOAlt 1971t 64 
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DESCRIPTORS- CASE HlSlORIES; ECCNCMICS; FAILLRES; 
GROUND SUBSIGE~CE: INJECTION ~ELLS; LIQUID 
WASTtS; MONITO~ING1 REGULATICNS; SAFETY; 
SUB SURF ACE RESE~ VOIRS; UNDE~GI'OUNO GISFCSAL; 
WASTE O!SPCSAL; WASTE MANAGE~ENT; WASTE 
PROCESSING; CANACA. 

36 

VECCt!ICLI 72 
BRINE TR£ATMF.NT/~FENT FLUIC DISPOSAL 

TITLE- PRfLIMINARY F~SULTS OF INJECTING HIGHLY 
TREATED SEWAGE-PLANT EFFL~ENT INTO A CEEP SAND 
AQUIFER AT SAY PARK, NEW YORK. DEEP-WELL 
ARTIFICIAL RfC~A~GE EXPERIMENTS AT EAY PARK, 
LONG ISLAND, N~W YORK. 

AUTHOR- V[CCHIOLI, ... ; KU, H. F • H, (GEOLOGICAL SURVEY, 
WASHINGTON, D.C. (USA)J, 

R£FERENCf- ?R~L!MINA~Y RESULTS OF INJECTING ~IGHLY 
TREATED SEWAGE-PlANT EFFLUENl INTO A DEEP SAND 
AQUIFER AT BAY PARK, NEW YORK, DEEP-WELL 
ARTIFICIAL RtC~ARGE EXPERI~ENlS AT 8AY FARK, 
LONG ISLAND, NE~ YORK, PROFESSIONAL PAFER 
751-~t GfOLOGICAL SURVEY, WASHINGTON, 1972, 14 

DESCRIPTORS- AQUIFERS~ ARTIFICIAL REC~ARGE; 
BACTfRIA; BIOLOGICAL FOULING; CHEMICAL 
'NALYSIS~ CHEMICAL COMPOSITION; DEEP WELLS; 
OEGASIFICA1ION; FILTRATION; FLOW RATE; GRAVEL 
PACKING: HYORAUllCS1 INJFCTION RATES: INJECTION 
WELL~; LIQUID WASTES; MATHEMATICAL MCCELS; 
OBSERVATION WELLS; PLUGGING; PRECIFITATICN; 
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ARTIFICIAL RECHARGE. AMERICAN ASSOCIATION OF 
PETROLEUM GECLCGISTS, TULSA, CKLA., 1973, v. 1t 
Pe 13 3-1~6. 

DESCRIPTORS- COMPUTER CALCULATIONS; DISPOSAL 
FORMATIONS; ECO~OHICS; FEASIBILITY STUCIES; 
GEOLOGY; GROUNC ~AT£R; HYDRAUliC FRACTU~ING; 
IND~STRIAL WASiE~; I~JECTION ~ElLS; LIQliO 
WASTES; SUBSURFACE RESERVOIRS; UNDERGROUND 
DISPOSAL; ~AST:: DISPOSAL; WELL DATA; WELL 
LOGGING; WEST Vl~GINIA. 

56 

KRAUS 70 
BRI~E TREATMENT/~F~NT FLUIC DISPOSAL 

TITLE- APPLICATION CF HYPERFILTRATION TO TREATMENT 
OF MUNICIPAL SE~AGE EFFLUENTS. 

AUTHOR- KRAUS, K.A. !OAK RIDGE NATIONAL LAe., TENN. 
CUSA) l• 

REFERENCE- APPLICATJCN OF HYPERFILTRATION TO 
TREATMENT O.F HUNICIPA~ SEWAGE EFFLUENTS. WATER 
POLLUTION CONTRCL RESEARCH SERIES OR0-17030EOH 
01/70, FEDERAL ~ATER QUALITY ADMINISTRATION, 
WASHINGTON, D.c., JAN 1970, 71 P •• 
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DESCRIPTORS- AODITI~E~; POLLUTION~ REVERS£ CSMOSIS; 
WASTf PROCESSING; WASTE WATE~. 
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LATTA 73 
BRlNE TREATMENT/~PENT FLUIC CISPCSAL 

TITLE- SUBSURFACE OISFOSAL OF WASlE IN KANSAS. 

AUTHOR- LATTA, B.F. [KANSAS STATE OEPT. Of fEALT~, 

TOPEKA <USA, 1 • 

BRAUNSTEIN, J. <EO.) 

REFERENCE- UNOERGiOUN[ WASTE MANAGEMENT ANO 
ARTIFICIAL RECHARGE. AME~ICA~ ASSOCIATION OF 
P€TRCLEUM GECLCGISTS, TULSA, OKLA., 1973, Ve 1, 
p~ 62 2-63 3. 

DESCRIPTORS- ACIOIZATION; APEAL EXTENT~ BRINES; 
CHEMICAL COMPATIBILITY; COR~CSION; COR~OSION 
INHIBITORS: DEEF WELLS; DISFCSAL FC~MATICNS; 
DOLOMITE ROCKS; FAILUPES; G~CUNO WATER; 
INDUSTRIAL WAST~~: INJECTION PRESSURE; 
INJECTION WELLS; LEGAL ASPEC1S; LIMESTONE; 
LIQUID WASTES; LITHOLOGY; OILFIELD BRINES; 
PERMEABILITY: PLUGGING; POLLUTION; POLLCTION 
LAWS: 0 0RtSITY; PRECIPITATICN; P~E-INJECTION 
TREATMENT; REGUL~TIONS; SALT DEPOSITS; 
SANDSTON~; SU~FACE WATERS; U~CERGROUNO 

DISPOSAL: WASTE CISPOSAL; WELL COMPLETIC~; WELL 
DESIGN; WELL LOGGING; WELL OFERATION; KANSAS. 
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lOFGREN 73 
BRI~E TREATME~T/SPENT FLUIC DISPOSAL 

TITLE- HAZARDS OF WASlE DISPOSAL IN GROUNDWATER 
BASINS. 

AUTHOR- LOFGREN, B.E. [GEOLOGICAL SURVEY, 
SACRA ME NT 0 , C A L I F • <US A ) 1 • 

BRAUNSTEIN, J. (EO.) 

REFERENCE• UNOERGROUNC WASTE MANAGEMENT ANO 
ARTIFICIAL RECHARGE. AMERICAN ASSOCIATION OF 
PETROLEUM GECLCGISTS,. TULSA, OKLA., 1973, Ve 2, 
P. 715·72 a. 
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DESCRIPTORS• AQUIFE~S~ AQUITARDS; ENVIRONMENTAL 
EFFECTS; EXPERIHE~TAL RESULTS; FAILURES; GROUNU 
SUBSIDENCE; GROU~O ~ATER: HYtRAULICS~ 
HYDROGEOLOGY; INJECTION HELLS; MEASURI~G 
INSTPUMENTS: HCNITORING; SOIL MECHANICS~ 
UNDERGROUND OISFOSAL; HASTE DISPOSAL; hATER 
POLLUTION; CALIFCRNlA. 

59 

t1C CANN 68 
BRINE TREATMENT/~FENT FLUID DISPOSAl 

TITLE- POSSIBILITIES FOR DISPOSAL OF INDUSTRIA~ 
WASTES IN SUSSURFACE ROCKS ON NORTH FLAN~ OF 
APPALACHIAN BASI~ IN NEW YORK. 

AUTHOR- MC CANN, T.P. [SHELL CANACIAN EXPLORATION 
CO., HOUSTON, lEX. lUSAJJ. 

PRIVRA5KY, 1\.C. CTIDEW-ATEI< OIL cc., 
PITTSBURGH, PA. lUSAJ J. 

STEAD, F.L. {CONSULTING GEOLOGIST, ~AGNOLIA, 
ARKANSAS (USAlle 

WILSON, J.E. [CONSOLIDATED GAS SUPPLY 
CORPORATION, CLA~KSBURG, We VA. (USAJ Jo 

GALLEY, J .E • <ED.) 

REFERENCE- SUBSURFACE DISPOSAL IN GEOLOGIC EASINS••A 
STUDY OF RESER IICIR STRATA. tM. ASSCC. FET. 
Gf.OL., TULSA, OKLA., AUG 1968, MEMCIR 10, Po 
43-92. 

DESCRIPTORS- C~EMICAL COMPOSITION; CEEP WELLS; 
DISPOSAL FOR~AT!CNS: OOLOMIT~ ~OCKS; 
EARTHQUAKES: FEASIBILITY STUtiES; GEOLOGY; 
HYDRAULIC FRACTLfiNG; HYDRODYNAMICS; INCUSTRIAL 
WASTES; INJECTICN WELLS; LIMESTONE; LIQUID 
WASTES: PE~MEABlliTY: PH VALLE: PORCSITY; 
RESERVOIR PRCPE~liES: SALT DEPOSITS; SANOSTONf~ 
SEDIMENTAR~ ROCKS~ SFISMOLOGY; SHALE; 
STRATIGRAPHY; S~SSURFACE RES£RVCIRS; WELL DATA; 
NEW YORK: APPALACHIAN BASIN. 

6C 

MEERS 73 
BRINE TREATMENT/SPENT FLUIC DISPOSAl 

TITL£- OfSIGN, DRILLING AND COMPLETION, CPE~ATICN, 

AND COST OF UNCE~GROUND WASTE-DISPOSAL ~ElLS IN 
GULF COAST REGION OF TEXAS AND LCUISIAN~. 
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AUTHOR- ME~RSt R.J. (POLLUTION COJ!iTROl AND ~ASTE 
DISPOSAL, INC., NEW ORLEANS, LA. CUSA)). 

BRAUNSTEIN, J. ·<EO.) 

REFERENCE- UNDERGROU~C WASTE MANAGEMENT AND 
ARTIFICIAL RfC~ARGE. AMERICAN ASSOCIATION OF 
PETROLEUM GECL<GISTS, TULSA, OKLA., 1973, Ve 1, 
P. 337-349. 

DESCRIPTORS- AREAL SXlENT; BACTERIA; CHEMICAL 
COMPATIBILITY; CORROSION; CO~ROSION IN~l8ITORS; 

CORROSTION PROlECTICN; ECONOtiCS; FEASIEILITY 
STUDIES: INJECTION WELLS; LIQUID WASTES; 
MONITORING; PERMEABILITY; PLUGGING; PORCSITY; 
PRE-INJECTION TREATMENT; REGULATIONS; RcSE~VOIR 
PROPfRTIF:;: SUESURFACE R.fSER\IOIRS; SUSfENDED 
SOLIDS; U~OE~G~CUNO DISPOSAL; WASTE OISFOSAL; 
WELL CASINGS; •ELL CEMENTING; WELL CCMFLETION; 
WELL OES!G~; WELL DRILLrNG: KELL LOGGING; WELL 
OPERATION; TEXAS~ LOUISIANA. 

61 

HOHR 73 
BRlN~ T~EATMENT/SFENT FLUIO CISPOSAL 

TITLE- DECISION MAPFlNG--TOOL FOR UNCERGROUNO WASTE 
MANAGEMENT • 

AUTHOR- MOHR, C.M.:C•BRIFN, P.J. [ARTHUR D. LITTLE, 
INC., CAMBRIDGE, MASS. CUSA)]e 

BF:AUNSTE.IN, J. (EO.) 

. REFERFNCE- UNDERGROUhC WASTE MANAGEMENT ~NO 
ARTIFICIAL REC~ARGE. AMERIC~h ASSOCI~TION OF 
PETROLEUM G£0LCGISTS, TULSA, OKLA., 1q73, V. 2, 
P• 731-737. 

DESCRIPTORS- BRINE 1REATMENT; DEEP WELLS: ECONOMICS; 
FEASIBILITY STUClES1 INDUSTRIAL WASTES; 
INJeCTION WELLS; LIQUID WASTES; MATHEMATICAL 
MOD£LS; R£GULAliCNS; UNOERGRCUND DISPOSAL: 
WASTE DISPOSAL; WASTE MANAGE~ENT. 
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MOSELEY 68 
aRINE TREATMENT/~PENT FLUID CISPOSAL 
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TITLE- RELATIONSHIPS BETWEEN SELECTED PHYSICAL 
PARAMETERS ANC CCST RESPONSES FOR T~E DEEP-WELL 
DISPOSAL OF ~QUEOUS INDUSTRIAL hASTES. 

AUTHO~- MOSELEY, JeCetii:HALINA, J.F.,JR. £TEXAS 
UNIV., AUSTIN (U5A). Cf.NTfR FOR RESEARC~ IN 
WATE~ RESOURCES). 

REFERENCE• RELATICNSHlPS BETWEEN SELECTfC PfYSICAL 
PARAMETER~ A~G C<ST RESPONSES FCR THE O~EP-WELL 
DISPOSAL OF AQUEOUS INDUSTRIAL WASTES. fHE 
G$-68u1, C~WR 28, TEXAS UNIV., CENTER FC~ 
RESEARCH IN WATIR RESOURCES, AUSTIN, ALG 1968, 
276 p •• 

DESCRIPTORS- ACIDIZ~TION; BACTERIA; 8IOLCGICAl 
FOULING; C~~MICAL COMPATIBILITY; COMP~TER 

CALCULATIONS; CCFROSION: CORRCSION RESISTANT 
ALLOYS: DEEP WELLS: DISPOSAL FORMATIONS: 
ECONOMICS; FLOW RATE; GEOLOGY; HYDRAULIC 
FRACTURING: HYORCOYNAMICS: I~CUSTRIAL ~ASTES: 
INJECTION PRESSU~E; INJECTION RATES; INJECTION 
WELLS; LITHOLO(Y; MATHEMATICAL MODfLS; 
PERMEABILITY; PIPELINES: PO~CSITY: PORO~S 
MEDIA: PRE•INJECliON TREATMf~T; PRESSURE 
BUILDUP; RADIUS CF INFLUENCE; RESERVOI~ 

PROPERTIES; SUESURFACE RESr-:RVOIRS; SURFACE 
EQUIPMENT: SUSFENDED SOLIDS; TEMPERATU~E 
LOGGING; UND~RG~CUNO DISPOSAL; WASTE DISFOSAL; 
W~LL COMPLSTICN; WELL DESIGN; WELL DRILLING; 
WF.LL LOGGING; WElL STIMULATICN; TEXAS: 
CALIFaRN!A: COLC~AOO; FLO~IOA; ILLINOIS; 
INDIANA; IOWA; KANSAS; LOUISlANA~ MICHIGAN~ NEW 
HEx reo. 

63 

PETERSON 68 
3RINE TREATMENT/SPENT FLUIC DISPOSAL 

TITLf- SEDIMENTARY HISTOR¥ AND ECCNOMIC GEOLOGY OF 
SAN JUAN BASIN, NEW MEXICO A~t COLORADO. 

AUTHOR- PETERSON, J.A. (MONTANA UNIV., MISSOULA 
(USAlJ. 

LOLEIT, A.J.;ULLRICH, R.A. lEL FASC NATURAL 
GAS CO., FARMINGTON, N. MEX • (USA) l• 

SPENCt:R, c.w. £TEXACO, INC.1. 

GALLEY, J.E. (EO.) 
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REFE~CNCE- SU3SURFACE DISPOSAl IN GEOLOGIC EASINS-·A 
STUDY OF RFSER~CIR STRATA. AM. ASSOC. FET. 
GEOL., TULSA, CKLA., AUG 1968, MEMOIR 10, P• 
186-231-. 

DESCRIPTORS• AQUIFf.~S~ DEEP WfLLS; DISPOSAL 
FORMATIONS: OCLC~ITE ROCKS: ECONOMICS; 
FEASIBILITY STUCIES: GEOLOGY; GROUND WATER; 
LIHESTON~; OIL ~ELLS; PERMEABILITY; POROSITY; 
SANDSTONE~ SfDIMENTARY ROCKS; SHALE: 
STRATIGPAPHY; N~W MEXICO; COLORADO; S~~ JUAN 
SASINe 

64 

SOiiCHT 73 

BRI~f TREATMENT/SPENT FLUIC DISPOSAL 

TITLE- OEFP-WELL INJECTION OF OESALTING•PLA~T WASTE 
BRINE. 

AUTHOR• SCHICHT, R.J. [ILLINOIS STATE WATER S~RVEY, 
URBANA CUSA) J • 

BI':.AUNSTEIN, J. <EO.) 

REFERENCE• UNOERGROU~( WASTE MANAGEMENT ANO 
ARTIFICIAL RcC~A~GE. AMERICAN ASSOCIATION OF 
PETROLEUM GEOLCGISTS, TULSA, OKLA., 1973, Ve 1, 
P. 652•663. 

DESCRIPTOR~- AQUIFtRS: BRINE TREATMENT; BRINfS; 
CHEMICAL ANALYSIS: DEEP WELLS~ DESALINATION; 
ECONOMICS; ELECTRODIALYSIS; ENVIRON~ENTAL 
EFFCCTS; FEASIBILITY STUDIES; GROUND WATER; 
HYDRAULICS~ HYD~CLOGY; INJECTION PRESSU~Et 
INJECTION RATES; INJECTION WELLS; LIQUID 
WASTES: MATHEMATICAL MODELS; PRESSURE EUILOUF; 
REVERSE OSMOSIS; SANDSTONE; STRATIGRAPHY: 
TRANSMISSIVITY: UNDERGROUND DISPOSAL; WASTE 
DISPOSAL; WATER QUALITY; WELt CASINGS; WELL 
DESIGN: ILLINOIS. 
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VAN EVE~DINGEN 68 
BR INf TREATMENT /SPENT FLUIC DISPOSAL 

TITLE- FLUID MECHANIC! OF OEEP•WELL OISFOSALS. 
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AUTHOR- VAN EVE~OINGEf, A.F. £0E GCLYER AND ~AC 
NAUGHTON, DALLASi TEX. (USA)). 

G A LL E Y , J • E • < f 0 • ) 

REFERENCE-' SUBSURFACE DISPOSAL IN GEOLOGIC BASINS••A 
STUDY OF RESERVCIR STRATA. AM. ASSOC. PET. 
GEOL., TULSA, OKLA., AUG 1968, MEMOIR 10t Pe 
32-42. 

DESCRIPTORS- ACIDIZATION; AREAL EXTENT: OEEF ~ELLS; 
DISPOSAL FORMATIONS; FEASIBILITY STUDIES; FLUID 
MECHANICS~ FLOW ~ATE; INJECTION PRESSURE; 
INJECTION ~ATES: INJECTION WELLS~ LIQUID 
WAST~S~ MATHEMATICAL MODELS; PERMEABILITY~ 
POROSITY; PRES!LRE BUILDUP; ~ESERVOIR 
ENGINCERING; RESERVOIR PROPERTIES; THECRETICAL 
TREATMENTS~ UNDERGROUND DISPCSAL1 WASTE 
DISPOSAL; WELL GATA; WELL INTERFERENCE; WELL 
STIMULATION • 

66 
WALKER 73 

BRlNE TREATME~T/SFENT FLUID DISPOSAL 

TITLE- LEGAL AND JNSTlTUTIONAL CONSIDERATIONS OF 
DEEP-WELL WAST2 CISPOSAL. 

AUTHOR- WALKER, W.R.;COX, W.E. !VIRGINIA POLYTECHNIC 
INST. AND STATE UNIV., BLACKSBURG (USA). 
VIRGINIA WATfR RESOURCES ~ESEARCH CE~TERJ. 

S~.AUNSTEIN, ..;. <ED. l 

REFERENCE- UNDERGROUNC WASTE MANAGE~ENT AND 
ARTIFICIAL RECHARGE. AMERICAN ASSOCIATION OF 
PETROL~UM G~OLCG!STS, TULSA, CKLA., 1973, Ve lt 
P. 3-19. 

.,· 

DESCRIPTORS- AQUIFERS~ DEEP WELLS; EARTHQUP~ES~ 
ENVIRONMENTAL ~FFECTS; ENVIRONMENTAL PROTECTION 
AGENCY; GROUND SUBSIDENCE: INJECTION P~ESSURE; 
INJECTION RATES; INJECTION WELLS; LEGAL 
ASPECTS~ LIQU![ kASTES; MONITCFING: PCLLLTION; 
POLLUTION LAWS; POLLUTION REGlLATIONS; 
PADIOACTIVF WA~TES; REGULATICNS; SEISMCLOGY; 
UNDERGROUND DISFOSAL; WASTE tiSPOSAL; WATER 
POLLUTION; WELL CPERATION. 
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WARNER 68 
BRINE TREATME~T/~FENT FLUIC DISPOSAL 
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TITLE- SUBSURFACE DISPOSAL OF LIQUID INOUSTRI~L 
WASTES BY Of.EP-~ELL INJECTION. 

AUTHOR- WARU£F:, 0 .L. ( FEOE:RAL WATER POLLUTION 
CONTROL ADMINISTRATION CUSA). CINCIN~ATI WATER 
RESEARCH LABORATORY, OHlOle 

GALLEY , J • E • C f 0. ) 

REFERENCE- SUBSURFACE OISPCSAL IN GEOLOGIC EASINS-·A 
STUDY OF RF.SCR\CIR STRATA. ~M. ASSOC. PET. 
GEOL., TULSA, 0fLA., AUG 1968, MEMO!~ 1C, P. 
11-20. 

DESCRIPTORS• ARfAL ~X1ENT: BACTE~I~~ CHEMICAL 
COMPATIBILITY; CLAY MINERALS: CORROSION; OEEP 
WELLS; DISPOSAL FORMA~IONS; DOLOMITE RCCKS; 
EARTHQUAKES; ECONOMICS: FEASIBILITY ST~CIES; 
FLOW RAT~; GfCLCGY: HYDRAULIC FRACTU"I~G; 
HYDRODYNAMIC DISPERSION; HYDRODYNAMICS; 
INDUSTRIAL WASTE~; INJECTION PReSSURE; 
INJECTION RATES; INJECTION WELLS; LEGAL 
ASPECTS; LIHCSTGNE: LIQUID WA~TES; MATfEMATICAL 
MODELS: M!NERALCGY: PERMEABILITY; PLUGGI~G; 

POLLUTION; PORCSlTY; PRE-INJECTION T~E~TMENT; 
PEGULATIONS; RCCK PROPfRTIES; SANDSTONE; 
SEDIMENTARY ROCKS; SEISMOLOGY; SHALE; 
STRATIGRAFHY; SUBSURFACE RESE~VCIRS; SUSPENDED 
SOLIDs; UNDERGROUND DISPOSAL; WASTE OISFCSAL; 
WATER POLLUTION; WELL STIMULATION. 

68 

h~RNER 73 
BR!~E TREATMENT/SPENT FLUIC DISPOSAL 

TIT~[- INDUSTRIAL WASlEWATER·INJECTION WELLS IN 
UNITED STATeS--STATUS OF USE ~NO REGUL~TlON, 
1973. 

AUTHOR· WARNER, O.L. {MISSOURI UNIV., ROLLA CUSA)le 

OECUTT, D.H. (WAPORA, INC., WASHINGTCN, D.C. 
WSA)J. 

BRAUNSTEIN, J. (EO.) 

REFeRENCE- UNDERGROU~{ WASTE HANAGE~ENT ANO 
ARTIFICIAL REC~A~GE. AME~ICAN ASSOCIATION OF 
PETROLEUM GEOLvGISTS, TULSA, OKLA., 1973, V. 2, 
P. 667-69 7. 
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DESCRIPTORS- CHEMICAL COMPATIBILITY~ DEEP WELLS; 
DOLOMITE ROCKS: EARTHQUAKES: ENVIRONMENTAL 
EFFECTS; FAILU~f5~ GROUND WATER; HYOROLCGY; 
INDUSTRIAL WASTE~; INJECTION PRESSU~E; 
INJECTION RATES: INJECTION WELLS; LEGAL 
ASPECTS: LIMESTCNE: LIQUID WASTES; OILFIELD 
BRINES: POLLUTICN LAWS; POLLUTION REGULATIONS; 
REGULATIONS; SALINE AQUIFERS: SAND; SA~CSTONE; 
UNDERGROUND OISFCSAL~ WASTE CISPOSAL~ WATER 
POLLUTION; USA. 

69 

YAMAMOTO 73 
BRINE TREATMENT/5FENT FLUIC ClSPOSAL 

TITLE- UNDERGROUNO W~STE DISPOSAL AND A~TIFIClAL 
RECHP.RGE IN JAPAN. 

AUTHOR- YAMAMOTO, S. [TOKYO UNIV. OF EOUCATI9N 
(JAPAN). FACUL1Y OF SCIENCE)• 

BPAUNSTEINt Je (EO. l 

REFERENCE- UNOERGROUNC WASTE MANAGEMENT AND 
ARTIFICIAL R£C~ARGE. AMERICAN ASSOCIATION OF 
PETROLEUM GE CL<GISTS, TULSA, OKLA., 1973, v,. it 
P. 6G-71. 

DESCRIPTORS- AQUIFERS; ARTIFICIAL RECHARGE~ C~EMICAL 
ANALYSIS: FILT~ATION: GEOLOGY; GEOTHER~AL 
BR!N~S; GEOTHE~MAL FIELDS; GROUND SUBSICENCE; 
HYDROLOGY; INDUSTRIAL WASTES; lNJECTIC~ ~ATES; 
MONITORING: OBSERVATION WllLS: PH VALUE; 
PLUGGING; ST~ATIGRAPHY; TRANSMISSIVITY~ 
UNDERGROUND DISFCSAL: WASTE CISPOSAL: WELL 
COMPLETION; ~ElL OESIG~; WELL INTERFERENCE: 
JAPAN. 

70 

API 60 
8Rl~E TREATMENT/~PE~T FLUIC DISPOSAL 

TITLE- SUBSURFACE SALT-WATER DISPOSAL. 800- 3 OF 
THE VOCATIGNAL T~AINING SERIES. 

AUTHOR- AMERICA~ PET~CLEUM INSTITUTE, DALLAS, TEXAS. 

REFERENCf- SUBSURFACE SALT-WATER OISFOSAL. EOOK 3 
OF THE VOCATIONAL TRAINING SE"IES. AME~ICAN 
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PETRClEUM INSTITUTE, PROD, DIV., OALLAS, TEXAS, 
1960 t 101 Pe • 

DESCRIPTORS- AClOIZAT!ON; AR£AL EXTENT; BRII\E 
TREATMENT; CAS£ HISTORI£S: OEEF WELLS; CISFOSAL 
FORMATIONS; ~CC~OMICS; FIELD STUDIES; 
FILTRATION; FLC~ RATE; HYDRAULIC FRACT~RING; 
INJECTION WELLS; LEGAL ASPECTS; OILFIELD 
BRINES; PERMEABILITY: PIPELINES; PLUGGI~G; 
POROSITY: FR~·!NJECTION TREAT~ENT: REGLL~TIO~S; 
R~SEPVOIR PROPE~liES: SEOIM£~TATION; Sl~FACE 

EQUIPMENT; UNOE~GROUNO CISFOSAL; WASTE 
DISPOSAL: WELL CASINGS; WfLL COHPLETI~N; WELL 
OFSIGN; WF.LL O~IL~ING; WELL STIMULATICN. 

71 

ELAIR 51 
BNl~E TREATMENT/~FE~T F~UID ClSPOSAL 

TITLE- TREATMENT OF F~OOUCED SALT WATER--P~IC~ TO 
UNDfRGROUNO DISPOSAL IN SAND FORMATIONS. 

AUTHOR- BLAIR, J.V. £SINCLAIR OIL AND GAS CO., 
TULSA, OKLA. NJSAlJ. 

REFERENCE- OIL GAS J., V. 49 (42l, P. 17E•185(FEB 
1951) • 

DESCRIPTORS-. BRINE TREATMENT; CARBONATES; CHE~ICAL 
ANALYSIS: CHEMICAL COMPATIBILITY~ CORRCSION~ 
CORROSION R~SI~TANT ALLOYS; DEEP WELLS; 
ECONOMICS! FILT~ATION; FLOW RATE~ INJECTION 
WELLS~ OILFIELD BRINES~ PERMEABILITY; 
P~PEL!NES: PIPELINE PIGS; PLUGGING; POROSITY; 
PRE-INJECTION TREATMENT~ SANGSTONE; SCALING; 
SCALING CONT~OL; SEDIMENTATICN; SURFACE 
EQUIPMENT;-SUSPENOEO SOLIDS; UNOERGRCUNO 
DISPOSAL: \t\ASTE CISPOSAL; TEXAS. 

72 

8LEAKLEY 70 
BRINE TREATMENT/~FENT FLUIC DISPOSAL 

TITLF- SHELL•s SWO MEETS POLLUTION STANO~RCS. 

AUTHOR- BLEAKLEY, w.e. (EOel 

REFERENCE- OIL GAS J., V. 68 (38), P. 144•146CSEP 
197 0 ) • 
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DESCRIPTORS- CORRCSION~ DEEP WELLS; DISSOLVED 
SOLIDS; ECONOMICS; ENVIRONMENTAL EFFECTS; 
EVAPORATION PONDS; INJECTION WELLS; OILFIELD 
BRINES; POLLUTICN REGULATIONS; SURFACE 
EQUIPMENT; SUSPENDED SOLIDS; UNDERGROUND 
DISPOSAL: WASTE CISPOSAL. 

73 

800 VARSSON 72 
BRINE TREATME~T/~PENT FLUID CISPCSAL 

TITLE- THERMAL PRCBLEMS IN THE SITING OF RElNJECTION 
WELLS. 

AUTHOR- BODVARSSON, G. {OREGON STATE UNIV., 
CORVALLIS CUSA). DEPT. OF OCEANOGRAPHYJ. 

REFERENCE- GEOTHERMlCS, v. 1 (2), P~ 63-66(JUN 
1972). 

DESCRIPTORS- OIFFUSICN; DISPOSAL FORMATIONS; FLOW 
RATE; GEOTHERMAL BRINES; GEOTHERMAL ENE~GY; 
G~OTHERMAL FLUID~: GEOTHERMAl RESE~VO!RS; 
GROUND WATER; ~EAT TRANSFER; INJECTION WELLS; 
MATHEMATICAL MCCELS; PERHEA8ILITY; POROUS 
MEDIA: RADIUS CF INFLUENCE; THfORETICAL 
TREATMENTS: THER~AL POLLUTIO~. 

74 

CHAHAl 73 
BRINE TREATME~T/~FENT FLUIC CISPOSAL 

TITLE- A PEINJECTIO~ EXPERIMENT Ih T~E VICO 1 WELLe 

AUTHOR- CALAHAI, A.;CERON, PeJFERkARA, G.;MANETTI, 
G. [~NEL, DIREZ!ONE STUD! E RICERCHE, fiSA 
CITALY). CENTRC DI RfCERCA GEOTERMICAJ. 

REFERENCE- GEOT~ERHICS, V. 2 (3•41, Pe 
117-118(SEP-DEC 1973). 

DESCRIPTORS- AQUIFERS: CARBONATES; CHEMICAL 
ANALYSIS! DISPOSAL FORMATIONS; DISSCLVEC 
SOLIDS: ENVIRO~MENTAL EFFECTS; EXPE"IME~TAL 
RESULTS; FLOW FATE; GEOTHERMAL BRINES; 
GEOTHERMAL FLU!CS! GEOTHERMAL RESERVCI~S; 
HYDROGEOLOGY; I~~ECTION PRESSLRE; INJECTION 
WELLS; LITHOLOGY: PERMEABILITY; POROSITY; 
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SEISMOLOGY; TE~PERATURE LOGGING; THERH-L 
EFFLUENTS; UNDERGROUND DISPOSAL; WASTE 

·DISPOSAL: ITALY. 

75 

CECIL 50 
BRlNE TREATMENT/~FENT FLUID DISPOSAL 

TITLE- UNDERGFOUNC DISPOSAL OF PRCCESS WASTE WATER. 

AUTHOR- CECIL, LeKe £INFILCO INC., TULSA, O~LA. 
(USA)]. 

REFERENCE- IND. ENG. CHEM., V. 4t2 (It), P. 
594-599(APR 19Sut. 

DESCRIPTORS- ACIDIZATlON; BACTERIA; BIOLOGICAL 
FOULING; CASE Hl~TORIES~ CHE~ICAL ANALYSIS; 
CHEMICAL COMPOSITION; COOLING TOWERS; 
CORROSION; COR~OSION INHIBITCRS; DEEP WELLS; 
DISPOSAL FORMATICNS; FILTRATION; FLCW ~ATE; 

INDUSTRIAL WASTE~: INJECTION FRESSURE: 
INJE.CTI ON WELLS; LIMESTONE~ CILFIELD BRINEs; PH 
ADJUSTMENT; PLUGGING: PRECIFilATION; 
PRE-INJECTION T"EATMf.NT; SANCSTONE~ SCALING 
CONTROL; SURFACe EQUIPMENT; ~USFENDEO SCLIOS; 
UNDERGROUND OISFOSAL; WASTE ClSPOSAL; ~ASTE 

WATEP: Wtll CO~FlETION. 

76 

ChASTEEN 74 
BRI~E TREATMENT/~PENT FLUIC DISPOSAL 

TITLE- GEOTHEPMAL STEAM CONDENSATE REINJECTION. 

AUTHOR- CHASTfEN, A.J. {UNION OIL CO., SA~TA ROSA, 
CALIF. (USA)J• 

REFERENCE- PROCEEGI~GS--CONFERENCE ON RESE,RCH FO~ 

TH( GEVELOPMENT OF GEOTHERMAl ENERGY RESOURCES. 
JET PROPULSION LAB.ICALIF. INSl. OF TECiiet 

PASADENA, CALIF., DEC 1974, P. 340-344. 

DESCRIPTORS- CASE HlSlORIES~ CCCLl~G lOWERS; 
CORROSION; D~EP WELLS; OISFOSAL FORMATIONS; 
FLOW RATE; GE01HERMAl BRINES; GEOTHERMAL 
RESEf\VOIR.S: INJf CTION PRfSSUJOE; INJECTION 
WELLS; MONITC~I~G; PERMEABILlTY; PIPELINES; 
PLUGGING: SEISMOLOGY: SUBSURFACE RESERVOIRS; 
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SURFACE EQUIPM£~1; UNDERGROUND DISFCS~L; HASTE 
DISPOSAU ~ASTC: WATER; WELL DESIGN; GEYSERS 
GEOTHERMAL FIELC: IMPfP.IAL VALLEY; VALLES 
CALDERA GEOTHERMAL FIELD: CALIFO~NIA; NEW 

77 

COLLINS 76 
BRINE TREATHENT/~FENT FLUIC DISPOSAL 

TITLE- FINDING PROFITS IN OIL-WELL WASTE WATeRS. 

AUTHOR- COLLINS, A.G. [BUREAU OF ~INES, 

3ART LES VILLE, C •LA • CUSA) • BARTLES VILLE 
PETROLEUM RESEARCH CENTERle 

REFERENCE- CH::M. ENG. <N. Ye), P. 165-168 CSEF 21, 
1970). 

DESCRIPTORS- DEEP WELLS; DESALINATION; ECCNCMICS; 
ENVIEONM~NTAL EFFECTS; MINERAL RECOVER~; 
OILFIEL 0 BRINES~ POLLUTION; LNOERGROUNC 
DISPOSAL; \<ASTt: CISPOSAL; WASTE PROCESSII\G; 
WASH. WATE.R.. 

78 

COLLINS 7'+ 
BRl~t TRfATMENT/~FENT FLUIC DISPOSAL 

TITLE- SALINE GROUNCkATERS PRODUCED WITH ~IL AND 
GAS. 

AUTHOR- COLLINS, A.G. {BUREAU OF MINES, 
BARTLESVIllE, Cl< LA. CUSA) • BARTLESVILLE ENERGY 
RESEARCH CENlf~l. 

REFERENCE- SALINE GRGUNOWATERS PRCOUCEO WIT·H OIL ANO 
GAS. EPA-660/Z-7~-010, ENVI~ONM~NTAL 
PROTECTION AGE~CY, OFFICE OF RESEARCH A~O 
DEVELOPMENT, WAStiNGTON. D.C., APR 1974, 68 P •• 

DESCRIPTORS- CHEMICAL ANALYSIS; CHEMICAL 
COMPATIBILITY; BRINE TREATME~T; DEEP WELLS; 
DESALINATION; OISPOSAL FORMATIONS; OISSCLVEO 
SOLIDS; ECCNOHICS: ENVIRONHE~TAL EFFECTS; 
ENV!PO~MENTAL PRCTECTION AGE~CY; EVAPOR~TION 
PONDS; G~OUNO WATER: MATHEMATICAL HCOELS; 
MINERAL ·RECOVERY; MONITORING; OILF IELO BRINES; 
PERMEABILITY; FCLLUTIONt PROGRAMMING; S'LINE 
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AQUIFERS: SALINITY; SALINITY MAPS; SCALING 
CONTROL~ SEDIME~TARY ROCKS: LNDERGRCUNO 
DISPOSAL; WATE,fi ANALYSIS; WELL D£S!GN; TEXAS; 
ANADAKRO BASIN: WILLISTON BASIN: USA. 

79 

EPA 76 
3Rl~E TREATME~T/5P~NT FLUID DISPOSAL 

TITLE- STAT~ RULES FC~M BASIS FOR fPA INJECTION 
REGS. -

/IUTHOR• EPA 

REffRENCE- OIL GAS J., Ve 74 (17), P. 69(AP~ 1976)e 

DESCRIPTORS- BRINES; ECONOMICS! ENVIRONMENTAL 
PROTfCTIO~ AGE~C~; INJECTION kELLS: POLLUTION -
REGULATIONS; REGULATIONS: UNCERGROUND ~ISPOSAL. 

80 

GARG 75 
BRINE TREATME~T/5FENT FLUIC CISPOSAL 

TITLE· SIMULATION OF FLUIO-RO~K I~TERACTIONS IN A 
GEOTHERMAL BASIN. 

AUTHOR- GARG, S.K.;BLAKE, T.R.;BROWNtLLt 
O.H.,JR.:NAYFEH~ A.H.:PRITCHElT, J.w. £SYSTEMS, 
SCIENCE AND SOFTWARE, LA JCLUI, CALif. WSA)Je 

REFERENCE• SIMULATIO~ OF FLUID-ROCK INTERACTIONS IN 
A GEOTHERMAL BASIN. SSS•R·7~·2734, SYSTEMS, 
SCIENCE AND SOFTWARE, LA JOLL~,, CALIF. (USA), 
S E P 197 5, 6 3 P •• 

DESCRIPTORS· COMPUTER CALCULATIONS; _CONVECTION; 
GEOTHERMAL RESERVOIRS; GROUNC SUBSIDENCE; HEAT 

. TRANSFER: ~EAT TRANSFER COEFFICIENT; 
HYDRODYNAMIC DISPERSION; MATHEMATICAL MGDELS; 
PERMEABILITY; PC~OSITY; POROUS M£0IA1 
ROCK-FLUID INTERACTIONS; THEORETICAL T~EAT~ENTS. 
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81 

tiEALY 68 
BRINE TREATME~TI!FENT FLUID DISPOSAL 

TITLE- THE DENVER EA~lHQUAKES. 

AUTHOR- HEALY, J.H.;RILEIGH, C.B. tGEOLOGIC~L 
SURVEY, ~ENLO PA~K, CALIF. (USA)J• 

RUBEY, w.w.:GRIGGS, D.T. (CALIFORNIA UNIV., 
LOS ANGELES (USA). INST. OF GEOPHYSICS AND 
PLANETARY PHYSICSl. 

REFERENCE• SCIENCE, Vo 161 (3848), P. 1301•1310(SEP 
27, 1968)e' 

DESCRIPTORS- DEEP WELLS~ FAULT ACTIVATION~ INJECTION 
PRESSURE: INJECTION RATES: INJECTION WELLS; 
LIQUID WASTES; MATHEMATICAL MODELS; MONITORING; 
ROCK-FLUID INTt~ACTIONS; SEIS~OLOGY; 

UNDERGROUND OISFOSAL: WASTE DISPOSAL; CCLORAOO; 
OrfN VER BASIN • 

82 

JESSEN 49 
BRINE TREATMENTI~FENT FLUIC DISPOSAL 

TITLE~ SUBSURFACE DISFOSAL OF OIL FIELD ERI~ES. 

AUTHOR- JESSEN, F.W. [CONSULTING ENGINEER, ~OUSTON, 
TEX. WSA)J. 

REFERENCE- CHEM. ENG. PROG., V. 45 (1), P. 11•16(JAN 
19491. 

DESCRIPTORS- 3ACTER!A; CHEMICAL REACTIONS: 
CORROSION; COR~OSION PROTECTION; CO~~OSION 

RESISTANT ALLO,S; OfEP WELLS; ECONC~ICS~ 
FILTRATION; INJECTION WELLS~ OILFIELD E~INES; 
PIPELINES; PRE-INJECTION TREATMENT; 
REGULATIO~S: SU~FACE EQUIPMENT: UNOERG~CUNO 
DIS POSA U WAST£ C ISPOSA L; WELL CO!'IPLET ICN. 

83 

KHITLER 76 
9RlNE TREATMENTI~PENT FLUIC CISPOSAL 
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TITLE- GEOTHERMAL RESCURCES OF THE TEXAS GULF 
COAST--ENVIRONMENTAL CONCERNS ARISI~G F~OH THE 
PRODUCTION AND DISPOSAL OF GECTHERHAL ~ATERS, 
PHASE 0--SCOPE•GF-WORK AND MANAGEMENT STUDY. 

AUTHOR- KREITLER, C.~.;GUSTAVSON, T.C, £TEXAS UNIV., 
AUSTIN (USA). Et.;~EAU OF f.CONOt~,IC GEOLOGY]. 

~ VANSTON, J.H.;ELMER, D.d.;GUSTAFSCN, 
T.C.~KREITLER, c.w.;LETLOW, K.;LOPREATC, 
S.C.;MERIWETHE~, M.;RAMSEY, p,;ROGERS, 
K.E.:WILLIAMSON, J.K. (EDSel 

REFERENCE-· PROCEEOI~GS--SECOND GEOPRESSUREO 
GEOTHSRHAL ENE~GY CONFERENCE, VCL. v. LEGAL, 
INSTITUTIONAL AN ( fNVIRONMENTAL. TEXAS UNIV., 
C~NT£R FOR ENERG~ STUDIES, AUSTIN, FEB 1976, Ve 
5, PART 3 ·-ENV Ix CNME:NTAL, 55 P. • 

DESCRIPTORS- BRINES~ CHFMICAL ANALYSIS; DEEP WELLS; 
fNVIRONMfNTAL EFFECTS: EVAPO~ATION PONDS; FAULT 
ACTIVATION~ GEOTHFRMAL BRINES; GEOTHER~AL 
FLUIDS; GRCUNO SUBSIDENCE; G~OUND WAT£~; 

INJECTION PR£S~~~E: INJECTION RATES; INJECTION 
WELLS; LEGAL ASFECTS: MATHEMATICAL MCOElS; 
POLLUTION; PORCSlTY; REGULATICNS; RESE~VCIR 
COMPACTION: SALINE AQUIFERS: SEOIHE~TARY ROCKS; 
SURFACE SQUIPME~1~ THERMAL PClLUTION; WASTE 
DISPOSAL; WATER CHEMISTRY; WATER POLLUTION; 
WATER QUALITY; ~ELL DRILLING; WELL CPERATION: 
TEXAS. 

84 

LEE 50 
BRlNE TREATMENT/SPENT FLUIC DISPOSAL 

B~INE TREATMENT/SCALING 
BRINE TREATMENT/CCRROSION 

TITLE- TH~OW YOUR WAS1ES DOWN A WELL. 

RfFERENCE- CHEM. ENG. o.;.v.), P, 137•l.39(SEF 1950). 

DESCRIPTORS- ACIDlZATION: BACTERIA; EIOLCGICAL 
fFFECTS; BIOLOGICAL FOULING: CASE HISTC~IES; 

CHEMICAL COMPA1I8!LITY; CORRCSION; DEEF WELLS; 
DISPOSAL FORMATICNS~ ECONOMICS; FlOW RAT£: 
INDUSTRIAL WASlE~; INJECTION hELLS; LEGAL 
ASPECTS: LIM~STOt.E; LIQUID WASTES; CILFIELD 
BRINES; PLUGGit.G; POLLUTION ~fGULATIONS: 
SANDSTONE: SUSFEt.OED SOLIDS: UNOERG~QUNO 
D+SPOSAL: WASTE CISPOSAU WAST£ WATER; ~fLL 
STIMULATION. 
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85 

MC KELVEY 72 
BR!NE TREATMENTISFENT FLUIC CISPCSAL 

TITLE- UNO~RGROUNO SPACE--AN UNAPFRAISED RESO~RCEL 

AUTHOR- MC KELVEY, V.E. (GEOLOGICAL SURVEY, 
WASHIN?TON, D.C. WSAll. 

COOK, T.o. tEC.l 

PEFERsNCE- UNDfRGROUNC WASTE MANAGf~(NT ANO 
ENVIRONMENTAL I~PLICATIONS. AM. ASSOC. PET. 
GEOL., TULSA, OKLA., DEC 1972, MEMCIR 18, P. 
1-5. 

DESCRIPTORS- ECCNOMlC3: LEGAL ASPECTS~ LIQUID 
WASTES: REGULAliONS; UNDERGRCUNO DISPOSAL: 
WASTE DISPOSAL. 

86 

RASCtKE 65 
BRINE TREATMENT/~FENT FLUIC OISPOSAL 

TITLE- LET ENGINE£RlNG KNOW-HOW SCLVE SALT-PCLLUTION 
PROBLEMS. 

AUTHOR- RASCHKE, A.;s~ITH, J.E.;WJLLS, Ma£• 
[RAILROAD COMMISSION OF TEXAS tUSAlle 

REFERENCE- OIL GAS J., v. 63 (32), P. 75-7~ UUG 
' 1965). ' 

DESCRIPTORS- ADDITIVES; B~IN£S; CHEMICAL ANA~YSIS; 
CHEMICAL COMPOSITION; GEOLOGY; INJECTION 
PRESSURE: INJECTlON RATES; I~JECTION WELLS; 
OILFIELD BRINES; POLLUTION; FRESSURE eUILO•UP; 
PRESSURE CECLI~E: STRATIGRAP~Y; TRACE AMOUNTS; 
UNDERGROUND DISFCSAL; WATER ANALYSIS~ WELL 
DATA; WELL INTERFERENCE; WELL LOGGING. 

87 

REI C 74 
BRINE TREATMENT/SFENT FLUIO OISPOSAL 

TITLE- BRINE DISPCSAL TREATHFNT PRACTICES RELATING 
TO THE OIL PROCUCTION INOUST~Y. 
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AUTHOR- R2ID, G.W.:ST~EESIN, L.E.;CANTER, 
L.~.~SHIIH, JeKe {OKL~HOMA U~IV. RESfA~C~ 
INS T • , NORMAN lU SA )] • 

REFERENCE- BRIN~ CISFOSAL TREATME~T PRACTICES 
RELATING TO THE CIL PROOUCTIC~ INOUS~~Y. 
EPA-660/2•74-037, ENVIRONMENTAL PROTECTION 
AGENCY, WASHINGTON, o.c., MAY 1~74, 275 F •• 

DESCRIPTORS- BRINE l~EATMENT; BRINES: COR~OSICN; 
CORROSION INHI8I10RS1 ECONCMlCS; EVAPORATICN 
PONDS: INJECTICN WELLS: OILFIELD BRINES; 
PIPELINES; PLUGGING: REGULATIONS; SCALING~ 
SCALING CONT~OL; SURFACE EQUIPMENT; UNDERGROUND 
DISPOSAL: WASTE CISPOSAL: WELL COMPLETION. 

88 

SELM 60 
BRIN£ TREATME~T/SPENT FLUIC DISPOSAL 

TITLE- DElP WELL O!SFOSAL OF INDUSTRIAL ~ASTESe 

AUTHOR- SELM, R.F.;H~LSE, B.T. 

REFERENCE- CHEM. ENG. PROG., Ve 56 (5), Pe 
.138-l44(NAY l9EOl. 

DESCRIPTO~S- BACTERIA~ BIOLOGICAL FOULING; CHEMICAL 
COMPATIBILITY; DEFP WiLLS~ ECONOMICS; FLCW 
RATE; INDUSTRIAL WASTES; LEGAL ASPECTS; 
OILFIELD BRINES~ PLUGGING; PRE-INJECTION 
TREATMENT; SUSFfNOEO SCLIOS~ UNOERG~OUNO 
DISPOSAL: WASTE DISPOSAL; WELL DESIGN. 

89 

StiANNON 75 
BRINE TREATMENT/~FENT FLUIO DISPOSAL 

BRI~E TREATMENT/SCALING 
BRINE TREATMENT/COR~OSION 

TITLE- ECONOMIC IMPACl OF CORROSIO~ AND SCALING 
PROBLEMS IN GECTHERMAL ENERGY SYSTEMS. 

AUTHOR· SHANNON, o.w. {SATTELLE PACIFIC NORTHWEST 
LABS., R.ICrLANO, HASH. <USA). 
A C= 9 sa o o 22 1 • 

REFERENCE- ECONOMIC I"PACT OF CORFOSION A~C SCALING 
PROBLEMS IN GEOTHERMAL ENERGY SYSTEMS. 
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BNWL-1866, uc-~. BATTELLE PACIFIC NORT~~EST 
LABS., R!C~LANC. WASH., JAN 1975, 115 Pee 

DESCRIPTORS- AQUIFERS; ARTIFICIAL ~ECHARGE; 
BACTERIA: CARBONATES; CHEMICAL REACTIONS~ BRINE 
TREATMENT~ CHLO~IDES; CORROSION; CORROSION 
PROTECTION: COR~CSION RESISTA~T ALLOYS; 
CORROSIV[ EFFECTS; DEEP WELLS; DESALINATION; 
ECONOMICS; FILT~ATION; ELECTROCHEMICAL 
CORROSION; GEOtHERMAL BRINES; GEOTHER~Al 

ENERGY; GEOTHERMAL FLUIDS; GfCTHfRMAL ~ELLS; 
INJECTION PRESSU~E; !NJECTIO~ WELLS; IRCN 
OXIO~S; PERH:A3ILITY~ PH VALUE; PITTING 
CORROSION: PLUGGING; PRECIPITATION; 
PRE-!NJECTION T~~ATHENT; SCALING; SCRUEEERS; 
SILICA MINERALS; STEAM SCRUBEERS1 STEA~ 
SEPARATORS: STRESS CORROSION; SURFACE 
EQUIPMENT: SUSfENDED SOLIDS; lUREINE eLAOES; 
UNDERGROUND OISFCSAL~ WASTE WATER; WATER 
CHEMISTRY. 

90 

SHELCRICK 69 
BRlNE TREATMENT/SFE~T FLUIC DISPOSAL 

TITLE- DEeP-WELL D!SFCSAL--ARE SAFEGUARDS eEING 
IGNORED • 

AUTHOR- SHELDRICK, M.G. (EO.) 

REFERENCE• CHfH. ENG. <N.Y.l, Pe 74-78(APR 7, 1969)e 

DESCRIPTORS- CASE HISTORIES; DEEP ~ELLS; DISFOSAL 
FORHhTIONS; iN\I~ONMENTAL EFFECTS; FAILLRES; 
Gf.OLOGY: GROU~[ ~ATER~ HYDROLCGY; INJECTION 
PRESSURE: INJECTION WFLLS: LEGAL ASPECTS; 
LIQUID WAST£S; MCNITORING; POLLUTION; 
REGULATIONS: SAFETY; SEOIMENT~RY ROCKS; 
SEISMOLOGY~ UNCERGROUNO DISPOSAL; WASTE 

91 

SLAGLE 69 
BRIN~ TRfATMENT/~FENT FLLIC CISPOSAL 

TITLE- OIL FIELDS YlfLO NFW DEEP-WELL DISPOSAL 
TECHNIQUf~ 

AUTHOR- SLAGLC- K.A.:STOGNER, J.M. £HALLI8U~TON 
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SERVICES, OIV. Of HALLIBURTON CO., OUNCA~, 
OKLA. (USAtJ. 

REFERENCE- WATER ANC !EWAGE WORKS, V. 116 {6), P. 
238-20.4 (1969). 

DESCRIPTORS- ACIDIZATION~ BACTERIA~ BIOLOGICAL 
FOULING; CAS£ HISTORIES~ CHEMICAL 
COMPATIBILITY; CLAY MINERALS; CORROSIC~; 
CORROSION RESISTANT ALLOYS; OEEP WELLS; 
DISPOSAL FORMATIONS; DOLOMITE ROCKS; HYCPAULIC 
FRACTURING: INJECTION PRE.SSU~E; INJECTICN 
RATES; INJECTION WELLS; LEGAL ASPECTS: 
LIMESTONE; LIQUIC WASTES: MONITOfiiNG; CILFIELO 
BRINES; PERMEABILITY; POROSITYl RADIOACTIVE 
WASTES; SAND; SAhDSTONE; SHALE; SURFACE 
EQUIPMENT; UNOE~GROUNG OISFOSAL; WASTE 
DISPOSAL: WATER FOLLUTION; WELL CASINGS; WELL 
CEMENTING; WE:L l COMPLETION; ~E.LL DfSIG~. 

92 

SMITH 76 
BRIN~ TREATMENT/5FENT FLUIC -DISPOSAL 

TITLE- INJECTION•PU~F STUDY CAN CUT COSTS. 

AUTHOR- SMITH, R.S. (WORLEY ENGINEf~ING LTD., LONDON 
(UKtJ, 

REFERENCE- OIL fAS J., V, 74 (8), p, 99-102(Ff8 
1976'· 

OESCRI PTOR.S- CORROS lGN: DEEP WF'LLS ~ ECONOMICS; FLCW 
R~TE~ INJECTION F~ESSURE; INJECTION RATES; 
INJECTION WELLS; LIQU!O WASTfS; RESE~VCI~ 
ENGI~EERING; RESERVOIR PROPE~TIES: SURFACE 
EQUIPMENT; UNOEF.GROUNO DISPOSAL: WASTE 
DISPOSAL; WELL DESIGN. 

93 

TALBOT Elt 
BRINE TREATMENT/~PENT FLUIC DISPOSAL 

TITLE- THE DEEF WELL METHOD OF INClSTRIAL ~~STE 
DISPOSAL. 

AUTHOR- TALBOT, J.S. [COWELL SLUMEERG~R, PA~IS 
(FRANC!::) J, 
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Bt ARO'JN, P. (DOW INDUSTRIAL SERVICE, 
MIDLAND, MICH. (USA) J • 

REFERENCE- CHCM. ENG. PROG., V. 60 (1) 9 Pe 49-52(JAN 
1964) • 

OfSCRIPTGRS- ACIDIZATION; AQUICLUCES: BIOLOGICAL 
EFFECTS; FRF--l~JECTION TRfAT~ENT; CORROSION~ 
CORROSION RESI~TANT ALLOYS; CEEP WELLS; 
DISPOSAL FOR~ATICNS; ECONOMICS; FILT~AT!CN: 
FLOCCULATION: FLCW RATE; GEOLOGY; GROU~C WATER; 
HYDRAULIC FRAClUFING; HYDROLCGY; INDUSTRIAL 
WASTfS; INJECTION PRESSURE; INJECTION RATES: 
INJECTION WELLS; LEGAL ASPECTS: LIMESTC~E~ 

LIQUID WASTES; OILFIELD 3RINES; PER~EA6ILITY; 
PLUGGING: POLLUTION~ POLLUTION LAWS: POROSITY; 
RESERVOIR PROPE~1IES1 SANDSTONE: SEDIME~TATION; 
SURFACE iQUIPME~l; SUSPENDED SOLIDS; 
UNDERGROUND OISFOSAL: WASTE CISPOSAL; WELL 
CEMENTING: W~LL CESIGN: WELL C~ILLING: ~ELL 
LOGGING; CAL1FGRNIA; COLORAOG; INDIANA; IOWA; 
KANSAS; LOUISIA~A: MICHIGAN: NEW MEXICO; 
OKLAHOMA: PE~NSYLVANIA. 

94 

CIL GAS J. 76 
SRIN~ TREATMENT/SPENT FLUID DISPOSAL 

TITLE- NEW TEXAS H2S RULE COVEKS ~ANY FIELD 
OPERATIONS. 

AUTHOR- OIL GAS J. 

REFERENCE• OIL GAS J., v. 1* (16), Pe 60•62lAFR 
1976). 

DESCRIPTORS- DEEP WELLS: FLOW RATE; HYDROGEN 
SULFIDES: INJECllON WELLS: PCLLUTION~ FCLLUTICN 
LAWS; REGULAJIChS; SURFACE EQUIPMENT; ~ELL 

DRILLING: TEXAS. 

95 

TRELEASE 72 
3RINE TREATMENT/SPENT FLUID OISPOSAL 

TITLE- LIABILITY FO~ HARH FROM UNCERGROUNO ~ASTE 
DISPOSAL. 
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AUTHOR- TR~LEASE, F.J. [WYOMING UNiV., LA~AMIE 

C 0 OK , T • 0 • ( f 0 • J 

REFERENCE- UNOERGROU~C WASTE MANAGEMENT AND 
ENVIRONMENTAL L~PLICATIONS. AM. ASSOC. FETe 
GEOL., TULSA, OKLA., DEC 1972, MfMCIR 18, Pe 
369-375. 

DESCRIPTORS- r-NVI~ON~ENTAL EFFFCTS; GROUND W~TER~ 
Lf.GAL AS~ECTS; FCLLUTION: POLLUTION 
REGULATIONS: UNDERGROUND DISPOSAL; WASTE 
DISPOSAL. 

t.:NDERHILL 76 
aRlNE TREATMENTI!FENT FLUIC DISPOSAL 

TITLf- 3RINE DISPOSAL, C~APTER VIII. 

AUiHOR- UNDERHILL, G.I<.:CARLSON, R.A.:CLENOINNING, 
W.A.~ERDOS, J.;GAULT, J.:HALL, J.W.;JC~ES, 
R. L.; MICHA~L, 1- ,K •: POWELL, P .H. ;RIEMANN, 
C.F.:RIOS•CASTELLON, L.:SHEPHERO, B.F.~hiLSON, 
J.s. u:os., 

REFERENCE- PROCE£0I~G~·-SECONO GECFRESSU~EO 
GEOTHERMAL EN£RG~ CONFERENCE, VOL. IV~ SURFACE 
TECHNOLOGY AND .RiSOURCF UTILIZATION. TEXAS 
UNIV., CENTE~ FC~ ENERGY STUCIES, AUSTIN, TEX., 
FEB 1976, v. ~' P. 183•191. 

DESCRIPTORS- AQUIFE~S; BRINES; CO~ROSION~ CO~~OSION 
INHI8ITORS1 OEEF WELLS~ DISPOSAL FCRMATIONS; 
ECONOMICS; ENVl~CNMENTAL EFF~CTS; GEOLOGY; 
GEOTHERMAL BRI~Es; GEOTHERMAL FLUIDS; l~JECTION 
PRESSURE: INJECTION RATES; I~JECTION WELLS; 
OILFIELD BRINES; PERMEABILITY; PH ADJUSTMENT; 
POROSITY; RESE~VOIR ENGINF.ERI~G; SURFACE 
EQUIPMENT; SUSFENDED SOLIDS; THERMAL PCLLUTION; 
UNDERGROUND DISFCSAL; WASTE CISFOSAL; ~ELL 
DATA; WEll DESIG~. 

97 

WARNER 65 
BRINE TREATMENT/~FENT FLUit DISPOSAL 

TITLE· DEEP-WELL OISFCSAL OF INDUSTRIAL WASTES. 
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AUTHOR- WARNER, O.L. (ROBERT A. TAFT SANITA~Y 
ENGINEERING CENTER, CINCINNATI, OHIO <USA)J. 

REFERENCE- CH~M. ENG. (N.Y.), P. 13•78(JAN 4t 1965). 

DESCRIPTORS- AQUIFERS: AREAL rXTENT; BIOLOGICAL 
FOULING; CHEMICAl REACTIONS~ CHEMICAL 
COMPATIBILITY; CCRROSION; DEEP WELLS; ~ISPOSAL 
FORMATIONS: OOLC~ITE ROCKS; ECCNCMICS; 
FEASIBILITY STUDIES; FLOW RATE; GEOLOGY; 
INDUSTRIAL WASTE~; INJECTION FRESSURE; 
INJECTION RATES; INJECTION WELLS; LEGAL 
ASPECTS; LIHESlC~E; MONITORING; OILFIELC 
BRINES: PERMEABILITY; PLUGGI~G; POLLUTICN 
REGULATIONS; PC~CSITY; PRECIFITATION; 
PRE-INJECTION TREATMENT; REGULATIONS; RESE~VCIR 
PROPERTIES: SA~CSTONE; SHALE; UNDERGROUND 
DISPOSAL: WAST£ tiSPOSAL; WELL CASINGS; WELL 
CEMENTING; WELL DRILLING; WELL STIMULATION. 

98 

WARNER 66 
BRl~E TRfATMENT/~FENT FLUIC CISPOSAL 

TITLE- DEEP WfLL WASTE INJFCTION-·REACTION WITH 
AQUIFER WATER. 

AUTHOR- WARNER, D.L. £FEDERAL WATER POLLUTION 
CONTPOL AOMINISl~ATION, CINCINNATI, CHIC (USA). 
WATER RES£ARCH LAS.l. 

REF~RENCE- J. SANIT. ENG. OIV., A~. SOC. CIV. ENG., 
V • 9 2 ( SA q , P • 4 5-6 9 ( AUG 1 9 6 6 ) • 

DESCRIPTORS- AQUIFERS; CHEMICAL A~ALYSIS; C~E~ICAL 
COMPATIBILITY~ CHEMICAL REACTIONS; DEEF WELLS; 
ECONOMICS; HYDRODYNAMIC OISPE~SION; INJECTION 
WELLS; LIOUit ~A5TES; MEASURING !NST~UME~TS~ 
MEASURING McTHOCS; PE~HEABILITY~ PLUGGING; 
POROUS MEDIA; F~ECIPITATION: ~ADIUS 0~ 
INFLUENce; RESERVOIR PROPERTIES; SANDSTCNE; 
THEORETICAL TREA1MENTS; UNDE~GROUNO DISPOSAL; 
WAS n· 0 IS POS A L. 
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WATKINS 54 
dRI~E TREATMENT/5FENT FLUIC DISPOSAL 
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TITLE- ANALYTICAL "ETnOOS OF TESTlNG WATE~S TO BE 
INJECTED INTO S~ESURFACE OIL-PRODUCTIVE STRATA. 

AUTHOR- ~ATKINS, J.w. £BtiREAU OF ~INES, 
BARTLES V! LLE, Ol<lA • (USA) J • 

REFERENCE- ANALYTICAL METHODS OF TESTING WAlE~S TO 
BE INJECTfD INTC SUBSURFACE CIL•PROCUCTIVE 
STRATA. REPORT CF INVE.STIGATIONS 5031, UNITED 
STATES DEFARTMENl OF THE INTE~IOR, 8~R£AU OF 
MINES, FEB 19~4, 29 P •• 

DESCRIPTORS- C~EMICAL ANALYSIS~ CHEMICAL 
COMPOSITION; CHE~ICAL REACTIONS; CC~~OSION1 

DEEP WE~LS; OISFCSAL FORMATIONS; FLCW ~ATE; 

ELEC~ROCHEMICAl CORROSION; INJECTION RATES; 
INJECTION WELLS~ MEASURING IhSTRUMENTS; 
MEASURING METHCQS; OILFIELD eRINES; CIL ~ELLS; 
PH VALUE: PLUGGI~G: PRE•INJECTIO~ TREAT~ENT; 
UNDERGROUND OISFOSAL; WASTE CISPOSAL; KANSAS; 
OKLAHOMA; TEXAS. 
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WILSON 76 
BRl~~ TREATMENT/~FENT FLUID DISPOSAL 

TITLE- A STUDY OF A F~AS~ •o• PLAN FO~ THE 
PRODUCTION OF ELfCTRICAL POWER FROM u.s. GULF 
COAST GEOPRESSU~ED GEOTHERMAL WATERS. 

AUTHOR- WILSON, J.S.;~ICHAEL, H.~.;SHtPHERO, BePe 
£DOW CHEMICAL CC. (USA>. TEXAS IJIV.J. 

DITZL~R. c.c.;THOMAS, L.E. [DOW CHEMICAL CO. 
(USA). OIL ANO GAS O!V.J. 

BRADFORD, B.E.~STEANSON, ~. [DOW CHEMICAL 
CO. (USAle' DOWELL OIV.J. 

UNDERHILL, G.K.1CARLSON, ~.A.;CLENOINNING, 
W.A.:ERDOS, J.;GAULT, J.;HALL, J.W.:MIC~AELt 
H.K.;JONES, R.L.;POWELL, P.H.;RIEMAN~, 

C.F.;RIOS•CASTELLON, L.;s~EPHERC, B.P.;~ILSON, 

J • S • (£OS •) 

REF€RENCf.- PROCEECI~G~·-SECONO GECPRESSUREO 
GEOTHERMAL CNE~G' CONFER:Nce. VOL. IV. SURFACE 
TECHNOLOGY AND "~SOU~CE UTILIZA1ION. TEXAS 
UNIV., CENTE~ FCi' ENERGY STUCIES, AUSTIN, TEx.,· 
FEB 1976, APPE~ClX 8, 69 P •• 
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00u0!'"~80 

DESCRIPTORS- DEEP WELLS; DISPOSAL FORMATIONS1 
ECONOMICS; FLOW RATE; GEOLOGY; HYDRAULIC 
FRACTURING; INJfCTION PRESSURE: INJECTION 
RATES; INJECTIO~ WELLS; PERMiABILITY; 
PIPELINES~ PLUGGING; POROSITi: SEDI~ENTA~Y 
ROCKS; S!LICA ~JNERALS; SURFACE EQUIPMENT; 
SUSP~NDEO SOLICS; TEMPERATURE LOGGING; 
UNDERGROUND OISFCSAL; WASTE CISPCSAL; ~ELL 
CASINGS; WELL C~~ENTING: WELL COHPLETICN; WELL 
DESIGN; W~LL O~ILLING; WELL LCGGING; WELL 
STIHULAT!ONe 

1C1 

wooo 74 

BRINf TREATMENT/SPENT FLUIC DISPOSAL 

TITLE- USL OF UNO€RGRCUNO SPACE FOR WASTE STC~AGE 
THROUGH INJECTION WCLLS. 

AUTHOR- WOOD, L.A. tG~OLOGICAL SURVEY, RESTON, VA. 
lUSA)]. 

DEJU, R.A. (EC.l £WRIGHT STATE UNIV., 
DAYTON, OHIO (USA). DEPT. OF GEOLOGY). 

REFERENCE- EXTRACTICN OF MINERALS AND 
ENERGY-·TDOAY•s CILEHMAS. ANN ARBOR SCI£NCE 
PUBLISHERS INC., ANN ARBOR, f'ICH., 1974, Pe 
193-202. 

DESCRIPTORS- BIOLOGICAL FOULING; CHEMICAL REACTIONS; 
DEEP WELLS: DISFOSAL FORHATICNS; ECONO~ICS: 
ENVIRONMENTAL EFFECTS~ ENVIRO~MENTAL P~OTECTION 
AGENCY; GROUND WATER; HYOROLCGY; INOUST~IAL 
WASTES; INJECTICN WELLS; LEGAL ASPECTS; 
OILFIELD BRINeS; PERMEABILIT~; PLUGGING; 
POLLUTION; PRECI~ITATION; P~E-INJECTION 
TREATMENT: PRESSURE BUILDUP; REGULATIONS; 
SUSPENDED SOLIDS; UNDERGROUNt DISPOSAL; WASTE 
STORAGE: WELL OE~IGN. 
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WATER WELL JCURNAL 65 
3RINt. TREATMENT/~PENT FLUIO DISPOSAL 

TITLE- OPERATION OEEF WELL. 

AUTHOR- WATER WELL J. 
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REFERENCE- WATER WELL J., Ve 19 (5), P. 28-29(MAY 
196~l. 

DESCRIPTORS- 3F.INcS~ DEEP WELLS: lCCNOMICS; FLOW 
RATE: INDUSTRIAL WASTES: INJECTICN PRESSURE; 
INJ~CTION RATES; INJECTION WelLS; LIMESTCNE; 
LIQUID WASTES; "ADIUS OF INFLUENCE: SU~FACE 
EQUIPMENT; UNDERGROUND DISPOSAL; WASTE 
DISPOSAL: WflL [ESIGN; PENNSYLVANIA. 

1C3 

EAFFA 70 
BRINE TREATME~T/5FENT FLUID OISPOSAL 

TITLE- INJECTION HCLL EXPERifNCE AT RIVER~EACt N.Y •• 

AUTHOR- BAFFA. J.J. (JOHN J. BAFFA CO~SULTING 

ENGINEERS, NEW YORK, N.Y. (~SA)l• 

REFERENCE- J. AM. WATER WORKS ASSOC., v. ~2 (llt Pe 
41-46(JAN 197Gl. 

DESCRIPTORS- ARTIFICIAL RECHARGE; EXPE~IMENTAL 

RESULTS: FLOW RATE: GRAVEL PACKING; GRCUNO 
WATEP; HYO~AULIC!; INJECTION RATES; INJECTION 
WELLS; MEASURING INSTRUMENTS: MEASURING -
METHODS; 08S£RVATION WELLS; FLUGGING: WASTE 
WATER; WELL DESIGN; NEW YORKe 

104 

8AR~ACLOUGH 66 
BRINE TRfATME~TI!FENT FLUIC VISPOSAl 

TITLE- WASTE INJECTICN INTO A OEEf LIMESTONE IN 
NORTHW£STERN FLC~IDA. 

AUTHOR- BARRACLOUGH, J.T. £Gf0LOGICAL SURVEY, IOAHO 
FALLS, IDAHO CUSA)1• 

REFERENCF- GROUND WATER, Ve ~ (1), P. 22-2~(1966). 

DESCRIPTORS- AQUICLUOES; AQUIFERS; CASE HISTORIES; 
CHEMICAL ANALYSI~; CLAY MINE~ALS; DEEP WELLS; 
FLOW RATi~ GfOlCGY; HYDRAULICS; HYDROLOGY; 
INDUSTRIAL WASTE!; INJECTION PRESSURE; 
INJECTION RATES; INJECTION WELLS~ LIMESTONE; 
LIQUID WASTES; ~CN!TORING~ OESERVATION WELLS; 
SHALE; STRATIGRAPHY; SUSPENDED SOLIDS; 
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UNOfRGROUNO OISFOSAL; WASTE DISPOSAL;. FLORIDA; 
.ALABAMA. 

1G5 

eERGSTROH 6 88 
BRINE TREATMENT/~FENT FLUIC DISPOSAL 

TITLE- FEASIBILITY C~lTERIA FO~ SUESURFACE ~ASTE 
DISPOSAL IN IL~INOIS. 

AUTHOR- BERGSTROM, R.E. £ILLINOIS STATE GEOLCGICAL 
SURVEY, URBANA (USAl]e 

REFERENCE- GROUND WATER, v. 6 (5), Pe 5-9(1~68Je 

DESCRIPTORS- DEEP W~LLS; DISPOSAL FORMATIONS~ 

ENVIRONMENTAL EFFECTS; FEASIBILITY STUDIES; 
GROUND WATER; HY DROGEOLOGn INDUSTRIAL "ASTES~ 
INJECTION PRESSU~E1 INJECTION RATES1 INJ~CTION 
WELLS; LeGAL ASPECTS; LIQUID WASTES; 

·MONITORING; OBSE~VATION WELLS~ PERMEABILITY; 
PLUGGING~ PRE-I~JECTION TREATMENT; REGULATIONS; 
SANDSTONE; SHHE; STRATIGRAPt-Y; lNOERGRCIJNO 
DISPOSAL; WASTE CISPOSAL;_ WELL OESIGN; ~ELL 

LOGGING; IlLINCIS; ILLINOIS BASIN. 

106 

CA HELl 76 
BRINE TREATMENT/~PENT FLUIO CISPOSAL 

TITLE- SEISMIC CO~TRGL DURING A ~EINJECTION 
EXPE~IMENT I~ T~E VITERBO REGION (Cf~TRAL 
ITALYJ. 

AUTHOR- CAMEL!, G.M. £ENTE NAZIONALE PER t•ENERGIA 
ELETT~ICA, PISt. <ITALY) • CENTRO O! RICERCA 
GEOTERM ICA 1 • 

CARABELLI, s. [!STITUTO 01 GEOFISICA 
APPLICATA DEL PCLITECNICO DE MILANO (IT~lYlle 

REFERENCE• PROCEECI~(S--SfCCND UNITED NATIONS 
SYMPOSIU~ ON THE DEVELOPMENT ANO USE OF 
GfOTHE~MAL RESCURC£S. LAWRE~CE BERKELEY 
LABORATO~Y, UNIVERSITY OF CALIFORNIA, EE~KELEY, 
1976, Ve 2, Pe 1329-133tt. 
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DESCRIPTORS• DEEP WELLS: DISPOSAL FORMATIONS; 
EXPERIMENTAL RESULTS; FLOW RATE: GEOT~c~~AL 
FLUIDS; INJECTION WELLS; MEASURING INSTRUMENTS; 
MEASURING METHCCS; MONITORING; SEISMOLOGY; 
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CUELLAR 76 
BRINE TREATMENT/SFE~T FLUID OISPOSAL 

TITLE• BEHAVIOR OF SILICA IN GEOTHERMAL WASTE 
WATERS. 

AUTHOR• CUELlAR, G. £CELt SAN SAl~AOOR (£L 
SALVADOR>. LABOftATORIO GEOQUIMICO]. 

REFERENCE• PROCEEtiNGS••SECONO UNITED NATIONS 
SYMPOSIUM ON THE DEVELOPMENT ANO USE OF 
GEOTHERMAL RESOURCES. LAWRE~CE BERKELEY 
LABORATORY, UNI~ERSITY OF CALIFO~NIA, EE~KELEY, 
197&, V. 2t P. 1343•1347. 

DESCRIPTORS• C~EMlCAL ANALYSIS; CHEMICAL 
COMPOSITION; DEEF W~LLS~ DESALINATION; 
ECONOMICS; f.V~PCPATION PONDS: EXPERIME~TAL 
R~SULTS: FEASIBILITY STUDIES; FLOW RATE; 
GEOTHERMAL BRINES; GEOTHERMAL FLUIDS; 
GEOTHERMAL RESE~VOIRS; INJECTION PRESSURE; 
INJECTION WELLS; LIQUID WASTES; MEASURING 
INSTRUMENTS: MEA~URING METHOOS; MINERAL 
RECOVERY; PE~MEAEILITY; PH ACJUSTM£NT; 
PRE-INJECTION TREATMENT; SCA~ING; SILICA 
MINERALS: SURFACE EQUIPMENT; UNDERGROUND 
DISPOSAL; .. ASTC OISPOSAL: WASTE WATER; 
AHUACHAPAN GEOT~ERMAL FIELD; EL SALVADOR. 

10 8 

EINM~SSON 76 
BRINZ TR~ATME~T/SFENT FLUID DISPOSAL 

TITLE· DISPOSAL OF GEOTHERMAL WASTE WATER ev 
REINJECTION • 

AUTHOR• EINARSSON, s.s. (OTC, UNITED NATIONS, 
MANAGUA <NICARAGUA)). 

VICES, AeRe1CUELLAR, G. CCO~ISION EJECUTIVA 
H!OROELCCTRICA OEL RIO LEMPA, SAN SALVADOR (fL 
SAL VA DO R J l • 
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REFERENCE• PROCEEDINGS••SECONO UNITED NATIONS 
SYMPOSIUM ON TH~ DEVELOPMENT ANO USE OF 
GEOTHERMAL RESC~RCES. LAWRF.NCE BERKELEY 
LABORATO~Y, UNI~ERSITY OF CALIFO~NIA, EERKELEY, 
1976, Ve 2t P. 1349•1363. 

DESCRIPTORS• AQUIFE~S: CHEMICAL ANALYSIS; OEEF 
WELLS: O~SALINATtON: ECONOMICS; lXPERI~ENTAL 
RESULTS~ FEASIBILITY STUDIES; FLOW RATE; 
GEOTHERMAL B~I~t~~ GEOTHERMAL FLUIDS: 
GEOTHERMAL WELLS; INJECTION ~ATES; INJECTION 
WELLS; LIQUI [ WASTES; MONITORING; 08SERVATION 
WELLS: PERMEABILITY; PIPELINES; POLLUTION; 
PRESSURE EU!LOUP; RESERVOIR FROPERTIES; 
SCALING; SILICA MINERALS; S UHACt EQUIPfi!ENT; 
T~MPERATURE LOGGING; TRACE A~CUNTS; UNOERGROUNO 
DISPOSAL; WAST£ CISPOSAU WASTE WAT.ER; ltjfLL 
DESIGN; AHUACHAFAN GEOTHERMAL FIELD; EL 
SALVADOR: ELFME~1S. 
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C:COLSBY 71 
BRINE TREATMENT/~PENT FLUIO DISPOSAL 

TITLE· HYOROGEOCH£;:.11lCAL EFFECTS OF INJECTINt; ~ASTES 
INTO A LIMESTO~E AQUIFER NEA~ PENSACOLA, 
FLORIDA. 

AUTHOR- GOOLSBY, O.A. £GEOLOGICAL SURVEY, OCALA, 
FLA. WSA»le 

REFERENCE· GROUND WAHR, v. 9 (1), Pe 13•19(1971) • 

DESCRIPTORS· AQUICLUOES; AQUIFERS~ CHEMICAL 
ANALYSIS: CHEMICAL COMPOSITION; CHEMICAL 
REACTIONS; OEEF WELLS; DISPOSAL FORHATICNS; 
EXPERIMENTAl RESULTS; FLOW RATE; GEOC~E~ISTRY; 
GEOLOGY; HYDRAULICS: HYDROGEOLOGY: INDUSTRIAL 
WASTES; INJECTION PRESSURE; INJECTION ~ATES; 
INJECTION WELLS; LIMESTONE; LIQUID WASTES; 
MONITORING; OBSEFVATION WELLS; PH ADJUSTMENT; 
PH VALUE; RADIUS OF INFLUENCE; STRATIG~APHY~ 
TRANSMISSIVITY; LNDERGROUNO DISFOSAL; ~ASTE 
DISPOSAL: WELL CESIGN; WELL INTERFERENCE; WELL 
LOGGING: WELL STIMUL~TION; FLORIDA. 
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HU~OLEY 63 
aRINE TREATMENT/SPENT FLUID DISPOSAl 
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TITLF- DEEP w=Ll DISFCSAL. 

AUTHOR• HUNDLEY, C.L. (FHC, NEWPOH, IND. lLSJI). 
CENTRAL E~GINEE~ING DEPARTMENT]. 

MATULIS, J.l. [FMC, NEWPOH, IND. (I.;SA). 
CHfHICAL CORPS FACILITY1e 

REFERENCE- GROUND WATER, Ve 1 (2t, ~. 15•17, 
33(1963). 

DESCRIPTORS· CASE HISTORIES1 CHEMICAL COMPATI8ILITY; 
CORROSION PRCTECliON: DEfP ~ELLS; OISPCSJIL 
FORMATIONS: cCCNCMICS; GEOLGGY; INJECTION 
PRESSURE: INJECTION RATES~ INJECTION WELLS~ 

LIQUID WASTES~ PERMEABILITY; PH ADJUSTMENT; 
POROSITY: PfiE•INJ(CTION TREATMENT; SANDSTONE; 
STRAiiGRAPHY; S~BSURFACE RESE~VOIRS; SU~FACE 
EQUIPMENT; UNOE~GROUND DISPOSAL; WASTE 
DISPOSAL; WELL CE~ENTING; WELL COMPLETION; HELL 
DESIGN; WELL Ol<lLLING;" WELL LCGGING; lt\OIANA. 

111 

I<UBOTA 76 
SRI~E TREATMENT/SPENT FLUIC DISPOSAL 

TITLE- REINJECTION CF GfOTHERHAL HCT WATER AT THE 
OTAKE GEOTHERMAL FIELD. 

AUTHOR- KUBOTA, K.;ACSAKI, K. lKYUSHU ELECT~IC POWER 
CO., INC., FUKUCKA (JAPAN). RESEARCh OEFT•J• 

REFERENCE- PROCE~CI~G~--SECONO UNITED NATIONS 
SYMPOSIUM ON THt DEVELOPMENT ~NC USE Of 
GEOTHERMAL RESOURCtSe LAWREtCE BERKELEY 
LABO~ATORY, UNIVERSITY OF CALIFO~NIA, EE~KELEYt 
1976, V. 2, P. 1379-1383. 

DESCRIPTORS- CASE HISTORIES: DEEP ~ELLS~ OISFOSAL 
FORMATIONS; FLO~ RAT£; GEOLOGY; GEOTHE~~AL 
BRINES~ GEOTHERMAL FIFLOS; GEOTHERMAL FLliOS; 
GEOTHERMAL RESS~VOIRS; !NJECllON PRESSU~f; 
INJECTION WELLS; SCALING; SEISMOLOGY; SILICA 
MINERALS: UNDE~GROUNO DISPOSAL; WASTE CISPOSAL; 
WELL CASINGS; WELL DESIGN~ OlAKE GECTHE~MAL 
FIELD; JAPAN. 
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112 

MARSI-4 68 
6RIN€ TREATME~T/~FENT FLUIC DISPOSAL 

l!TLE- DESIGN Of ~A~lt DISPOSAL WfLLS. 

~UTHOR- MARSH, J.H. [UOP JOHNSON DIVISION, SAINT 
PAUL, MINN. (USA)Je 

REFERENCE- GROUND WATER, V. 6 (2), Pe 4-8(1S68)e 

DESCRIPTORS• ACIDIZATION; AQUICLU£fS; CASE 
HISTORIES; CHEMICAL ANALYSIS; CLAY MINE~ALS; 
CORROSION; COR~GSION INHIBITCRS; CQ~ROSICN 
PROTECTION; CO~"CSION RESISTA~T ALLOYS; tEEP 
WELLS; ECONOMICS: GRAVEL PACKING; INDUSTRIAL 
WASTES; INJECTICN WELLS; LIQUID WASTES; 
PLUGGING; SA~D: SANO CONTROL; SUSPENCEC SOLIDS; 
UNDERGROUND DISFOSAL; WASTE DISPOSAL; WELL 
CASINGS; WELL C~ MENTING; WE U. COMPLETION; WELL 
DESIGN; WELL LOGGING; WELL SCREENS; PH 
ADJUSTMENT. 

113 

~NGINO 70 
6RINE TREATMENT/~FENT fLUID OISPOSAL 

TITLE- SlLECTIVE ELEMENT RECOVERY FROM Cll FIELD 
13RIN~S. 

AUTHOR- ANGINO, E.E. [KANSAS UNIV., LAWRENCE (USA)]. 

REF~RENCE- WATER ~ESGUR. ~fS., V. 6 (5), P. 
1501-1504(0CT 19i0)e 

DESCRIPTORS- BRINE l~EATMENT~ BRI~ES: CHEMIC~L 

COMPOSITION: CHE~ICAL REACTIC~S; DESALI~ATlON; 
ECONOMICS; MINE~AL RECOVlRY; Cllf!ELD eRINES. 

114 

GARCIA•EE~GOCHEA 70 
6Rl~E TREATME~T/~PENT fLUIC CISPOSAL 

TITLE- DEEP WFLL OlSFCSAl OF WASTE WATERS IN SALINE 
AQUIFERS CF SOUT~ FLORIDA. 
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AUTHOR- GARClA•BENGCCHEAt J.I. (.BLACK, CROW AND 
EIDSNESS, INC., GAINESVILLE t FLA. CUSU J • 

Vt:RNON-, R. O. (GEOLOGICAL SURVEY, 
TALLAHASSEE. FLA. (USA). BOA~O OF CONSERVATION). 

REFERENCE· WATER RESCUR. ~ES., Ve 6 (5), P. 
1464·1470COCT 1970). 

DESCRIPTORS- AQUIFERS; CHEMICAL CC"POSITION~ CEEP 
WELLS; DISFOSAI.. FORMATIONS; DOLOMITE I<CCKS; 
HYDROGEOLOGY; INDUSTRIAL WASTES; INJECTICN 
PRESSURE; INJECTION RATES; I~JECTION WELLS; 
LIMESTONE; MONITCRING; OBSERVATION WELLS; 
OILFIELD BFIN£S; SALIN~ AQUIFERS; UNDERGROUND 
DISPOSAL; II'ASTE CISPOSAL; WAnE WATE~; loiELL 
CASINGS; HELL COMPLETION; WELL DESIGN; FLORIDA. 

115 

JAVANOEL 6C: 
BRINE TRE~THENT/~FENT FLUIC DISPOSAL 

TITLE- A METHOD OF ANALYZING TRANSIENT FLUIC FLCW IN 
MULT!LAYiREO AQUIFERS. 

AUTHOR- JAVANDEL, t. £PAHLAVI UNiv., SHIRAl (IRANJJ. 

WITHERSPOON, P.A. [CALIFORNIA UNIV., 
BfRKfLEY (USA)J. 

REF~RfNCE- WATEP ~ESCUR. RES., V. 5 (4), P. 
856•869(AUG 196~1. 

O~SCR!PTORS- ~QUIF~~S; AQUITARDS; FLOW RATE; 
HYDROLOGY; ~ATHE~ATICAL MODELS; PERMEABILITY; 
THEO~ETICAL TREAlMENTS. 

116 

N£UHAN 6i3 
dRINE TREATME~T/!PENT FLUIC OlSPOSAL 

TITLE- TH[ORY OF FLCW IN A CONFINED TWO AQUIFER 
SYSTEM. 

AUTHOR· Nf.UMAN t S • P.; HTHERSPOON, P • A. (CALIFORNIA 
UN I V • t BE R K E L F '( tu S A ) l • 

REFEP£NCE- WATER RtSOUR. R£S., Ve 5 (4), P. 
803•816(AUG 1969). 
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DESCRIPTORS• AQUIFERS; AQUITARDS~ FLOW RATE; 
HYDROLOGY; HATH~~ATICAL MODELS; PfRME~EILITY; 

THEOR2TICAL TREtlMENTS. 

117 

NEUMAN 698 
BRINE TREATMENT/SPENT FLUID CISPOSAL 

TITLE· APPLICABILITY OF CURRfNT THEORIES OF FLOW IN 
LEAKY AQl.JIFERS. 

AUTHOR- NEUMAN, S.P.;WITHERSPOON, F.A. £CALifORNIA 
UNIV., BERKELEY CUSA)]. 

REFERE~CE- WATEP RESGUR~ RES., v. 5 (~), P. 
817-829(AUG 19cS). 

DESCRIPTORS- AQUIFf~s; AQUITARDS; HYDROLOGY; 
MATHEMATICAL MOCELS; PERMEABlLITY; THEORETICAL 
TREAT HE NT S • 

118 

._ FIERCE 70 
BRINE TREATMENT/SPENT FLUIC CISPOSAL 

TITLE- REDUCING LAND SUBSIDENCE IN THE WILMINGTON 
OIL FIELD BY US£ OF SALINE WATERS. 

AUTHOR- PIERCE, R.L. COEPT. bF CIL PRCPERTIES, LONG 
BEACH, CALIF. (liSA)]. 

REFERENCE- WATER RESvUR. RES., V~ 6 (5), P. 
15QS-151~(0CT 1~7GJ. 

DESCRIPTORS- BACT~RIA; CHEMICAl CCMPATISILIT); BRINE 
TREATMENT; COR~OSION~ CORROSION INHIBITCFS; 
ECONOMICS~ ENVIRCNMENTAL EFFECTS; FILT~ATION; 
GRAVEL PACKING; GROUND SUBSICE~CE; INJECTION 
RATES~ INJECTIC~ WELLS; MEASURING METHOCS; 
MONITORING; OILFlELO BRINES; GIL WElLS; FH 
ADJUSTMENT: PLUGGING; PRECIPITATION: RESERVOIR 
PROPERTI:s; SCALlNG; SCALING CONTROL1 
UNDERGROUND OISFCSAL; WASTE DISPOSAL; WASTE 
WATER; WELl CASI~GS; WELL CE~ENTING; ~ElL 
DESIGN; WELL LOtGING: CALIFORNIA. 
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119 

REBHU~ 68 
SRINE TREATMENT/~FENT FLUIC DISPCSAL 

TITLf• CLOGGING AND CONTAMINATION PROCESSES IN 
RECHARGE WE:LLS. 

AUTHOR- RE8HUN, M. £TECHNION-ISRAEL INST. OF TECH., 
HAIFA]. 

SCI1WAF:Z, J. ( WATLR PLA NN HG FOR ISRHL LTD. 
(T AHA U , T£. L A VI 1J J • 

REFERENCE- WATER RESCUR. RlS., Ve 4 (6), F. 
12U7-1217COEC 1S68). 

DESCRIPTORS- AQUIFE~S; BACTERIA; BIOLOGICAL FOULING; 
CHEMICAL COMPOSITION; BRINE TREATMENT; OEEP 
WELLS~ OOLOMIT£ ROCKS~ EXPERIMENTAL ~ESULTS; 
GROU~D WATER; HYGRAULICS; INJECTION ~~TES; 
!NJECT!ON WELLS; LIMESTONE; MEASURING 
INSTRUMENTS; MEASURING METHOCS; PLUGGING; 
SANDSTON£; SUS fEI'.OEO SOLIDS; WAT£R QUALITY; 
WELL CASI~GS; WELL DESIGN; ISRAEL. 

120 

SHAMIR 67 
ERl~E TRlATME~T/~FENT FLUID CISPOSAL 

TITLE- NUMERICAL SOLUTIONS FOR OISFERSION IN POROUS 
MEDIUMS • 

AUTHOR- SHAMIR, u.v.;~ARLEMAN, D.R•F• CMASSAC~USETTS 
INST. OF TE. CH., CAMBRIDGE, (USA) • HYDI'COYNAHICS 
LAB.l. 

REFERENCE- WATER RESCUR. RES.,~~ 3 (2), P. 
557-581 (1 ~67). 

DESCRIPTORS- CASE HIS10RIES1 CCMPUTER CALCUL~TIONS; 
OE[P I~C::LL$~ FLOW RATE; GROUNC WATER;_ 
HYuRGDYNAMIC DISPERSION; INJECTION WELLS; 
MATHEMATICAL MOCELS; POLLUTICN; POROUS MEDIA; 
THEORETICAL TRE~lMENTS. 

B-64 



0. jJ 
. ~ t ~ 6 0 

121 

WARNER 70 
BRINE TREATME~T/~FENT FLUIC DISPOSAL 

TITLE- REGULATORY ASPECTS OF LIQ~ID ~ASTE INJECTION 
INTO SALINE ~QUIFERS. 

AUTHOR- WARNER, D.L. £MISSOURI UNIV., ROLLA CUSA)l. 

REFERENCE- WATER RESOUR. RES., Ve 6 (5), P. 
1458-1463fCCT 1~70). 

DESCRIPTORS- CHEMICAL COMPATIBILITY~ CORROSION~ DEEP 
WELLS; ECONOMICS; FfASIBILITY STUDIES; 
FILTRATION; GEOLOGY; HYOROGECLOGY; INDUSTRIAL 
WASTfS: INJECTION PRESSURE; INJECTION RATES; 
INJECTION WELLS; LIQUID WASTES; MONITOftiNG; 
PRE-INJECTIO~ TREATMENT; RAOIOACTIVErWASTES~ 

REGULATIO~s; SALlNE AQUIFERS; SEDIMENTATION; 
SUBSURFACE RESERVOIRS; SURFACE EQUIPMENT; WEll 
CASINGS; WELL CE~ENTING; WELL COMPLETICN; WELL 
DESIGN; WELL LCGGING; WELL OFEFATIONe 

122 

MAHON 66 
BRINE TREATMENT/SCALING 

TITLE- SILICA IN HOT WATER DISCHA~GEO FROM 
DRILLHOLES AT WAIRAKEI, NEW ZEALAND. 

AUTHOR- . MAHON, W.A.J. (DEPARTMENT CF SCIENTIFIC ANO 
INDUSTRIAL RESEARCH, <NEW ZEALAND). CHE~ISTRY 

DI V • J • 

REFERENCE- N.Z.J. SCI., V. g, P. 135-l~~(MA~ 1966). 

DESCRIPTORS- CHEMICAL ANALYSIS; CC~CENTRATION 
DEPF.NDENCE~ OEEF WELLS; GEOTHERMAL FIElCS; 
GEOTHERMAL WELLS: MEASU~ING INSTRUMENTS; 
MEASURING METHOCS: MON!TOFING; QUARTZ: SILICA 
MINERALS: SiLICA SOLUBILITY; TEMPERATURE 
DEPENDENCE: TEMPERATURE LOGGING; WELL ~EAO 
PRESSURE: WAIRAKEI GEOTHERMAL FI~LO: NEW 
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HARSH 75 
BRINE TREATMENT/SCALING 

TITLE• POLYME~IZATICN KINETICS ANC EQUILIB~IA OF 
SILICIC ACID I~ AQUEOUS SYSTEMS. 

AUTHOR- HARSH, A.R., III £DOW CHEMICAL COHPANY, 
MARTINEZ, CALif. WSA) l• 

KLEIN, G. £CALIFORNIA UNI~., RICHHONC CUSAle 
SEA WATER CONVER~ION LABORATO~Yle 

VERMEULEN, Te (CALIFORNIA UNI~., BERkELEY 
(USA). DEPT. OF CHEMICAL ENGINEERING). 

REFERENCE• POLYHERIZA1ION KINETICS AND EQUILIERIA OF 
SILICIC ACID I~ AQUEOUS SYSTEMS. M.s., 
LBL-4415, CALIFC~NIA UNIV., LAWR~NCE efRkELEY 
LAB., BERKELEY, CALIF., OCT. 1975, 172 Pee 

DESCRIPTORS- AMORPHO~S SILICA~ AQUEOUS SOLUTICNS; 
CARBONATES; CHEMICAL COMPOSITION; CHEMICAL 
REACTIONS; CONCE~TRATION OEPE~CENCE; 
EXPERIMENTAL RESULTS; FLOCCULATION; GECTHERMAL 
BRINlS; MEASURl~G METHODS~ PH VALUE; PIPELINES; 
POLYMERIZAliON~ PRESSURE OEFf~OENCE~ QUARTZ; 
SCALE COMPOSITION; SCALING; SILICA MINE"ALS; 
SILICA CHEHISTF~; SILICA SOLUBILITY; 
SOLUBILITY; TEMPERATURE DEPE~DENCE; 
THERMODYNAMICS; liME DEPENDE~CE; TRIOYMITE; 
JAPAN; I~ALY= ~f~ ZEALANO. 

~24 

MOREY 62 
BRI~E TREATMENT/SCAliNG 

TITLE- THe SOLUEI~ITY OF QUARTZ Ih WATER IN THE 
T£MPfRATURE INTf~VAL FROM 25 DEGREES TO 300 
DEGREES C• 

AUTHOR- MOREY, G.w.;FOURNIER, R.O.;ROWE, J.J. 
£GEOLOGICAL SUIOIIEY, WASHINGTCN, O.C. (USA)]. 

REFER~NCE- GEOCHI~. COSMOCHIM. AClA, Ve 26, F. 
1029-1Clt311962) • 

DESCRIPTORS• AQUEOU~ SOLUTIONS; CCNCENTRATION 
DEPENDENCE: EXPERIMENTAL RESuLTS; HEASU~ING 
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INSTRUMENTS1 MEASURING METHODS; QUA~TZ1 SILICA 
MINERALS; SILICA CHEMISTRY; SILICA SOL~BILITY; 
SOlUBILITY; TEHF~RATURE OEPE~CENCE; TIME 
Ot:PCNOE NCE. 

125 

MOREY 6'+ 
BRINE TREATMENT/SCALING 

TITLE- THE SOLU8ILITY OF AMORPHOUS SILICA AT 25 
DEGREES c. 

AUTHOR- MOREY, G.w.;fCURNI£R, R.c.;ROWE, J.J. 
£GEOLOGICAL SURVEY, WASHINGTC~, D.C. (tSAl1e 

REFERENCE- J. GEOPHYS. RfS., Ve 69 (1Gl, Pe 
1995-2002(MAY 19E4le 

DESCRIPTORS- AMORPHCUS SILICA; AQUEOUS SOLUTICNS~ 
CRISTOBALITE; f>FF.RIMfNTAL RESULTS; FREE 
ENERGY; GEOTHtRHAL FLUIDS; ~EASURING MET~ODS1 
PH VALUE; PH OEFENCENCE; QUA~Tz; SILICA 
MINERALS; SILICA CHEMISTRY; SILICA SOLUSlLITY; 
TEMPERATURE OEFE~DENCE1 TIME DEPENDENCE. 

126 

OWEN 75 
BRINE TREATME~TISCALING 

. TITLE• PRECIPITATION CF AMORPHOUS SILICA FRCM 
HIGH-TEMPERATURE HYPERSAL!NE GEOTHERMAL BRINES. 

AUT~OR• OWEN, L.B. £CALIFORNIA UNIV., LIVERMGRE 
(USA). LAH~ENCE LIVERMORf LASe]• 

REFERENCE• PRECIPITATION OF AMORPHOUS SILICA FROM 
HIGH•TEMPERATUJ\E HYPERSALINE GEOTHERMAL BRINES. 

UCRL-51866, CALIFORNIA UNIV., LAWRENCE 
LIVERMORE LAB., LIVERMORE, CALIF., JUN 1975, 20 
~ .. 

DESCRIPTORS• AHORPHCU5 SILICA; AQUEOUS SOLUTICNS; 
CHALCEDONY~ CH£~1CAL REACTIONS; CONCENT~ATION 
DEPENDENCE; CRISTOBALITE; ECCNOMICS; GEOTHERMAL 
BRINES~ HYDROXIDES; METALS; OPALINE SCALE; PH 
AOJUSTMENf; PH VALUE; PH D£PE~DENCE; 
POLYM~RIZATICN; PRECIPITATIONl PRESSURE 
DEPENDENCE; QUAtHZ; SALINITY; SCALING; SILICA 
MINERALS; SILIC~ CHEMISTRY; SILICA SOLUBILITY; 
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SUSPENDED SOLIOS1 TEMPERATURE OEPENCENCE; TIME 
DEPENDENCE; SALTCN SEA GEOTHERMAL FIELC. 

127 

OZAWA 70 
BRINE TREATMENT/SCALING 

TITLE- A PH~~ON~NCN GF SCALING IN PRODUCTIO~ WELLS 
AND THE GEOTHER~AL POWER PLANT IN THE ~ATSUKAWA 

AREA. 

AUTHOR- OZAWA, T. £ TCKYO II~ST. Of TECH. (JAPANt. 
DEPT. OF CHE~ISTRYJ. 

FUJII, Y. (JAPAN METALS A~O CHEMICALS CO., 
LTD., !WAlt (JAFAN)l. 

REFERENCE- GEOTHERMlCS, SPECIAL I5SUE 2, Ve2 (2), P. 
1613-1618(1970). 

DESCRIPTORS- AM0RPHCLS SILICA: BR!NES1 CHEMICAL 
ANALYSIS~ CHEMJCAL COMPOSITIC~: BRINE 
TREATMENT; CLAY MINERALS; CO~~OSION; 
EXPERIMENTAL ReSULTS; MEASURING METHODS; 
GEOTHERMAL B~INE!; GEOTHERMAL WELLS; IRON 
OXIDES; ~ETALS; PH VALUE; PIPELINES; SCALE 
COMPOSITION; SCALING; DESCALING; SCALIN~ 
CONTROL; SILICA MINERALS; SILICA CHEMISTRY; 
SILICA SOLUBILITY; SURFACE EQUIPMENT; SUSPENCEO 
SOLIDS; TURBINE BLADES; WELL INTERFERENCE; 
MATSUKAWA GEOTHERMAL FIELD: .. APAN. 

128 

SCHOCK 75 
BRINE TREATMENT/SCALING 

TITLE- THE EFFECT OF ELECTRICAL FOTENTIAL ON SCALE 
FORMATION IN SAL10N SEA BRINE. 

AUTHOR- SCHOCK, R.N.;OUBA, A. {CALIFORNIA UNIV., 
LIVERMORE (USA J • LAWRENCE LI vf.RMORE LAB. 1 • 

REFERENCE- THE EFFECT OF ELECTRICAL POTENTIAL ON 
SCALE FORMATIO~ IN SALTON SEA BRINE. 
UCRL-51941, CALIFORNIA UNIV., LAWRENCE 
LIVERMORE LAB., LIVERMORE, CALIF., NOV 1975, 14 
P. • 
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DESCRIPTORS- BP.INES; CHEMICAL ANALYSIS~ EXPE~IMENTAL 
RESULTS: GEOTHE~~AL BRINES; MEASURING 
INSTRUMENTS~ MEA~URING METHOCS; SCALING; SILICA 
MINERALS; SILIC~ SOLUBILITY; SALTON SEA 
GEOTHERMAL FIELD. 

129 

TCLIVIA 70 
BRINE TREATMENT/CGRROSION 

TITLE- CORROSION MEASUREMENTS IN A GEOTHER~AL 
ENVIRONMENT. 

AUTHOR- TOLIV!A, E.~. £GEOTHERMAL ENERGY COMMISSION, 
MEXICO CITY (MEXICO). CHEMICAL INVESTIGATION 
SECTION l. 

REFERENCE- GEOTHERMICS, SPECIAL !~SUE 2, Ve2 (2), P. 
1596-1601l1 97G) • 

DESCRIPTORS- CriMICAL COMPOSITION; CHLORIDES~ 
CORROSION~ CORROSION PROTECTION: CORROSI~N 
RESISTANT AL~0,3; EROSION: E~FERIHE~TAL 
RESULTS; G£0THF.~MAL FLUIDS; MEASURING 
INSTRUMENTS; MEA~URING METHODS; SCALIN~; STRESS 
CORROSION; TIM~ CEPENOENC£; CERRO PRIETC 
GEOTHERMAL FIELD; MEXICO. 

130 

TREAt WELL 3S 
BRINE TREATMENT/SCALING 

TITLE- POLYML~ISATION OF PHENOMENA OF SILICIC ACIO. 

AUTHOR- TREADWELL, w.c. £EIDGFNOESSISCHE TECH~ISCHE 
HOCHSCHULE, ZURICH (SWITZERLAND>. INORGANIC 
LABel. 

REFERENCE- TRANS. FARADAY SOC., Ve 31, P. 
297-304 (1 ~35,. 

DESCRIPTORS- CHEMICAL REACTIONS; ELECTRODIALYSIS~ 
FXPERIMENTAL RESULTS; MEASURI~G INSTRUrENTS; 
MEASURING HETHOCS~ FH AOJUST~ENT; PH 
DEPENDENCE; POLYMERIZATION; ~ILICA CHE~ISTRY; 
TIME DEP~NOENCEe 
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VAN LIER 60 
BRINE TREATHE~T/SCALING 

TITLE- THE SOLUBILITY OF QUARTZ. 

AUTHOR- VAN LIERt J.A.1DE BRUYN, P.L.~OVERBEEKt 
JeTH.G. £MASSACHUSETTS INSTe OF TECH., 
CAMBRIDGE (USA). DEPT. OF METALLURGY). 

REF£RENCE- J. PHYS. CHEM., V~ 64, Pe 1&75•1682(NOV 
196 0) • . 

DESCRIPTORS- AQU~OUS SOLUTIONS; CHEMICAL ANALYSIS; 
CHEMICAL ~EACTICNS1 EXPERIMENTAL RESULTS; 
MEASURING INST~l~ENTS; MEASU~ING METHOCS; PH 
DEPENDENCE; QUARTZ; SALINITY; SILICA MINERALS; 
SILICA CHEMISTR~; SILICA SOLUBILITY; SCOIUH 
CHLORIOESf TIME CEPENOENCEe 

132 

WAHL 71.t 
BRI~E TREATMENT/SCALING 

TITLE- SILICATE SCALE CONTROL IN GEOTHERMAL 
9RINES--FINAL REPORT. 

AUTHOR- WAHLt E.F.;YE~, I.K.;BARTELt w.J. £GAfRETT 
RESEARCH AND DEVELOPMENT CO., INC., LA VERNE, 
CALIF. <USAJle 

REFERENCE• SILICATE SCALE CONTROL IN GEOTHE~MAL 
BRINES--FINAL REPORT. GR•O 74-j4s, GA~RETT 
RESEARCH AND DEVELOPMENT COMPANY, INC., LA 
VERNf, CALIF., .SEP 1974, 122 P •• 

DESCRIPTORS- ABRASIO~~ AMORPHOUS SILICA; ~QUEOUS 
SOLUTIONS; BRINES; CARBONATES; CHEMICAL 
ANALYSIS: CHALCECONY: CHEMICAL COMPOSITICN; 
CHEMICAL FEACTIC~S; BRINE TREATMENT; 
CONCF.NTRATION CE~ENOENCF.; CR~STAL SEEDING; 
CRISTOBALITE: EXFERIMENTAL RESULTS; FLCW RATE; 
GEOTHERMAL B~I~~~; HEAT FLOW; HEAT TRA~SFER; 
HEAT TRANSFER CO~FFICIENT; H~OROXIOES; 
MATHEMATICAL HOG£LS: MEASURING INSTRUMENTS; 
MEASURING HETHOCS: MONITORINGl PH ADJUSTMENT; 
PH VALUE~ PH OEFF.NOENCE; PIPELINES; 
POLYMERIZATICN; PRECIPITATION; QUARTZ~ SANO; 
SCALE COMPOSITION; SCALING; SCALING CONTROL; 
SILICA MINERAL~1 SILICA CHEMISTRY; SILICA 
SOLUBILITY; SILICATES; SURFACf EQUIPMENT; 
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TEMPERATURE DEFE~O~NCE~ iEMPE~ATURE LOGGING; 
THEORETICAL TREAlMENTS; TIME OEPENOE~CE~ 
TRIDYHITE: WELL CHARACTERISTICS; WELL LCGGING1 
WELL OPERATION~ EAST MESA KG"A; CALIFO~NlAe 

133 

WH!Tf 56 
BRI~E TREATMENT/SCALING 

TITLE· SILICA IN HOT•SPRING WATERS. 

AUTHOR- WHITE, O.E.~ERANNOCK, w.w.;MURATA, ~.J. 
(GEOLOGICAL SUFVEY, WASHINGTO~, D.C. (lSAJJe 

REF~RENCE- GEOCHIM. CCSMOCHIM. ACTA, v. 10, Fe 
27-59(1956). 

DESCRIPTORS- AQUEOUS SOLUTIONS; CARBONATES;, 
CHALCEOO~'; CHEMICAL COMPOSITION; CHEMICAL 
REACTIONS; CHLC~IOES; CLAY MINERALS; CON~ATE 
WATER; CONCENT~AliON OEPENOE~CE; C~ISTCEALIT£; 
EXPERIMENTAL RESULTS; GEOTHER~Al FLUIDS; 
MEASURING METHCOS; OPAL; PH VALUE; PH 
DEPENDENCE; POLYMERIZATION; FRECIPITATION; 
QUARTZ; SALINITY; SCALING1 SCALING CO~T~OL; 
SILICA MINERALS; SILICA CHEMISTRY; SILICA 
SOLUBILITY~ TE~PERATURE OEPE~CENCE~ TI~£ 
OEPENOE"NCE: lRICYMITE; STEAMECAT SPRINGS; 

134 

~ILSON 74 
BRINE TREATMENT/SCALING 

BRINE TRfATMENT/CCRROSION 

TITLE- LABORATORY PROGRAM TO STUDY FLASHING ANO 
SCALING CHARACTE"ISTICS OF GEOTHERMAL B~lNES. 

AUTHOR- WILSON, J.S. COOW CHEMICAL CO., MIDLAND, 
M I C H • ( US A) 1 • 

WARREN t' G. R.. 

REFERENCE- LABORATO~Y PROGRAM TO STUDY FLASHING AND 
SCALING CHARAClERISTICS OF GECTHERMAL B~INES. 
INT•OSW·RDPR-7~·969, DOW CHE~ICAL CO., MIDLA~Ot 
MICH., MAY 1974, 87 P •• 

DESCRIPTORS· CARBONATES: CHEMICAL ANALYSIS: CHEMICAL 
COHPOSITICN; CHLORIDES; CONCf~TRATICN 
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DEPENDENCE~ CORROSION; CORROSION RESISTANT 
ALLOYS: DESALI~AliON: £XPERI~ENTAL RESULTS: 
F!LTRATION; FLAS~ING: FLOCCULATION; FLCW RAT£; 
GEOTHERMAL S~IhE~; GEOTHERMAL FLUIDS; GROUND 
SUBS! DE'NCE: HY!JR OGEN SULFIDES; INJECTION WELLS; 
MEASURING INSTRU~ENTS; MEASU~ING HETHCCS; P~ 
AOJUSTMENn ?H liALUE; PH DE FE "DENCE; PITTING 
CORRCSION: P~E~SURE OEPENCENCE; SCALING; SILICA 
HINEKALS! SILICA CHEMISTRY; SILICA SOLUEILITY; 
SULFIDES: SUSPc~(ED SOLIDS; TEMPeRATURE 
DEPENDENCE: TI ttE OEPENDE:NCE; UNDERGROUNC 
DISPOSAL: WAST:: CISPOSAL: WASTE: WATER; lt'PERIAL 
VALL~Y; CALIFO~NlA. 

135 

AL.EXANCER 5 .. 
BRINE TR~ATHENT/SCALING 

TJTLE- THE SOLUBILITY OF AMORPHOUS SILICA IN ~ATER. 

AUTHO~- ALEXANDER, G.B.;HESTON, W.M.:ILE~, ReKe ICU 
PONT DE NEMOURS (E.I.) AND CO-. INC., 
WILMINGTON, DEL. WSAle GRASSELLI CHEMICtLS 
DEPT.l. 

REFER£NCE- Je PHYS. CHEM., V. 58, P. 453-455(JUN 
1954). 

DESCRIPTORS- AMORPHC~S SILICA~ AQUEOUS SOLUTIONS; 
CHEMICAL REACT:CNS~ EXPERIMENTAL RESULTS; 
MEASURING METHCCS; PH VALUE; FH DEPENDENCE; 
SILICA CHfMISTR~; SILICA SOLUBILITY; 
TEMPERATURE OEFf~OENCE; TIME DEPENDENCE. 

136 

ALEX~NOER 5,.8 
BRI~E TREATMENT/SCALING 

TITLE- THf POLYMFRIZAliON OF MONOSILICIC ACIO. 

AUTHOR- ALEXANCERt G.B. £0U PONT CE NEMOURS CE.Ie) 
AND CO., INC., WlLMINGTON, DEL. CUSA). 
GRASSELLI CHEMICALS DEPT. le 

REFERENCE- AM. CHEM. ~OC. J. • v. 76, Pe 
2094•2C96CAPR 1qS4)e 
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.. 

DESCRIPTORS- EXPERI~£tTAL RESULTS1 MEASURING 
METHODS; PH VALUf: PH DfPENOENCE; 
POLYMERIZATICN~ SILICA MINERAlS: SILICA 
CHEMISTRY; SILICA SOLUBILITY; TEMPERATURE 
DEPENDENCE; Tl~E DEPENDENCE. 

137 

. AllfGRINI 70 
BRINE TREATMENT/CORROSION 

BRINE TREATME~T/SCALING 

TITL£- CO~ROSION CHA~ACTERISTICS AND GEOTHER~AL 
POWER PLANT PRCTECTION (COLLATERAL PROCESSES OF 
ABRASION, EROSlCN AND SCALING>. 

AUTHOR- ALLEGRINI, G.;BENVENUTI, G. £ENTE NAZIONALE 
PER L•EN~RGIA ELETTR!CA, LARCE~ELLO fiTALYl. 
COMPART!f1ENTO Dl FIRENZE., GRUPPO PERFORAZIONI, 
I.M.l. 

REFERENCE- GEOTHERMlCS, SPECIAL I5SUE z, Ve 2 (1), 
P. 865-881(1970). 

DESCRIPTORS- A8RASIO~; CHEMICAL CCMPOSITION; BRINE 
TREATMENT; CHLC~IDES; COOLING TOWERS; 
CORROSION; COR~CSION PROTECTION; CORROSICN 
RESISTANT ALLOYS; EROSION; EXPERIMENTAL 
RESULTS; MEASURING METHODS; ELECTROCHE~ICAl 
CORROSION; GEOTH~RMAL FlUIDS; GEOTHERM~L POWER 
PLANTS; HYORCG~N SULFIDES; IRON CXIOES; PH 
ADJUSTMENT: PH VALUE; PIPELINES: PITTING 
CORROSION; SCALING; STRESS CC~ROSION; SULFIDES; 
SURFACE EQUIPM~NT; SUSPENDED SOLIDS; 
TEMPERATURE JEFfNDENCE: TURBINE BLADES; 
LAROERELLO GEOl~ERMAL FIELD; ITALY. 

138 

EA~NING 73 
BRINE TREATMENT/CORROSION 

TITLE- CORROSIO~ RESISTANCE OF METALS IN HOT 
BRINES--A LITE~A1URE REVIEW. 

AUTHOR- BANNING, L. r. ;OOEN, L. L. (ALBANY METALLURGY 
RESEARCH CENTEI', ALBANY, OREG. <USA)). 

REFERENCE- CORROSICN ~ESISTANCE OF METALS IN ~OT 

8RINfS--A LITE~ATURE REVIEW.. IC-8601 9 BUREAU 
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OF HINES, u.s. DEPT. OF THE INTERIOR, 
WASHINGTON, D.C., "1973, 39 P. • 

DESCRIPTORS- BP.INES; CHEMICAL ANAlYSIS; CHEMICAL 
COMPOSITION; CHLCRIDES; CORROSION; COR~OSICN 
RESISTANT ALLOYS; EROSION; EXPERIMENTAL 
RESULTS; MEASU~ING METHODS; ELECTROCHEMICAL 
CORROSION; GEOl~ERMAL BRINES; GEOTHERMAL 
FLUIDS; P~ VALUE; PITTING COF~OSION; ST~ESS 
CORROSION; SULFIDES; HVERAGEFDI GEOTHE~~Al 
FIELD; GEYSERS GEOTHERMAL FIELD; HATSU~A~A 
GEOTHERMAL FIELG; CERRO PRIETO GEOTHERMAL 
FIELD; IMPERIAL vALLEY; WAIRAkti GEOTHE~HAL 
F!ELD; CALIFOR~IA; NEW ZEALAND; MEXICO; JAPAN; 
ICELAND. 

13<:1 

8EHRMAN 40 
BRI~E TREATHE~T/SCALING 

TirLE- REMOVAL OF SILICA FROM WATER. 

AUTHOR- BEHRMAN, A.S.;GUSTAFSON, H. [INTERNATIONAL. 
FILTlR CO,, CHICAGO, ILL. (USA)l. 

REFERENCE- IND. ENG. CHEM., v. 32 (4), P. 
468•472(APR 1940), 

DESCRIPTORS· BRINE TREATMENT~ EXPERIMENTAL RESULTS; 
MEASURING METHOG~; FLOCCULATION; FLCCC~LATING 
AGENiS; HEAT TFANSFER; HYDROXIDES; IRON OXIDES; 
METALS; P~ ADJUSlHENT; PRECIFITATION; SCALING; 
OESCALING; SILICA MINERALS. 

140 

CATALANO 75 
BRINE TREATMENT/SCALING 

' 
TITLE· COMMENTS ON T~E POSSIBLE EFFECTS OF AOCITIVES 

ON SCALING 9Y GECTHERMAL SRI~fSe 

AUTHCR• CATALANC, E.;~ILL, JeHe £CALIFORNIA UNIV,, 
LIVERMOR~ (USA le LAWRENCE LIVER~ORE LABel• 

REFERENCE- COMMENTS CN THE POSSIBLE EFFECTS CF 
ADDITIVES ON SCtLING BY GEOTHERMAL BRINES. 
M.s., UCRL·S175E, CALIFORNIA UNIV.,LAWRENCE 
LIVERMOR:.: LAB., LIVERMORE (USA I, FEB 1975, 7 
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DESCRIPTORS- ADDITI~f!; CARBONATES; CHEMICAL 
REACTIONS; COR~CSION; GEOTHE~MAL BRINES; 
HYDROXIO~S! M~7~LS; PH AOJUST~ENT; PH 
DEPENDENCE; ?OLYMERIZATION; FRECIPITATICN; 
SCALING; SCALI~G CONTROL; SILICA MINERALS; 
SILICA CHEMISTRY~ SULFIDES; THERMODYNAMICS. 

141 

ELLIS 64 
BRINE TREATMENT/SCALING 

TITLE- NATURAL HYDRJlHERMAL SYSTEMS AND EXPE~IMENTAL 
HOT-WATER/ROCK l~TERACTIONS. 

AUTHOR- ELLIS, A.J.;MAHON, W.A.J. COEFARTMENT OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH, PETCNE (NEW 
ZEALAND) • CHf.MI !lRY DIVISION l • 

REFERENCE- GEOCHIM. COSMOCHIM. AClA, v. 28, F • 
. 1323-1357f1964). 

DESCRIPTORS- AMORPHOIS SILICA; CHEMICAL ANALYSIS; 
CHEMICAL COMFOSlTION; CHLORIDES; CO~CENT~ATION 
DEPENDENCE~ CRISTOBALITE: ELEVATED PRESSuRE~ 
EXPERIMENTAL RfSULTS; GEOTHE~MAL BRINES; 
HYDROGEN SULFIDES; MEASURING METHODS; CLARTZ; 
ROCK-FLUID INT~RACTIONS: ROCKS: SILICA 
MINERALS: SILIC~ CHEMISTRY; SILICA SOL~eiLITY1 
ELEVATED T~MPE~AlURE; TEMPERATURE OEFE~CENCE; 
TIME DEPENDENCE~ NfW ZEALAND. 

142 
FCSTER 61 

BRINE TREATHENT/COR~OSION 

TITLE- CORROSION I~VE~TIGATIONS IN HYDROTHERMAL 
MEDIA AT WAIRAKEI, NEW ZEALAND. 

AUTHOR- FOSTER~ P.K.;"ARSHAllt T.;TOHBSt A. 
(DEPARTMENT OF SCIENTIFIC ANO INDUSTRIAL 
RESEA~CH, WELLl~GTON (NEW ZEAlANOle OO"l~ION 

\ 

LABel• 

REFERENCE- PROCEECI~G~ OF THE UNITED ~AllONS 
CONFf,RENCE ON N~W SOURCES OF ENERGY. VCLUHE 3, 
GEOTHERMAL ENE~G)--II. UNITfO NATIONS, NEW 
YORK, 1964, V.3, GEOTHERMAL eNERGY--lit 
P.lac-195. 

DESCRIPTORS- CARBONATES: CATHODIC DEPOLARIZATION; 
CHLORIDES; COR~CSION; CORROSION PROTECTION; 
CORROSION RESISTANT ALLOYS; E~OSION; 
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EXPE~IMENTAL RESULTS; GEOTHERMAL BRINES; 
HYDROGEN SULFIDES: MEASURING METHODS; MCDERATE 
PRESSURE: PITTING CORROSION; STRESS CO~~OSION; 
SULFIDES; ELEVAT£0 TEMPERATURE; MODERATE 
TfMP~RATURf; TEMFERATURE DEPENDENCE; TIME 
DEPENDENCE; TUREINE BLADES; W~IRAKEI GEOTHERMAL 
FIELD: NEW ZEALA~O. 

143 

FCURNIE~ 62 
BRihE TREATMENT/SCALING 

TITLE- THE SOLUBILITY OF CRISTOBALITE ALCNG THE 
THRE£-PHAS~ CURvE, GAS PLUS LIQUiD PLUS 
CRISTOBALITE. 

AUTHOR- FOURNIER, R.o.:ROWE, J.J. [GEOLOGICH 
SURVEY, WASHINGlCN, O.C. (USA>l• 

REFERENCE- AM. MINERAL., Ve 47, P. 897•9Q2(19E2)e 

DESCRIPTORS- CRISTOB~LITE; EXPERIMENTAL RESULTS~ 
FREE ENERGY; MEASURING METHODS; SILICA , 
MINERALS: SILICA SOLUBILITY; MODERATE 
TEMPERATURE! EL~~ATEO TEMPER~TURE; TEMFERATURE 
DEPENDENCE; THEk~ODYNAMICS. 

144 

HGFFMANN 75 
BRI~E TREATMENT/SCAliNG 

BRINE TREATHENT/CCR~OSION 

TITLE~ BRINE CHEMISTRl--SCALING AND COR~CSION. 
GEOTHE~MAL RESEARCH STUOY IN THE SALTON SEA 
REGION OF CALIFC~NIA& 

AUTHOR- HOFFMANN, H.~. !CALIFORNIA INST. OF TECH., 
PASAOENA (USAl. ENVIRONMENTAl QUALITY LABel• 

REFERENCE- BR!NE CH:::IHSTRY--SCALING AND COR~OSION. 
GEOTHERMAL RESSARCH STUDY IN THE SALTO~ SEA 
REGION OF CALIFC~NIA. EQL MEMORANDUM NO. 14, 
~ALIFORNIA INST. OF TECH., ENVIRONMENTAL 

-QUALITY LAa., PA5AOENA, CALIF. (USA), JUL 1975, 
48 P •• 

· DESCRIPTORS• BlNA~Y FLUID SYSTEMS; BRINES~ 
CARBONATES; CAThODIC DEPOLARIZATION; C~EMICAL 
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COMPOSITION; CHE~ICAL REACTIONS: BRINE 
TREATMENT; CHL oaoes: CORROSION; CORROSIGN 
RESISTANT ALLOYS; CRYSTAL SEEDING; ECONGHICS; 
EXPERIMENTAL RESULTS; MEASURING METHOQS; 
FLOCCULATING AGE~Ts; FLOW RATE; GEOCHE~ISTRY1 
GEOTHERMAL B~INE~; GEOTHERMAL FLUIDS; 
GEOTHERMAL RESERVOIRS; GEOTHERMAL WELLS; 
HYDROGEN SULFIDES; LEGAL ASPECTS1 MINERAL 
RECOVERY; OPALINE SCAL£t PH VALUE; FITTING 
CORROSION; PRECIFITATION; RESERVOIR PROFERTIES: 
SCALING; SCALING CONTROL; SC~UBBERS; SILICA 
MINERALS: SILICA CHEMISTRY; SILICA SOLUBILITY; 
STRESS CORROSION: TEMPERATURE DEPENDENCE; TOTAL 
FLOW SYSTEM; TUREINE BLADES; SALTON SEA 
GEOTHERMAL FIELD; CALIFORNIA. 

145 

liUAN(; 75 
BRINE TREATMENT/SCALING 

TITLE- THE REMOVAL OF AQUEOUS SILICA FROM DILUTE 
AQUEOUS SOLUTION. 

AUTHOR- HUANG, C.P. !DELAWARE UNIV., NEWARK (USA). 
DEPT • OF CIVIL INGINEERING] • 

REFERENCE- EARTH PLANET. SCI. LETl., V. 27, P. 
265-274(1975). 

DESCRIPTORS- AQUEOUS ~OLUTIONS; CtEMICAL REACTIONS; 
CONCENTRATION OEFENOENCE; EXFERIMENTAL ~ESULTS; 
FREE ENERGY; M~A!URING INSTRUMENTS1 ME~SURING 
METHODS; FH VALUE: PH DEPENDENCE; SILICA 
MINERALS; SILIC~ CHEMISTRY; SILICA SOLUEILIT~~ 
SILICATES; SUSF~NOED SOLIDS. 

146 

ILEI' 55 
BRINE TREATMENT/SCALING 

TITLE- THE COLLOID CHEMISTRY OF SILICA AND 
SILICATES. 

AUTHO~- ILfRt R.K. [CORNELL UNIV •• ITHACA, 

REFE~ENCE- TH?. COLLCID CHEMISTRY OF SILICA ANO 
SILICATES• CORNELL UNIVERSITY PRESS, ITHACA, 
N E W YORK , 1 9 55 • ~ 2 4 P • • 
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DESCRIPTORS• AMORPHOUS SILICA; AQUEOUS SCLUTIONS; 
CHEMICAL REACTIONS; CLAY MINERALS; 
CONCENTRATION OEfENDENCE; CRlSTOBALITE; 
ENVIRONMENTAL EfFECTS; EXPERIMENTAL RESULTS; 
METALS; PH V PLLE; PH DEPENDENCe:; 
POLYMERIZATION~ QUARTZ: SILICA MINERAL!; SILICA 
CHEMISTRY: SILICA SOLUBILITY; MODERATE 
TEMPERATURE; ELEVATED TEMPERATURE; TEMFERATURE 
DEPENDENCE; TIME DEPENDENCE; TRIOYMITE. 

147 

JACKSON 76 
BRINE TREATMENT/SCALING 

TITLE- POSSIBILITIES FOP. CONTROLLING HEAVY METAL 
SULFIDES IN SCALE FROM GEOTHERMAL BRINES. 

AUTHOR- JACKSONy o.o.;HILL9 J.H. £CALIFORNI' ~NIVe9 
LIVERMORr CUSAl. LAWRENCE LIVERMORE LAB.l. 

REFERENCF.- POSSIBILlllES FOR CCNTROLLING HEAVY METAL 
SULFIDES IN SCAlf FROH GEOTHERMAL BRINES. 
UCRL-5197 ~. CALIFORNIA UNIV., LAWRENCE 
LIVERMORE LAB., LIVERMORE, CALIFe9 JAN 197&9 14 
P •• 

DESCRIPTORS- AMCRPHC~: SILICA~ CHEMICAL COMFCSITION; 
CHEMICAL REACTIONS~ BRINE TREATMENT; 
GEOTTHERMAL BRINES~ METALS; CXIOATION; 
PRECIPITATION; F~ESSURF DEPE~DENCE; SCALING; 
SCALING CONTROL; DfSCALING; SOLUBILITY; 
SULFIDES; SURFACE EQUIPMENT; SUSPENDED SCLIOS; 
TEMPERATURE OEFE~OENCE; SALTON SEA GEOT~ERMAL 
FIF.LDa 

148 

i<ENNEOY 50 
BRI~E TREATMENT/SCAliNG 

TITLE- A PORTION CF lHE SYSTEM SILICA-HATER. 

AlTHOR- KENNEDY, G.C. [HARVARD UNIVe9 CAMB~ICGE9 
MASS. (USA>. GEGLOGICAL MUSEU~l. 

REFER~NC~- ECON. GEOL., Va 45. P. "629-&53(1950). 

DESCRIPTORS- AMCRPHCUS SILICA; AQ~EOUS SOLUTICNS; 
ELEVATED PRESSU~E: EXPERIMENTAL RESULTS; 
GEOLOGY; GEOTHERMAL FLUIDS; tiGH PRESSURE; 
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MEASURING INST~UMENTS~ MEASURING METHCCS; 
MODERATE PRESSU~E: PRESSURE DEPENDENCE; QUARTZ; 
SILICA MINERALS; SILICA C~EMlSTRY; SILIC~ 
SOLUBiliTY~ ELEVATED TfMPER~TuR(; HIGH 
TEMPERATURE; TEMFERATURE DEPE~OENCE~ TIME 
DE PEN DE NCE:e 

149 

KIT~HARA 6C 
BRINE TREATME~T/SCALING 

TITLE- THE POLYMERIZATION OF SILICIC ACIC 08TAINEC 
BY THE HYOROTHE~~AL TREATMENl OF QUARTZ ANO THE 
SOLUBILITY OF AMCRPHOUS SILICA. 

AUT~OR- KITAHARA, S. [FUKUOKA GAKUGEI UNIV., TAGAWA 
(JAPAN) l• 

REFERENCE~- REV• PHYS. CHFM. JAPAN, v. 30 (2) 9 P. 
131-137<DEC 19cu). 

DESCRIPTORS- A~ORPHCL~ SILICA; CHEMICAL REACTIONS; 
CONCENTR4TION CEFENDENCE; EXPERIMENTAL ~ESULTS; 
MEASURING ~ETHCCS; PH DEPENDENCE; 
POLYMERIZATI<Ni CUARTZ: SILICA MINERALS; LOW 
TEMPERATURE; HCCERATE TEMPERATURE; TEMPERATURE 
DEPENDENCE; TIME DEPENDENCE. 

150 

KIT A tiARA 608 
BRINE T~EATMENTISCALING 

TITLE- THf. SOLUBILITY EQUILIBRIUM AND THE RATE OF 
~ SOLUTION OF QUA~TZ IN WATER AT HIGH 

TEMPERATURES ANC HIGH PRESSU~ES. 

AUTHOR- KITAHA~A, S. £FUKUOKA GAKUGEI UNIV., TAGAWA 
CJAPANlJ. 

REFEREflCE- REV. PHYS. CHEMe JAPAN, Ve 30 (2), Pe 
122-130(0EC 196u). 

DESCRIPTORS- AQUEOUS SOLUTIONS; CHEMICAL REACTIONS; 
CONCENTRATION CEFENDENCE; ELEVATED PRESSURE; 
EXPERIMENTAL RESULTS; HIGH P~ESSURE; MEASURING 
METHODS; P~ESSUR£ DEPENDENCE; QUARTZ; SILICA 
SOLUBILITY; SODIUM CHLORIDES; HIGH TEMFERATURE; 
TEMPERATURE OEFE~DENCf; TIME DEPENDENCE. 
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KITAt:ARA 6DC 
BRI~E T~EATMENT/SCALING 

TITLE- THE SOLUBILITY OF QUARTZ IN THE ACUEOliS 
SODIUM CHLORIDE ~OLUTION AT HIGH TEMPERATURES 
AND HIGH FRESSU~ES. 

AUTHOR- KITAHA~A, S. {FUKUOKA GAKUGEI UNIV., TA(AWA 
CJAPANll. 

REFERENCE- REV. PHYS. CHEM. JAPANt V. 30 (2), P. 
11S-121COF.C l96G). 

DESCRIPTORS- AQUECU~ 50LUTIONS! CCNCENTRATIGN 
OEPENO~NCE! OATA; EXPERIMENTAL ~ESULTS; 
PRESSURE DEPE~GE~CE: MODERATE PRESSURE~ 
ELEVATED P~ESSURE; QUARTZ; C~EMICAL REACTION 
KINETICS: SOLUBiliTY; TEMPERATURE OfFE~CENCE; 
ELEVATED TEMPERATURE! HIGH TEMPERATURE; SODIUM 
CHLORIDES. 

152 

KRAUSKOPF 5E 
BRINE TREATMENT/SCALING 

TITLE- DISSOLUTION AN{ PRECIPITATION CF SILICA AT 
LOW TEMP~RAiURf.S. 

AUTHO~- KRAUSKOFF, ~.e. [STANFORD UNIV., CALif. 
<USA) 1. 

REFERENCE- GEOCHIM. COSMOCHIM. ACT~, v. 10, Fe 
1-26(1956). 

DESCRIPTORS- AHCRPHGU~ SILICA; CALCITE; CLAY 
MINERALS! COLLOIOAL SILICA; FH OEPENO~NCE; 
POLYMERIZATION; FRECIPITATION; SEAWATER~ SILICA 
SOLUBILITY; TEMPERATURE OEPE~OENCE; LOW 
TEMPERATURE; HOCERATE TEMPERATURE; TIME 
GEFENOENCE. 

B-80 



0 {)) 1l:' 
i~ 

NJ ~~ 8 0 ' . 
fl.) •" p : 

' 

153 

§ ~ 2 

FLORKE 76 
BRINE TREATMENT/SCAliNG 

TITLE- HYDROTHERMAL TFANSPORT ANC DEPOSITION CF 
SILICA. 

AUTHOR- FlORKf, o.w. CRUHR-UNIVERSITAT BOCHUH, 
<GERMANYii INSTITUT FUR MINE~ALCGIEl• 

REFER~NCE- CONFERENCE ON SCALE MA~AGEMENT IN 
GEOTHERMAl ENERG ~ OEVfLOPt4ENT. Ue S. EROA, 
DIV. OF GEOTHE~MAL EN~RGY, WASHI~GTON, t.c., 
1976, Pe 1-8. 

DESCRIPTORS- CHP-MICAL REACTIONS; CRYSTALLIZATION; 
MEASURING METHOtS; HYOROTHERrAL SYSTE~S: 
PRECIPITATION; SlLICA MINERAlS; TEMPER~TURE 
DEPENDENCE; ELEVATED TEMPERATURE; HIGH 
TEMPERATU~E; CHRISTOBALITE; TRIOYMITE; QUARTZ; 
CHALCE[IONY. 

154 

DOWNS 76 
BRI~E TREATME~TISCALING 

TITLE~ KINETICS OF SILICA SCALING. 

AUTHO~- DOWNS, W.F.;~IMSTIDT, J.O~;BARNfSt Hale 
[PENNSYLVANIA STATE UNIV., UNIVERSITY FARK 
(USAl. D~PT. OF GEOSCIENCESle 

REFERENCE- CONFERENCE ON SCALE MA~AGEMENT IN 
GEOTHERMAL ENERG~ DEVELOPMENT. U. S. E~OA, 
OIV. OF GEOTHERMAl ENERGY, WASHI~GTON, D.C., 
1976, Pe C!-1de 

DESCRIPTORS- MEASURlNG METHODS; P~ECIPITATION; 
ROCK-FLUID INT~~ACTIONS~ SCALING; SILIC~ 
MINERALS: TEHPE~ATURE DEPENDENCE; HYO~CTHERMAl 
SYSTEMS; CHEMICAl REACTION KlNETICS; SCCIUH 
CHLORIDES; QUARTZ. 

155 
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FCURNIE~ 76 
BRI~E TREATMENT/SCAliNG 



TITLE- THE SOLU8ILITY OF AMORPHOUS SILICA AT ~IGH 
TEMPERATURES ANC HIGH PRESSU~ES. 

AUTHOR- FOURNIE~, R.O. £GEOLOGICAL SU~VEY, ~E~LO 
PARK, CALIF. (USA)le 

~EFERENCE- CONFERE~CE ON SCALE HAN~GEHENT IN 
GEOTHERMAL F.NERGY DEVELOPMENT. u. S. ERDA, 
DIVe OF GEOTHER~AL ENERGY, WASHINGTON, DeCet 
1976' p. 19-24. 

DESCRIPTORS• AHORPHCUS SILICA~ MEASURING METHODS; 
PRESSURE DEPENDENCE: HIGH PRES~URE; SILICA 
SOLU8ILI!Y1 TE~FERATURE DEPE~QENCE; HOCERATE 
TEMPERATURE; ELE\ATEO TEMPERATURE. 

156 

HARVEY 76 
BRINE TREATHE~TISCAllNG 

TITLE- KINETICS OF SILICA CONDENSATION IN e~INES. 

AUTHOR- HARVEY, w.w.;MAKRIOES, A.C.;SLAUGHTER, 
J.;TURNER~ M.J. £EIC CORPORATION, NEWTC~, HASSe 
(USA) l • 

REFERENCE- CONFERENCE ON SCALE HA~AGEHENT IN 
GEOTHERMAL £NE~G~ DEVELOPMENT. u. S. EROA, 
OIV. OF GEOTHERMAL ENERGY, WASHINGTON, D.C., 
1976, Pe 25-36. 

DESCRIPTORS• BRINES1 MEASURING METhODS; GEOT~ERHAL 
FLUIDS; NUCLEATION; PRECIPITATION: SILICA 
MINERALS; CHEMICAL R~ACTION KINETICS; PH 
DEPENDENCE; CONCENTRATION DEPENDENCE; 
TEMPERATURE DEPf~OENCE; SILICIC ACIO. 

157 

MESMER 76 
BRINE TREATMENT/SCAliNG 

TITLE- STUDIES ON THE IONIZATION EQUILI8RIA CF 
SILICIC ACID ANC POLYSILICATE EQUILIB~I~ IN 
HIGH TEMPfRATU~E BRINES. 

AUTHOR- MFSMER, R.E.;EUSEY, ~.H. £OAK RIDGE NATIONAL 
LAB., TENN. <USA}]., 
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REFERf.NCE- CONFERE~Cc ON SCAL£ MA~AGEMENT IN 
GEOTHERMAL ENE~G' DEVELOPMENT. u. S. ERDA, 
DIVe OF GEOTHE~MAL ENERGY, WASHINGTON, c.c., 
1976, P. 37-50. 

DESCRIPTORS- 9R!NES~ MEASURING MET~ODS; SILICA 
MINERALS: SILICATES: TEMPFRATURE DEPENCENCE; 
MODERATE _TEMPER~ lUP.E; ELEVATED TEMPERATURE; 
SILICIC ACIOS1 CHEMICAL EQUILI8RIUM; 
HYDROTHERMAL SYSTEMS; SODIUM CHLORIDES. 

158 

f'ICHELS 76 
BRINE TREATMENT/SCALING 

TITLE- MOLECULAR MECHANISMS OF SCALE CEFOSITIONe 

AUTHOR- MICHELS, O.f.~KEISER, D.o. CIOAHC NATIONAL 
ENGINEERING LAB., IDAHO FALLS (USAlle 

REFERENCE- CONFERENCE ON SCALE MANAGEMENT IN 
G~OTHERMAL ENE~G' DEVELOPMENT. u. Se ERDA, 
OIV. OF GEOTHE~MAL ENERGY, WASHINGTON, o.c., 

. 1976, P. !:1-58. · 

DESCRIPTORS- CRYSTALLIZATION: NUCLEATION; 
PRECIPITATION; SCALING; SURFACE PROPE~TIE.S; 
FOULING; GEOLOGIC STRUCTURES; MOLECULA~ 

STRUCTURE• 

159 

t1E~CAOO 76 
BRI~E TREATMENT/SCALING 

TITLE- PROBLEMS OF SiliCA SCALING AT CE~RO F~IETO 
GEOTHERMAL POWER STATION. 

AUTHOR- MERCADO, s.;GliZA, J. £COMISION FEOf~AL DE 
ELECTRICIDAO, tE>ICO CITY (MEXICO))• 

REFERENCE- CONFERENCE ON SCALE MA~AGfMENT I~ 
GEOTHERMAL ENE~G' DEVELOPMENT. u. s. E~OA, 
DIVe OF GEOTriE~MAL ENERGY, WASHINGTON, D.c., 
1976, P. 99•88. 

DESCRIPTORS- GEOTHE~HAL FLUIDS; SCALING~ SILICA 
MINERALS: TURBINE BLADES; CE~~O PRIETO 
GEOTHERAL FIELO; FOULING. 
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HUTCr:INSON 76 
BRI~E TREATHf.~l/SCALING 

TilL~- PROGRESS R£PORl--PROCESSING OF HYPERS~LINE 
BRINE". 

AUTHOR- HUTCHINSON, A.J.L. £THE BEN HOLT COet 
P AS AD EN A , C A L I F • (US A ) l • 

REFERFNCE- CONFERENCE ON SCALE MANAGEMENT IN 
GEOTHERMAL £NE~G' DFVELOPMENT. u. S. EROA, 
OIV. OF GEOTHER~AL ENERGY, WASHINGTON, D.c., 
1976, P. 89-90. 

OESCRI PTORS- . GEOTH£ IO!'IAL BRINES~ HEAT EXCHANGERS~ 
HEAT TRANSFER; STEAM SCRUBBE~S~ WELL DATA~ 
IMPEFIAL VALLEY; NILAND; FOULING; FLASHING. 

1&1 

HC ~AY 76 
BRI~E TREATMENT/SCALING 

TITLE- EXPERIENCE, FLAMS, ANO A HIXEO FLCW EXPANDER. 

AUTHOR- MCKAY, R.A. [JET PROPULSION LAB., PASADENA, 
CALIF. <USA)l. 

SPRANKLE, R.S. [HYDROTHERMAL POWER CO., 
LTD., MISSION ~IEJO, CALIF. tUSAJle 

REFERENCE- CONFERENCE ON SCALE MAUGEMENT IN 
GEOTHERMAL ENE~G~ DEVELOPMENT. u. S. E~OA,. 
DIV. OF GEOTHE~MAL ENERGY, WASHI~GTON, o.c., 
1976, P. ~1-1ti '• 

DESCRIPTORS- CORROSlCN PROTECTION~ OISSOLVEO SOLIDS; 
EROSION~ GEOTHERMAL FLUIDS; FRECIPITATICN; 
SCALING; SCALI~G CONTROL; FLOW EXPAND£~; 
TURBINES; MEXICO; FLUID FLOW; GEOTHER~AL POWER 
PLANTS; PILOT FLANTS. 

162 
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SAlAGNA 76 
BRI~E TREATMENT/SCALING 



TITLE- GEOCHEMICAL CO~SIOERATIONS FOR HOT, CRY ROCK 
SYSTEMS • 

AUTHOR- BALAC~NA, J.~SLATZ, L.~CHARLES, R.;FEEER, 
R.;HERRICK, c.~l-iOLLEY, C.;TE::TER, J.;VIC~LE, R. 
£LOS ALAMOS SCIENTIFIC LAB., N. HEX. (liSAl le 

REFERENCE- CONFERENCE ON SCA~E MA~AGEHENT IN 
GEOTHERMAL ENERG~ DEVELOPMENT. u. S. ERCA, 
OIV. Of' GIOTHE~HAL ENERGY, WASHI~GTCN, o.c., 
1976, Pe 103•114. 

DESCRIPTORS- A~DITIVE~; GEOCHEMISTRY; GEOTHERMAL 
FLUIDS~ HEAT EXCHANGERS~ HEAT TRANSFER; 
PERMEABILITY; P~£CIPITATICN; "OCK-FLUIO 
INTERACTIONS; SCALING; SILICA MINERALS; SILICA 
SOLUBILITY; ELEVATED TEMPERATURE; HOT-ORY•ROCK 
SYSTEMS; LASL; GEOTHERMAL SYSTEMS; EXPERIMENTAL 
MODELS; CHEHlCAL EQUILIBRIUM; FLOW MODELS. 
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COLLINS 76 
BRINE TREAT,MENT /SCALING 

TITLE- PRIMARY VARIAELES WHICH CAUSE SOME CCM~ON 
SCALES IW-SA liNt WATER SYSTEMS. 

AUTHOR- COLLINS, A.G. [BARTLESVILLE ENERGY RESEARCH 
CENTER, OKLA • (l ~A) l • 

REFERENCE• CONFERENCE ON SCALE MA~AGEMENT IN 
GEOTHERMAL ENERG' DEVELOPMENT. Ue S. ERDA, 
DIV. OF GEOTHERMAL ENERGY, WASHINGTON, D.C., 
1976, P. 115-12€. 

DESCRIPTORS• 3RINES; CARBONATES; CLAY MINERAlS; 
CORROSION; DISSCLVEO SOLIDS; GEOTHERMAL FLUIOS; 
HYDROXIDES; OILFIELD BRINES~ SCALING; SILICA 
MINERALS; TE~PERATURE DEPENDENCE; BARI~M 
SULFATES; PRES~~FE DEPENDENCE; PH DEPENCtNCE; 
CALCITE; CALCIUM SULFATES; QUARTZ; ANHYO~ITE; 
OISOLVED GASES; CARBON DIOXICE PARTIAL PRESSURE. 

\ 
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NEEDHAM 76 
BRI~E TREATMENT/SCAliNG 

TITLE- SCALING IN BCTH HIGH-AND LCW•SALINITY BRINES. 
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AUTHOR- NEEDHAM, P.B., JR.;HURPHY, A.P.;MC CA~LEY, 
F.v. (BUREAU OF HINES, COLLEGE PARK, MC. CUSA)J. 

REFERENCE- CONFERENCE ON SCALE MA~A~EHENT IN 
GEOTHERMAL ENERG~ DEVELOPMENT. u. S. E~DA, 
DIV. OF GEOTHERMAL ENERGY, WASHINGTON, o.c., 
1976, P. 127-1~4. 

DESCRIPTORS- CHtMICAl ANALYSIS; CCRROSION; CORROSION 
RESISTANT ALLOYS: GEOTHERMAL eRINES~ MINERAL 
RECOVERY: SCALE COMPOSITION; SCALING; WELL 
R~~itct~~l~Tsiaot!~~Efi~~ ~t~•E~tRi~LTc~ seA 

165 

AFPS 76 
BRINE TREATMENT/SCALING 

TITLE- THE KINETICS CF QUARTZ DISSOLUTION A~O 
PRECIPIT~T!O~. 

AUTHOR- APPS, J.A. £CALIFORNIA UNIV., BERKELEY 
(USA>. LAWRENCE BERKELEY LABel• 

REFERENCE- CONFERENCE- ON SCALE MANAGEMENT IN . 
GEOTHERMAL ENERG' DEVELOPMEN1. u. S. ERDA, 
DIV. OF GEOTHERMAL ENERGY, WASHI~GTON, o.c., 
1976, P. 145-1~2. 

DESCRIPTORS- CHEMICAL REACTIONS1 GEOTHERMAL FIELDS; 
PRECIPITATION; SILICA MINERAlS; TEMPERATURE 
DEPENDENCE; MODERATE TEMPERATURE; EttVATED 
TEMPtRATURE; HJGH TEHPERATUR£; REVIEWS; CATA; 
QUARTZ; GEOTHEFMAL RESERVOIRS; SOLUBILITY~ 
GEOTHERMAL POWE~ PLANTS; CHEMICAL REACTION 
KINETICS. 

166 

K~STNER 76 
BRINE TREATMENT/SCALING 

TITLE- CHEMICAL CONTROLS ON THE OP~L-A TO OF~L-CT 
TRANSFORMATION. 

AUTHOR- KASTN~R, M.;KEENE, J.B. {SCRIPPS INST~ OF 
OCEANOGRAPHY, LA JOLLA, CALIF. (USA)). 
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REF~RENCE• CONFERCNCE ON SCALE HA~~GEMENT IN 
GEOTHERMAL 'ENEI'GV DEVELOPMENT. u. S. ER(jA, 
OIV. OF Gf:OTHE"MAL ENERGY, WASHI~GTCN, O.C., 
1976, P. 153•16Je 

DESCRIPTORS• CARBONATES~ CHEMICAL ANALYSIS; 
MINERALOGY1 PRECIPITATION; SILICA ~INfRALS1 
SILICA CHEMISTFY; TEMPERATURE OEPENOENC£; 
PRES SURF.: OEPENGE NCE; OPAU CI"ALCEOONv; QUART n 
DIAGENESIS. 

167 

GRENS 76 
BRINE TREATMENT/SCALING 

TITLE- INHIBITING DEPOSITION OF SILICEOUS SCALE. 

AUTHOR• GRENS, J.z.;GWEN. L.B. ICALIFORNIA UNIV~, 

LIVERMORE (USA). LAWRENCE LIVERMORE LABel• 

REFERENCE• CONFERENCE ON SCALE MANAGEMENT IN 
GEOTHERMAL ENERG' DEVELOPMENT. u. S. ERDA, 
OIV. OF GEOTHERMAL ENER~Y, WASHINGTON, o.c., 
1976, p. 161-168. 

DESCRIPTORS· ACIOIZAliON; ADDITIVES~ EXPERIMENTAL 
RESULTS; GEOTHERMAL BRINES; PH VALUE; . 
SCALINGCONTRCL; SILICA MINERALS; TOTAL FLOW 
SYSTEM; TURBINE BLADES; FOULI~G; SALTON SEA 
KGRA; GEOTHF.RHAL POWER PLANTS; PH OEFEt<tENCE~ 
OATA1 FI~LC STUDIES; NOZZLES; PH ADJUSTMENT. 

168 

VETTER 76 
BRINE TREATMENT/SCALING 

tiTLE• WHAT WE DO NOT KNOW ABOUT ~CALING. 

AUTHOR· VETTER~ o. (UNION OIL ~ESEARCH CENTER, BREA, 
CALIF. <U$A) I• 

REFERENCE• CONFERENCE ON SCALE MANAGEMENT IN 
GEOTHERMAl ENERG~ DEVELOPMENT. u. s. ERDA, 
DIV. OF GEOTHERMAL ENERGY, WASHINGTON, o.c., 
1976, P. 169•17Ge 

DESCRPPTORS- ECONOMICS; GEOTHERMAL FLUIDS; SCALING; 
SCALING CONTROL; FIELD STUDIES; DATA. 
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8G~LMANN 76 
BRI~E TREATMENT/SCALING 

TITLE- SILICA PRECIPITATION AND SCALING IN CYNAMIC 
GEOTHERMAL SYSlE~S. 

AUTHOR- BOHLMANN, E.G.;SHOR, A.J.~EERL!NSKI, P. (OAK 
RIDGE NATtONAL LAB., TENN. <USA)J. 

REFERENCE- CONFERENCE ON SCALE MAN~GfMENT IN 
GEOTHERMAL ENERG' DEVELOPMENT. Ue S. E~DA, 
OIV. OF GEOTHERMAL ENERGY, WASHitGTON, c.c., 
1976, P. 171·18E. 

DESCRIPTORS- CORROSION; MEASURING HETHOOS; FLCH 
RATE~ GEOTHERMAL FLUIDS; HEAT EXCHANGE~5; 
PRECIPITATION; SCALING~ SILICA MINERALS; 
GEOTHERM~L SYSTE~S~ TEST FACILITIES; 
TEMPERATURE OEPE~DENCE; SODIUM CHLORIDES; 
DYNAMIC SYSTEM~. 

170 

ALLEN 76 
BRI~E TREATHE~T/SCAliNG 

TITLE- THE DEVELOPMENl OF LIQUID-flUIDIZED EEC HEAT 
EXCHANGERS FOR CONTROLLING-T~E DEPOSITION-OF 
SCALE IN GEOTHEK~AL APPLICATIONS. 

AUTHO~- ALLEN, C.A.;G~IMMETT, E.S.;MC ATEE, R.E. 
!IDAhO NATlOhAl ENGINEERING LAB., IDAHO FALLS 
(USAl 1. 

REFERENCE- CONFERENCE ON SCALE ~A~AGEMENT IN 
GEOTHERMAL ENE"G' DEVELOPMENT. Ue Se EROAt 
OIV. OF GEOTHERMAL ENERGY, WASHINGTON, o.c., 
1976. p. 187-1 s 8. 

DESCRIPTORS- ECONOMICS~ EXPERIMENTAL RESULTS; HEAT 
TRANSFER: HEAT TRANSFER COEFFICIENT; SCALING; 
SCALING CO~TROL; GEOTHERMAL SYSTEMS; FLUIDIZED 
BED HEAT EXC~A~GER; RAFT RIVER KGRA; EAST HESA 
KGRA; TEST FACILITIES. 
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WAGNER 76 
BRINE TREATHE~T/SCALlNG 

TITLE• A PRE LI HINA.R '1 STUDY OF AMORPHOUS SILICA 
DEPOSITION IN A eENCH•SCALE LIQUID FLUIDIZED 
BED HEAT EXCHANGER. 

AUTHO~- WAGNER, K.L •. !ALLIED CHEMICAL CORPOIUTICN, 
IDAHO FALLS, IOA .. O (USA)Je 

ALLEN, C.A. !IDAHO NATIONAL ENGIN£ERING 
LAB., IDAHO FAlLS, (USAlle 

REFERENCE- CONFERENC~ ON SCALE MA~~GEM~NT IN 
GEOTHERMAL ENERG'f DEVELOPMENT. Ue Se ERDA, 
OIV. OF GEOTHERMAL ENERGY, WASHINGTON, o.c., 
197&, P. 199-20€. 

DESCRIPTORS- ECONOMICS: MEASURING METHODS; 
GEOTHERMAL BRI~E~: HEAT TRANSFER~ SCALING 
CONT~OL; SILICA .~INERALS: AMC~PHOUS SILICA; 
FOULING; FLUIDIZED BEO HEAT EXCHANGE~1 PILOT 
PLANTS; G~OTrii~KAL POWER PLA~lS; CALCITE. 
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triiLSON 76 
BRI~f TREATMENT/SCALING 

TITLE- SCALE FORMATION AND SUPPRESSION IN HE~l 
EXCHANGE SYSTEMS FOR SIMULATED GEOTHER~~L 
BRINf s. 

AUTHOR· WILSONii J.S. {DOW CHEMICA-L CO., fREEPCRT, 
TEX. <uSA)]. 

REFERENCE- CONFERENCE ON SCALE HA~AGfMENT IN 
GEOTHERMAL ENCRG'f DEVELOPMENT. u.s. E~CA, 
OIV. OF GEOTHERMAL ENERGY, kAShi~GTCN, C.c., 
1976, P. 207-214. 

DESCRIPTORS• GEOTHERMAL BRINES; HEAT EXCHANGE~S; 
SCALING. 
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JACKSON 768 
BRINE TREATMENT/SCALING 



TITLE- COMPUTATIONAL METHODS FOR ESTIMATING 
PRECIPITATION F~CH GEOTHERMAL BRINES. 

AUTHOR- JACKSON, D.;PIWINSKII, A.J.;MILLE~, e.G. 
[CALIFORNIA UNiv., LIVERMORE (USA)~ LAW~ENCE 
LIVERMORE LA Be 1 • 

REFERENCE- CONFER~NC~ ON SCALE M~~~GEHENT IN 
GEOTHERMAL ENERGY DEVELOPMENT. u. s. ERDA, 
DIV. OF GEOTHERMAL ENERGY, WASHI~GTCN, o.c., 
1976, P, 227-246. 

DESCRIPTORS- CHLORIOI!; GEOTHERMAL BRINES; 
PRECIPITATION; ELEVATED TEMPERATURE; 
THEORCTICAL TREAlMENTS~ SALTON SEA GEOTHERMAL 
FIELD. 
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St'ANNON 76 
BRI~E TREATMENT/SCALING 

BRINE TREATHENT/COR~OSION 

TITLE- THl GEOSCALE COMPUTER MCOEL FOR GEOT~E~MAL 
PLANT SCALING AN[ CORROSION ANALYSES. 

AUTHOR- SHANNON, C.W.;WALTE~, R.A.;LESSOR, O.L. 
£BATTELLE PACIFIC NORTHWEST LAB., RICHLAND, 
WASH, (USA) l • 

REFERENCE- CONFERENCE ON SCALE MANtGEMENT IN 
GEOTHERMAL ENERG' DEVELOPMENT. U. S. E~OA, 
DIVe OF GEOTHE~~AL ENeRGY, WASHI~GTCN, o.c., 
1976, P. 215-2,E. 

DESCRIPTORS- CHEMICAl COMPOSITION; COMPUTER 
CALCULATIONS; CO~ROSION: GEOTHERMAL BRINES: 
GEOTHERMAL POWER PLANTS; MATHEMATICAL KCOELS; 
SCALING • 
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THlJ\UVENGADAf'! 76 
BRI~E TREATMENT/SCALING 

TITLE- CAVITATION OSSCALING TECHNIQUES FCR 
GEOTHERMAL APPLICATIONS. 

AUTHOR- THIRUVEhGAOAK, A.P. [DAECALEAN ASSOCIATES, 
INC., WOOCBINE, MD. (USAlle 
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REFERENCE- CONFF.RENCE ON SCALE MA~~GEMENT IN 
GEOTHERMAL ENERG\ DEVCLOPMENT. u. S. EROA, 
DIV. OF GEOTHERMAL ENERGY, WASHINGTON, C.c., 
1976, P. 247-2~E. 

DESCRIPTORS- EROSION; EXPERIMfNTAL RESULTS; 
MEASU~ING ~ETHCDS~ FEASIBILITY STUDIES; 
GEOTHERMAL ENE~G'; DESCALING; SCALING; SILICA 
MINERALS. 
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REESER 76 
BRI~E TREATMENT/SCALING 

TITLE- RESEARCH, DEVELOPMENT, AND ~NGINEERING NEECS 
FOR SCALE MANAG~tENT OF BRIN~S IN GEOTHERMAL 
APP LICA TI ONSe 

AUTHOR- REEaER. R.R. CE~ERGY RESEARCH AND 
DEVELOPMENT AOMI~ISTRATION, ~ASHINGTON, c.c. 
(USA)• G~OTHERMAL DIVISION, TECHNOLOGY 
UTILIZATION BRANCH]. 

REFERENCE- CONFER~NCE ON SCALE MA~~GfMENT IN 
GEOTHERMAL £NE~G~ OEVELOPME~T. Ue Se EROA, 
DIVe OF GEOTHERMAL ENERGY, WASHI~GTON, c.c., 
1976, P. 257-262. 

DESCRIPTORS- GEOTHERMAL BRINfS: SCALING; SCALING 
CONTROL; US ERDA. 
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SMITH 76 
BRINE TREATMENT/SCALING 

TITLE- TASK OF OEVilCPING CAVITATION OESCALING 
TECHNIQUES AND ~~ROWARE FOR SCALED-UP AND 
STOPPED-UP Gf01rERMAL HEAT EXCHANGER TUSING AND 
PIPES•••••• 

AUTHOR• SMITH, R.A. lEO.) 

REFERENCE• GEOTHERMAl REPORT, v. 5 l21t, Pe 3-~(NOV 
1' 1976,. 

DESCRIPTORS- CAVITATllN EROSION; GEOTHERMAL ERI~ES1 
GEOTH~RMAL ENEFGY; HEAT EXCHANGERS; OESCALING; 
SCALING; SCALING CONTROL: SILICA MINERALS; 
NILAND. 
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WANG 74 
aRIN~ TREATME~T/SFENT FLUIC CISPOSAL 

SR!Nc TREATME~TISCALING 

TITLE- TOTAL WASTE ~ECYCLE SYSTEM FOR WATER 
PURIFICATION PLANTS USING ALUM AS PRI~~~y 
COAGULANT • 

AUTHOR- WANG, L.K. [R£NSSELAER POLYTECHNIC I~ST., 
TROY, N.Y. (USA). BIO-ENVIRONME~TAL ENGINEERING 
or v. 1. 

YANG, J.Y. {CALSPAN CORP., BUFFALO, N.Y. 
<USAl. E~VIRON~ENTAL SYSTEMS CEPT.J. 

REFERENCE- £NGIN£ERI~G BULLETIN OF PURDUE 
UNIVfRSITY, PRCCEEDINGS OF THE 29TH INDUSTRIAL 
WAST[ CONFERENCE, MAY 7,8 AN[ 9, 1974, PA~T 
TWO. PURDUE UNIV., LAFAYETTE, IND., 1974, P. 
725-739. 

DESCRIPTORS- CHEMICAL COMPOSiTION; CHEMICAL 
REACTIONS; EXPeRIMENTAL RESULTS; ME~SU~I~G 
HETHOOSt FLOCCULATION; FLOCCULATING AGENTS; 
MINERAL.RECOVERY~ PH AOJUSTME~T: SECIHENTATICN; 
WASTE DISPOSAL; ~ASTE WATER. 
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~XTHANN 76 
SRINE TREATMENTICORfiOSION 

BRI~E TREATMENT/SCALING 

TITLE- GEOTHERMAL CHEMICAL ENGINEE~ING. 

AUTHOR~ AXTMAN~, R.C.:PECK, L.B. £PRINCETON UNIV., 
N.J. WSA). Di::FT. OF CHEMICAL ENGINEEf'INGJ. 

REFERENCE- AICHf J., v. 22 (5), P. 817-828(SEF 
19761• 

DESCRIPTORS- 8INARY FLUID SYSTEMS~ CHEMICAL 
COMPOS! TION; COI'ROSION; fCONCMICS; 
ENVIRONMENTAL EfFECTS; FLUID MECHANICS~ 
GEOTHERMAL BRI~E~; GEOTHfRHAl ENERGY; 
GEOTHERMAL FlUlC5; GEOTHERMAL POWER FLANTS; 
GEOT~ERHAL RESERvOIRS; HEAT EXCHANGERS; 
INJECTION WELLS; RESERVOIR ENGINEERING; 
SCALING; TOTAL FLOW SYSTEM. 
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MC KAY 74 
BRINE TRE~TME~TISCALING 

BRINE TR£ATMENT/COR~OSION 

TITL~- HELICAL ROTARY SCREW EXPANCER POWER SYSTEM. 

AUTHOR- HC KAY• R.A. (JET PROPULSION LAB., PASADENA, 
CALIF. WSAll. 

SPRANKLE, R.S. (HYDROTHERMAL POWER CO., 
L TO •, PASADENA~ CALIF • (USA) l • 

REFERENCE- PROCEEOI~GS--CONFERENCE ON RESEARCH FOR 
THE DEVELOPMENT OF GEOTHERMAl ENERGY RESOURCES. 

JET PROPULSION LAB., CALIF. INST. OF TECH., 
PASADENA, CALIF., 1974, Pe 3~1-309. 

DESCRIPTORS- .GGR~CSICN~ EROSION1 EXPERIMENTAL 
RESULTS1 FEASIBILITY STUDIES: GEOTHERMAL 
BRINES: GEOTHERMAL ENERGY: GECTHER~AL FOWER 
PLANTS; PRECIPITATION: SCALI~G; TOTAL fLOW 
SYSTf: H. 
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MATTHEWS 74 
BRI~E TREATMENT/SCALING 

TITLE- GEOTHERMAL OCh~-WELL PUMPING SYSTE~. 

AUTHOR- HATTH~WS, H.B.;Mc BEE, w.b. {SPERRY ~AND 
RESEARCH CENTER, SUDBURY, MASS. (USA)le 

REFERENCE- PRO CI:'E CI fiG S--CONFERE.NCE ON RESE ARCJ. FOf< 
THE DEVELOPMENT CF GEOTHERMAL ENERGY RESCURCES. 

JfT PROPULSIO~ LAB., CALIF. INST. OF TECH., 
PASADENA, CALIF., 197~, P. 281•291. 

DESCRIPTORS- CARBONATES~ MEASURING MET~OOS; 
FEASIBILITY STUCIES: FIFLD STUDIES: FLASHING; 
FLOW RATC~ G~OTHERMA~ POWER FLANTS: GEOTHERMAL 
WELLS; HfAT EXChANGERS; HEAT T~ANSFf~: 
?RECIPITATION; SlLICA MINeRALS; SURFACE 
EQUIPMENT1 WELL CASINGS; WELL DESIGN; WELL 
OPERATION. 
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'USTIN 74 
BRI~E TREATMENT/SCALING 

TITLE- THE TOTAL FLCW CONCfPT FOR GEOTH~RMAL ENERGY 
CONVCRSION. 

AUTHOR- 'AUSTIN, A.L. {CALIFORNIA UNIV., LIVE~MORE 
(USAl. LAWRENCE LIVERMORE LABeJe 

REFERENCE- PROCEEOI~G~--CONFERENCE ON RESEARCH FOR 
THF DEVELOPMFNT CF GEOTHERMAl ENERGY RESOURCES. 

JfT PROPULSIO~ LAB., CALIF. INST. OF TECH., 
PASADENA, CALIF., 1974, Pe 1e6•193. 

DESCRIPTORS- B~INESl CORROSION; DISSOLVED SCLIOS; 
EROSION~ EXPERIME~TAL RESULTS; F!ELO STUDIES; 
FLASHING~ GfOT~E~MAl BRINfS; MEASURING 
INSTRUMENTS; HEA~URING METHOCS; MODERATE 
PRESSURE; PRECIFITATION; SCALING CONTROL; 
ELEVATED TfMFE~~TURE: THERMOCYNAHICS; TOTAL 
FLOW SYSTEM; TUREINE BLADES; SALTON SEA. 
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HOLT 74 
BRI~E TfiEATME~T/SCALING 

TITLE· INVESTMENT ANC OPERATING CCSTS OF BINARY 
CYCLE GEOTHERMAL POWER PLANTS. 

AUTHOR- HOLT, 3.;3RUGMAN, J. CTHE BEN HOLT COet 
PASADENA, CALIF. (USAl]e 

REFERENCE• PROCFECINGS-·CONFERfNCL ON RESEARC~ FO~ 
THF DEVELOPMENT CF GEOTHERMAL ENERGY RESOURCES. 

JET PKO?ULSICN LAB., CALIF. INST. OF TECH., 
PASAOfNA, CALIF., 1974, P. 2~2-3GO. 

DESCRIPTORS- 3INARY FLUID SYS~EHS~ ECONOMICS; 
FlASHING; GEOTH€RMAL POWER ?LANTS; HeAT 
~XCHANGERS: MOOE~ATE PRESSURE; SCALING; SCALING 
CONTROL~ SCRUBBERS; SUSPENDED SCLIOS; ELEVATED 
TEMPERATURE; NIL,NO; HEBER KGRA; MONO•LCNG 
VALLlY KGRA. 
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St;E MOTO 74 
BRINE TREATMr:Nl/SCALING 

BRI~E TREATME~T/~FENT FLUID DISPOSAl 

TITLE- PRELIMINARY RESULTS OF GEOT~ERMAL DESALTING 
OPERATIONS AT 1HE EAST MESA TEST SITE, I~PERIAl 

V'LLEY, CALIFO~NlAe 
., 

AUTHOR- SUEHOTO, S.H. (BUREAU OF ~ECLAMATICN, 

H 0 L T V I L LE , CAL I F • ( US A ) 1 • 

MATHilS, K.~. £BUREAU OF RECLAMATIO~, 

BOULGEt\ CITY, t-..i:v. (USA)lo 

REFERENCE- PROCEEDINGS--CONFERENCE ON RESEA~C~ FO~ 
THE DEVELOPMENT CF GEOTH~RMAL fNERGY RESCURCES. 

JET PROPULSION LAB., CALIF. lNST. OF TfCH., 
PASADENA, CALIF., 1974, ~. 225•235 • 

• I-

DESCRIPTORS• CCRRCSIGN: DESALINATION~ DISSOLVED 
SOLIDS~ FtASIBILITY STUDIES; FLASHING! FLOW 
RATE~ GEOTH£RMAL BRINES; GEOTHERMAL WELLS; HEAT 
TRANSFER CCEFFICIENT; PH VALLE; SODIUM 
CHLORIDES; ELEVATED TEMPERATURE: WATER 
CHEMISTRY~ fAST MESA KGRAo 
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80EGL Y 69 
9~lNE TREATME~T-~FENT FLUIO CISPOSAl 

TITLE- TH~ FEASlBILITY OF OEfP•WELL INJECTION OF 
WASTE BRINE FRCM !NLANO DESALTING PLANTS. 

AUTHOR- BOEGLVt w.J., JR.;JACOBS, C.G.;LCHENICK, 
T.F.:SEALANO, o.M. [OAK RIDGE NATIONAL LAB., 
TENN •. (USA) l • 

REFER€NCE• TH~ FEASIBILITY OF OEEF•WELL INJECTICN OF 
WASTE BRINE FROM INLAND DESALTING PLANTS. 
RCSEARCH AND DEVELOPHfNT PROGRESS REPORT NO. 
432 9 OFFICE OF SALINE WATERt WASHINGTON, D.C., 
MAR 19&9, 76 P •• 

DESCRIPTORS- FEASIBILITY STUDIES; DEEP WELLS; 
INJECTION WELLS; BRINES; DESALTING PLANTS; 
GEOLOGY; PRF-INJECTION TREAT~ENT; ECONCHICS. 
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LEGROS 68 
BRl~E TREATMENT/~PENT FLUIC OISPCSAL 

TITLf- A STUDY OF THE DISPOSAL OF THE EFFLUENT FRCM 
A LAPGE OESALI~Al!ON PLANT. 

AUTHOR- LfGROSt P,G,;~ANOELLI, E.F,;MCILHSNNY, 
W.F.;WINTHROOE, .O.E.;ZEITOUN, M.A. [OOW 
CHEMICAL CC., I"IiJLANO, MICH. <USA) l • 

P~~QUEGNAT, ~.E •; BLANTON, l'l,G ,; 8RIG!-i1, 
T.J. :BOEOMS, K, ~. £TEXAS AGI<ICULTURAL AND 
MECHANICAL UN!~., COLLEGE STATION <USA)), 

REFERENCE- A STUDY OF THE DISPOSAl CF THE EFFLUENT 
FROM A LARGE O~SALINATION PLA~T. RESEARCH AND 
DEVELOPM~NT PRGG~ESS REPORT NO. 316, OFFICE OF 
SALINE WATER, WA~HINGTON, D.C., JAN 1968, 491 
p •• 

DESCRIPTOR~- OESALI~ATION; DESALTI~G PLANTS; 
CHEMICAL COMFCSlTION; ECONOMICS; ENVIRCNHENTAL 
EFFECTS; MONITC~ING~ SALINITY; MASSACHUSETTS; 
RHODE ISLAND; CC~NECTICUT; NE~ YORK; NE~ 

JERSEY~ .'1ARYLANC; VIRGINIA; FLORIDA; TEXAS; 
CALIFORNIA. 
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LEGROS 70 
BRihE TREATMENT/~FENT FLUIC OISPCSAL 

TITLE- SYSTEMS ANALYSlS OF BRINE CISPOSAL F~GM 
REVERSE JSMOSIS FLANTS. 

AUTHOR- LEGROS, P.G,;GUSTAFSON, c.e.;SHEFHERC, 
B.P.:MCILHENNEY, W.F, [00W CHEMICAL CO., 
MIDLAND • MICH • (USA l l • 

REFERENCE- SYSTEMS AhALYSIS OF aRlNE DISPOSAL F~OM 
REVERSE OSMOSIS PLANTS. RESE~RCH ANO 
DEVELOPMENT PRCG~ESS REPORT NCe 587, OFFICE OF 
SALINE WATER, W~!HINGTON, D.c., AUG 197C. 201 
P. • 

DESCRIPTORS- OESALI~AliON; DESALTI~G PLANTS; REVERSE 
OSMOSIS; ECONOMICS; PRE-INJECTION TREAT.MENT; 
INJECTION WELLS; WASTE DISPOSAL~ EVAPORATICN 
PONDS. 
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COLLINS 75 
BRINE TREATHENT/SFENT FLUIO DISPOSAL 

BRINE TR£ATMENT/SCAliNG 
BRINE lREATHENTICOR~OSION 

TITLE- GEOCHEMISTRY OF OILFIELD WATERS. 

AUTHOR- COLLINS, A.G. CSUREAU OF ~INESt 
BARTLESVILLE, Ct<lA •. CUSA) • BARTLESVILLE ENERGY 
RESEARCH CENTE~l. 

REFERENCE- GEOCHEMIS1RY OF OILFIELC WATERS. 
ELSEVIeR SCI~NTlfiC PU8LISHI~G CO., AMSTERDAM 
(NETHERLANDS), 1~75, DEVELCFtfNTS IN PETROLEUM 
SCIENC~, 1, 496 P •• 

DESCRIPTORS- ADDITIVe~; AQUEOUS SOLUTIONS; SULFATES; 
CALCIUM SULFATES; CHEMICAL ANALYSIS; C~EMICAL 
COMPOSITION; CHEMICAL REACTIONS; CLAY ti~E~AlS: 
CONNATE W~T~R; DEMINERALIZATION; DESAliNATION; 
DISPOSAL FOR~ATICNS; DOLOMITE ROCKS~ ECONOMICS; 
ENVIRONMENTAL EFFECTS: HYDROGEOLOGY~ INJECTION 
PRESSURE; INJECTION WELLS= IONIC STRENGTH; 
LITHOLOGY: MEASL~ING INSTRUMiNTS; MEASURING 
METHODS~ MINERAL RECOVERY; MONITORING; CILFIELO 
BRINfs; PERH£AaiLITY; PLUGGING; POLLUTIO~; 
POROSITY: PRE:CIF lTATIONr PRE•!NJECTION 
TREATMENT; PRESSURE Df~ENCtNCE; CHEMICAL 
REACTION KIN£TlC~; RfGULATIONS; RESE~VGI~ 
PROP£RTI~s; SCALE MONITORING; SCALING; SCALING 
CONTROL: SEDIMEh1ARY ROCKS; SEISMOLOGY; SILICA 
SOLUBILITY: SILICATES; SODIUM CHLORIDES; 
SOLUBILITY: ST~GNTIUM SULFATES; SURFACE 
EQUIPMENT; SUSPENDED SOLIDS; ELEVATED 
TEMP~RATURE; TEMFERATURE OEFENOENCE; lOW 
TEMP!:RATUP.[ • 
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CSTROFF 65 
BRINi TREATMENT/SPENT FLUIC DISPOSAL 

BRINE TREATMENT/SCALING 
eRINE TR£ATMENT/COR~OSION 

TITL~- INTRODUCTION TC OILFIELD WATER TEC~NClCGY~ 

AUTHOR- O~T~OFF, A.G. (SOCONY MOBIL OIL CO., INC., 
PRINCETON, N.J. (USA). FIELD ~ESEARCH lAB•l• 
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REFER£NCF• INTRODUCliCN TO OILFIELC WATER 
TECHNOLOGY. P~tNTICE•HALLt lNC., ENGLEWCOO 
CLIFFS, N.J., 1965, 412 Pee 

DESCRIPTORS· WAlE~ PCLLUTION~ LEGAL ASPECTS~ BRINE 
TREATMENT1 BAC1ERIA; FILTRATlON; OILFIELD 
BRINES~ SCALING; SCALING CO~TRCL; CARBCNATES; 
SULFATES; SILIC~ MINERALS; WATER ANALYSIS; 
CORROSION; CORROSION PROTECTICN; UNOERG~CUNO 

DISPOSAL: WAST~ CISPOSAL: MICROORGANIS~S; 
COAGULATION; SECIMfNTATION; AERATION; 
DEGASIFICATION; FRf.•INJfCTIOh TREATMENT; 
BOILERS: COOliNG SYSTEMS. 

AWWA 71 
BRlNE TREATME~T/5FENT FLUIC DISPOSAL 

BRI~E TREATMENT/SCALING 
BRINE TREATHENT/CCR~OSION 

TITLE- WATER QUALITY AND TREATMENT. A HA~CeCOK OF 
PUBLIC WATER SUPFLIES. 

AUTHOR- THE AMERICA~ WATER WORKS ASSOCIATION, INC •• 

REFERENCE• WATER QUALITY AND TREATMENT. A HANDBOOK 
OF PUBLIC WAiE" SUPPLIES. 3RC ED., MCG~AW•HILL 
BOOK CO., NfW YG~K, N.Y. (USA), 1971, 654 Pee 

DESCRIPTORS- WATER QUALITY; BRINE TREATHENT; 
FLOCCULATION; FILTRATION; CHEMIC~L ReACTIONS; 
CORROSION~ DiSALlNATION: WASTE MANAGEMENT. 
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STEVCVICH 75 
BRI~E TREATMENT/SCAliNG 

BRINE TRfATMENT/CCR~OSIO~ 
BRINE TREATMENT/SPENT FLUID DISPOSAL 

TITLf- GEOTHEKHAL E~E~GY. 

AUTHOR- STEVOVICH, v.A. [INFORMATICS INC., 
ROCKVILLL, MC.(~SAl]. 

REFCR[NCE· GEOTYERMAL ENERGY. AC/A-022 054, 
!NFOPMAT!CS INC., ROCKVILLE,,Mo., NOV 1975, 523 
P,. 
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DESCRIPTORS- GtOTHERMAL FIELDS! GEOTHERMAL FLUIDS; 
PIPELINES~ COR~GSION! SCALING; DESALINATION; 
MINERAL R~COVE~Y; ECONOMICS: ENVlRONME~T~L 
FFFEC TS. 
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CHOU 74 
BRINE T~EATMENT/SCAliNG 

BRINE TREATMENT/CCR~OSION 

TITLE- REGENFRATIVE VAPOR CYCLE WITH ISOBUT~hE AS 
WORKING FLUID. 

AUTHOR- CHOU, J.C.S.;AHLUWALIA, R.K.;WOO, E.Y.K. 
(HAWAII UNIV., HONOLULU (USA). COLLEGE OF 
ENGitJiERINGJ • 

REFERENCE- Gt:OTHERMIC.S, v. 3 (3), Pe 93-99(Sf.F 
1974). 

DESCRIPTORS- B!NArY FLUID SYSTEMS; CORRCSION; 
DESALINATION: GfOTHERMAL POWER PLANTS; rEAT 
EXCHANGERS: PRESSURE DEPENDE~CE~ SCALI~G; 
TEMPfRATURE OEP~NDENC£. 
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YANAGASE 70 
BRI~E TREATMENT/SCALING 

TITLE- THf PROFERTISS OF SCALES A~O METHODS TO 
PREVLNT THEM. 

AUTHOR- YANAGAS~, T.;SUGINOHARA, Y. {KYU.SHU UN!V., 
FUKUOKA <JAPAN). FACULTY OF ENGINEE~INGJ. 

YANAGASE, K. (KYUSHU ELEClRIC POWEP CO., 
INC., FUKUOKA (JAPAN). RESEA~CH OEPT.J. 

REFERENCE- GEOTHERMICS, SPECIAL I~SU€ 2t v. 2 (2), 
P. 1619-1623U9HD. ' 

DESCRIPTORS- CALCITfl CHEMICAL A~ALY~IS~ CHE~ICAL 
COMPOS!TICN; BRINE TREATMENT; EXPERIMENTAL 
RESULTS: MEASURING MeTHODS; PIPELINES; SCALING; 
SCALING CONTROL~ SILICA MINERALS; SOOIU~ 

CHLORIDES; SURFACE EQUIPMENT; TI~E DEPE~OENCE; 
OTAKE GEOTH£RHAL FIELD: JAPA~. 
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\oiftiLAGf 76 
BRI~£ TREATMENT/SCAliNG 

BRINE TREATMENT/CCR~CSION 

TITLE- G£0THfPMAL E~E~~Y. NEfOEC--EFFECTIVE ~EAT 

TRANSFER CQUIPMENT, 

AUTHO:<- WCHLAGE, f..F. CINTFRNATIONAI. SOCIETY FOR 
GfOTHERMAL ~NGINEERING, WHITTIER, CALif. CUS~)le 

R£FE:Rf.NCL- V. 9~ (8), P. 27-33CAUG 1976). 

DESCRIPTORS- 3INA~Y FLUID SYSiEMS; CCRROSIO~; 
DISSOLVED SOLIDS; ECONOMICS; GEOTHERMAL ENERGY; 
HEAT EXCHANGi~~; SCALING~ SILICA MINERALS; 
TEHP[RATURE DEFENOENCf. 

195 

MAHON 70 
BRINE TREATME~T/SCAliNG 

BRINE TREATMENTICCRROSION 

TITLE- CHLHISTPY IN THE EXPLORATILN AND EXPLCITATION 
OF HYDROTHERMAL SYSTEMS. 

AUTHOR- MAHON, W.A.J. (DEPARTMENT CF SCIENTIFIC AND 
INDUSTRIAL RtSSA~CH (NEW ZEALAND). CHEMISTRY 
orv.1. 

REFERENCE- GfOTHERMICS, SPECIAL !!SUE 2, Ve 2 (2), 
P • 131C -1 3 2 2 ( 1 ~ 7 Q ) • 

DESCRIPTORS- AQUIFE~S: CHEMICAL CCMPOSITICN~ 
CHLORIDES; FLOW ~ATE: GEOCHE~ISTRY: GECTHE~HAL 
RESERVOIRS~ GEOTHERMAL WELLS; HEAT FLOW; 
MONITORING: PH VALUE: QUARTZ; SILICA MINERALS; 
SOLUBILITY; ELEVATED TEMPERATURE; TEMPE~ATURf 
OEPENOFNCE; WAIRAKEI GEOTHER~AL FIELG; 
BROADLANDS GfOltE?MAL FIELD; WAIOTAPU 
GEOTHERMAL FIELG; ORAKEIKORATC GEOTHER~AL 
FilLD; NGAWHA GEOTHfRMAL FIELO; NEW ZEALAND. 
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!(RYUI<OV 70 
BRINE TREATMENT/SCALING 



TITLE- PHYSICO-CHEMIC4L SAMPLING CF HIGH•TEMFERATURE 
WELLS IN CONNECTlON WITH THEIR ENCRUSTATION BY 
CALCIUM CARBONATE. 

AUTHOR• KRYUKOV, P.~.;LARIONOV, E.G. CACAO. OF 
SCIENCES, NO~OSlBIRSK (USSR). INST. OF 
INORGANIC CHEM., SIBERIAN DIVel• 

REFERENCE- GEOTHERMIC$, SPECIAL I~SUE 2, v. 2 (2), 
P. 1624-1628(1970). . 

DESCRIPTORS- CARBONATES; ,CHEMICAL ANALYSIS~ 
EXPERIMENTAL RESULTS: GEOTHE~~AL WELLS; 
MEASURING INST~UMENTS~ MEASURING MET~OtS; PH 
VALU~; SCALING; TEMPERATURE LOGGING: 
BOLSHfBANNY GEOTHERMAL FIELD; PAUZHETSK 
GEOTHEKMAL FlELC; USSR. 

197 

ELLIS 75 
BRINE TREATMENT/SCALING 

TITLE- GEOTHERMAL SYSTEMS JNO POWER DEVELOPMENT. 

AUTHOR- ELLIS, A.J. {CEPARTHfNT Of SCIENTIFIC AND 
INDUSTRIAL R£SStRCH, PETONE (1'\£1' ZEALAI\C). 
CHEMISTRY DIII.l. 

REFERENCE- AM. SCI., V.63, P. 510•521(SEP-OCT 1975te 

DESCRIPTORS- CARBCNATES: CHEMICAL COMPOSITICN; BRINE 
TREATMENT~ GEOCrEMISTRY~ GEOTHERMAL SRlNES~ 
GEOTHERMAL ENE~G'; GEOTHERMAL FI~LOS; 
GEOTHERMAL POWER PLANTS1 GEOlHERMAL WflLS: 
GROUND SUBSIOE~CE; HEAT TRAN~FER; 
POLYMERIZATION; FRECIPITATION; RESERVOI" 
PROPERTifS~ SCALING: SILICA ~INE~ALS: 
TEMPERATURE GRACIENTS. 

198 

QUONG 76 
BRI~f. TREATMENT/SCALING 

TITLE- TH~ LLL GEOTH~RMAL INDUSTRIAL SUPPCRT PRCGRAM 
IN ChEMISTPY A~C MATERIALS FC~ FY7bT A~G FY77. 

AUTHOR- QUONG, R. (CALIFORNIA UNI~., LIVER~O~E 
<uSA). LAWR.ENC;;: liVERMORE LABel• 
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REFERENCE- THC LLL GEOTHE~MAL INDUSTRIAL SUPPORT 
PROGRAM IN CHEMISTRY AND HATE~IALS FOR FY76T 
ANO FY77. UCID-17209, CALIFCRNIA UNIV., 
LAWRENCE LIVERMORE LAB., LIV£RHORE, CALIF., 
1976, 24 P •• 

DESCRIPTORS- BRINE TREATMENT~ BRI~ES~ CHEMIC~L 
ANALYSIS~ CHEMICAL COMPOSITICN; COR"CSIGN~ 
CORROSION MONITGFING: CORROSION "ESISTA~T 
ALLOYS: DISSOLV~[ SOLIDS; EXPERIMENTAL "ESULTS; 
FAILURES~ FIELD STUDIES: INJECTION WELLS~ 
MEASURING INST"U~ENTS; MEASU"lNG HET~OCS; 
MONITORING: PH A(JUSTMENT1 PH O£PENOENCE; 
POLYMERIZATION; PRECIPITATIO~; CHEMICAL 
REACTION KINETICS: SCALE COMPOSITION; SCALING; 
SCALING CONTROL; SILICA MINERALS: SUSPENOEO 
SOLIDS; TEMPERATURE DEPENDENCE; IHPE~IAL VALLEY. 

199 

RCTHBAUH 76 
BRI~E TREATMENT/SCALING 

TITLE- REMOVAL OF SILlCA ANO ARSE~IC FROM GECTHER~AL 
DISCHARGE WATERS BY PRECIPITATION OF USEFUL 
CALCIUM SILICAlES. 

AUTHOR- ROTHBAUM, H.F.;ANOERTON, e.H. £DEPARTMENT OF 
SCIENTIFIC AND INOUSTRI~L ~ESEARCH, FETG~E <NEW 
ZEALAND). CHE~l!TRY DIV.le 

REFfRfNCE- PROCEECI~G5--SfCONO UNlTEO NATICNS 
SYMPOSIUM ON THE DEVELOPMENT ANC USE CF 
GEOTHE~MAL ~~SJU~CES. CALIFORNIA UNIV., 
LAWRfNCE EERKE~E' LAB., 8FRKELEY, CALIF., 1976, 
V. 2, P. 1417-1425. 

DESCRIPTORS- C~EMICAL ANALYSIS! CHEMICAL 
COHPOSITICN; BFINt TREATMENT: COLLOIDAL SILICA; 
DEMINE~ALIZATION~ fXPERIMENTAL RESULTS; 
MEASURING METHOGS; FLOCCULATICN; FLOCCULATING 
AGENTS; GECTHER~AL BRINES; Ml~ERAL ~ECCVERY; 
POLYMER!ZATICN; SILICA MINERALS; SILICATES; 
WAIRAKEI GEOTHE~MAL FIELD; B~CADLANDS 
GEOTHERMAL FIELC; NEW ZEALANC. 

2CO 
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THO~r.ALLSSON 76 
BRI~E TREATMENT/SCALING 



TITLE- RAPID SCALING OF SILICA IN TWO DISTRICT 
HEATING SYSTEMS. 

AUTHOR- T~ORHALLSSON, S.;RAGNARS, Ke1ARNCRSSC~, 
s.;K?ISTMANNSOOlTIR, He (NATICN~L fNERGY 
AUTHORITY, REYKJAVIK <ICfLANCll. 

REFERENCE- PROCEEOI~G~--SECOND UNITED NATIONS 
SYMPOSIUM ON TH~ OFVlLOPMENT ANO USf CF 
GEOTHERMAL RESOv~CES. CALIFCRNIA UNIV., 
LAWRE.NCE BERKElt:' LAB., BERKELEY, CALIF., 1976, 
Ve 2, P. 14~5-1449. 

DESCRIPTORS- AMCRPhOv5 SILICA: CH~MICAL ANALYSIS; 
EXPE~IMENT•L RESULTS: MEASURING M~THOOS; 
G~OT~~RMAL ENEK(~; GEOTHERMAL WELLS; P~ VALUE; 
SCALING; SILICA ~INERALS: NAMAFJALL GECT~ERMAL 
FIELD; HVERAGE~CI GEOTHERMAL FIELD: ICELAND. 

201 

EPA 72 
3RINE TREATMENT/SPENT FLUIC CISPOSAL 

TITLE- SUBSURFACf WATER POLLUTION--A SELECTIVE 
ANNOTATED BI9LIGGRAPHY. PART I, SUeSU~FACE 
WASTE INJECTION. 

AUTHOR- ENVIRO~MENTAL PROTECTION AGENCY, ~ASHINGTON, 

D.C. WSA)e OFFlCE. OF WATER PfiOGRAMS. 

REFER~NCE- SUBSURFACE WATER POLLUTION--A SELECTIVE 
ANNOTATED BIBLIOGRAPHY. PART I, SUeSU~FACE 
WAST~ INJECTION. ENVIRONMENTAL PROTECTICN 
AGENCY, WASHINGlON, D.C., MAR 1972t 15E Pee 

DF.SCRIPTORS- INJECTICN WF.LLS~ INJECTICN~ WASTl 
DISPOSAL~ WASTES; GROUND WATE~~ WASTE ~ATER; 
HYDRODYNAMICS; GEOCHFM!STRY; FLUIO MfC~ANICS; 
HYDROGEOLOGY; ROCK PROPERTIES~ WASTE 
PROCESSING; UNOE~GROUNO DISPOSAL. 

202 

RIMA 71 
BRINE TREATMENT/SPENT FLUIC DISPOSAL 

TITLf- SUBSUR~ACE ~ASTE DISPOSAL BY MEANS OF 
WELLS--A SELECTIVE ANNOTATED EIBLIOG~AP~Y. 
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AUTHOR- RIMA, D.P..;C~ASE, E.B.;~YE~S, BeMe 
[GEOLOGICAL SUIOvEY, WASHINGTCt\, D.C. tt.:SA)Je 

REFERZNCE- SU9SURFACi WASTE DISPOSAL BY MEANS OF 
WELLS--A SEL~CTIVE ANNOTATED EIBLIOGRAF~Y. 
GEOLCGICAL SURViY WATER SUPPLY PAPER 2020, 
GEOLOGICAL SURV~Y, WASHINGTO~, D.C., 1971t 305 
p •• 

OESCRI PTORS- I NJECTIGN WfLLS; WAS 1E 0 ISPOSA l; 
INDUSTRIAL WASTES; BRINES; GRCUNO WAlE~~ 

HYOROOYNA~ICS: HYDROGEOLOGY~ GEOCHCMISTRY; ROCK 
PROPfRTI~S; FLUIC MECHANICS; ENVIRONMENTAL 
EFFECTS. 

2(J 3 

TOFfLEHIRE 70 
oRIN~ TREATMENT/SPENT FLUIC DISPOSAL 

TITLE- OEf P- Wf LL I 1\J HTION (LITERATURE R£ VIE~) • 

AUTHOR- TOFFLfMIRE, T.J. [WATER POLLUTION CC~TROL 
FEDERATION, HASHlNGTON, D.C. CUSA)Je 

REFERENCE- J. WATER FOLLUT. CONT~Cl FEQ., v. 42 (6) 9 

P. 1231-1c35C1~iol. 

DESCRIPTORS- INDUSTRIAL WASTES: DEEP WELLS~ 
!NJFCTION WELLS: WASTE WATER; PRE-INJECTION 
TPEATM~N~; WASTE DISPOSAL~ GfOLOGYe 

2G4 

YOSHIDA 69 
BRINE TREATMENT/SCALING 

BRINE TREATHENT/CGR~OSION 

TITLE- CORROSIO~ CONTfOL IN GEGTHc~MAL STEA~ 
TUR.B!NE S. 

AUTHOR- YOSHIDA, H.~hCASHI, J.;MI\~ZAKI, Me £TOKYO 
SHIBAURA El~CTRIC CO., YOKOHAMA (JAPAN •• 
TUFBINE WORKS]. 

REFERENCE- PROCEcOI~GS OF THE AMERICA~ POkE~ 
CONFERENCE, 1966. AMERICAN FOWER CONFfRENCEt 
CHICAGO, ILL., 1~69, Ve 30, P. 965-973. 
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DESCRIPTORS- CHEMICAL-COMPOSITION; CORRCSICN; 
CO~ROSION PROTEC1ION~ CORROSION FESISTA~T 
ALLOYS; EXPERIMENTAL RESULTS; GEOTHERMAL 
FLUIDS; G£0TH£RMAL POWER PLANTS~ MEASU~ING 
MfTHOOS; PITTI~G CORROSION; SCALING; SILICA 
MINERALS; STRESS CORROSION; TURBINES; MATSUKAWA 
GEOTHERMAL FIELD: JAPAN. 

2CS 

CARTER 74 
BRINE TREATMENT/CCRROSION 

TITLE- CORROSION RESISTANCE OF SOME COMMERCIALL' 
AVAILABLE MFTAlS. AND ALLOYS TC GEOTHERMAL 
13RINES. 

AUTHOR- CARTERi J.P.:CRAMER, S.D. [BUREAU OF Ml~ESt 
C 0 l L L GE .. P ARK , M i • (US A ) • C 0 l L E G f PARK 
METALLURGY RESEARCH CENTERJ. 

REFERENCE- C02ROSIO~ PROBLEMS IN tNERGY CON~ERSION 
AND GENF~ATION. THE ELECTROCHEMICAL SCCIETY. 
CORROSION DIV., PRINCETON, N.J., 1974, F. 
24C-250 • 

DESCRIPTORS- CORROSION; CORROSION RES!STA~T ALLOYS; 
DISSOlVED SOLIDS1 EXP~R!MENTAL RESULTS; 
GEOT~ERHAL BRINES: I~ON OXIDES; MEASU~ING 
METHODS: MODERATf PRESSURE~ PITTING CORRCSION; 
STRESS CORFOSIO~; ELEVATED TEMPERATURE; ~AST 
MESA KGRA: NILAN(; IMPERIAL VALL£Y; USA. 

20 6 

C~A"''EP 74 
BRINE TREATMENT/CORROSION 

TITL~- SOLUBILITY OF CXYGEN IN GEOTHERMAL 8RlhESe 

AUTHOR- C~AMER, s.o~ CBUREAU OF Ml~2S, COLLEGE PARK, 
MO. (USA). COLL:.GE PAPK METALLURGY RtSEAI':CH 
CfNERJo 

REFERENC~- CORROSION PROBLEMS IN fNERGY CONVERSION 
AND G~NERATION. THE fLFCTROC~EM!CAL SCCIETY, 
CORROSION OIV., 0 RINCETON, N.J., 1974, P. 
251-262. 
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DESCRIPTORS- CHEMICAL ANALYSIS; CC~ROSION; 
EXPERIMENTAL RESULTS~ GEOTHERMAL BRINES; 
INJECTION WELLS: MEASURING METHODS: MODERATE 
PRESSURE~ SOLUBiLITY; MODERATE TEHPERAT~"E; 
ELEVATED TEHPE~ATURE: THEORETICAL T~E~T~ENTS; 
THERMODYNAMICS. 

207 

HERM~N~SSON 70 
BRINE TREATMENT/SCALING 

BRINE TREATMfNTICCR~OSIO~ 

TITLE- CORROSION OF METALS AND THE FORMING Cf A 
PROTECTIVE COATI~G ON THE INSIDE OF PIFES 
CARRYING TH£RMAL WATERS USED SY THE REYKJA~IK 
MUNICIPAL DIST~ICT HEATING SE~VICE. 

AtiTHOR- H~RMANNSSON, S. (REYKJAVIK MUNICIFAL 
DISTRICT HEATING SERVICEt REYkJAVIK <ICELANDlJe 

REFERENCE- GfOTHERHICS, SPECIAL ISSU£ 2, V. 2 (21, 
P. 1602•1612<19701. 

DESCRIPTORS- AMORPHCUS SILICA: CHEMICAL CO~FOSITION: 
CHEMICAL ~EACTICNS; COLLOIDAL SILICA; 
CORROSION; COR~OSION INHI9ITORS; CCRRCSICN 
RESISTANT ALLOYS: GEOTHERMAL FLUIDS: I~CN 
OXIDES; MEASURih~ METHODS; PH DEPENDENCE~ 
PIPELINES; SCAL~ COMPOSITION; SCALING; SILICA 
MINERALS1 SILICA SOLUBILITY; SILICATES; TIME 
DEPENDENCE: REYKJAVIK: ICELAhC. 

208 

MA~SHALL 57 
BRINE TREATMENT/CCRROSIC~ 

TITLE- CORROSION BY LCW•PRESSURE GEOTHERMAL STEAM. 

AUTHOP- MARSHALL, T.;HUGILL, A.J. cD:PARTME~T OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH, WELLINGTON 
(NEW ZiALANC). GCHINION LAB.l. 

REFERCNCL- CvRROSIONt v. 13, P. 329T-337TCMAY 19571. 

DESCRIPTORS- C~fMICA~ COMPOSITION; CORROSION; 
CORROSION RESI~TANT ALLOYS: EXPERIMENTAL 
RESULTS~ MEASUFING METHODS; FLOW RATE; 
GEOTHERMAL FLUlCS! STRESS CO~ROSION; WAI~AKEI 
GEOTH~PMlL FIELG; N(W ZEALANC. 
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~.ARSHALL 73 
BRINE TREATME~T/CCR~OSION 

TITLE- CORROSION CONT~OL IN GEOTHERMAL SYSTE~S. 

AUTHOR-, MARSHALL, T.;tRAITHWA!TE, ~.R. (Q~PARTMENT 
OF SCIENT! F!C AI\ [ INDUSTRIAL RESEARCH (~EW 

ZF.ALANDl. CHi::I"ISlR.Y D!Vele 

REFER~NCE- GEOTHERMAL ENFRGY, P. 151-160 (EARTH 
SCIE~CES, 12»(1S73). 

DESCRIPTORS- CHEMICAL COMPOSITION; COOLING TCWERS; 
CORROSION: CGR"CSION PROTECTICN: CCR~CS!CN 
RESISTANT ALLOYS; EROSION; GtOTHERMAL e~INES; 
G~OTHERHAL PGW~~ PLANTS; PIPELINES; FITTING 
CORPOSION; STrESS CORROSION: SURFACE EQ~IPHENT; 
TURBINES. 

210 

AKIBA 70 
BRII\E TREATMENT/SCALING 

BRINE TRSATMENT/CCRROSION 

TITLF- MECHANICAL Ff.ATURES OF A G~OThERMAL PLANT. 

AUTHOR- AKIBA, M. (TCKYO SHIBAURA ELECTRIC CC., 
LTD., (JAPAN». TURBINE. ENGNG. DEPT.le 

REFERENCE- GEOTHERMICS, SPfCIAL !!SUE 2, V. 2 (2,, 
P. 1521-1529(1 ~70 t • 

DESCFIPTORS- CHEMICAL COMPOSITIO~; CORRCSICN; 
GEOTHERMAL POWE~ PLANTS; SCALf COMPCSITION; 
SCALING; SlRESS CORROSION: Sl~FACE EQUIFMENT; 
TURBINE BLADES; TURBINES; MA1SUKAWA GECT~ERMAL 
FIELD; CER~O PRICTO GEOTHERMAL FIELD; GEYSERS 
GEOTHERMAL FIELD; JAPAN. 

211 

ANCERSON 70 
BRI~E TREATMENT/SCALING 

BRINE TREATMENT/CORROSION 

TITLE- A VAPOR TURBINE GEOTHERMAL FOHER FLANT. 

B-107 



AUTHOR- ANDERSCN, J.h (CONSULTING ENGINEER, YORK, 
PA • (US A) 1 • 

REFERENCE- GEJTH~RMICS, SPfC!AL !~SUE 2, v. 2 (2), 
p. : s 30 -1 :;32 ( l ~7 (), • 

DESCRIPTORS- GEOTHERMAL POWER PLAhTS: BINARY FLUID 
SYSTlMS: TUREINES; MODERATE TEMPERATURE: 
ELEVtTEO 1EMPE"~1URF.. 

212 

KOGA 70 
BRl~E TREATMENT/SCALING 

BRINE TREAT~E~T/CCR~OSION 

TlTLE- GEOCHEMISTRY CF THE WATERS DISCHARGE[ FROM 
DRILLHOLES IN lH£ OTAKE ANC hATCHOBARU AREAS. 

AUTHOR- KOGA, A. [K'flSHU UNIV., 8EFPU (JAPAN). 
INSTITUTf OF BAL~EOLOGYJ. 

REF~RENCE- GEOTHERHICS, SPECIAL ISSUE 2, V. 2 (2)~ 

P. 1422-1t25(1g70le 

DESCRIPTORS- GEOCHEMISTRY: CHfMICAL CO"FOSITICN~ 
G£0T~tRMAL BRI~ES; DE£P WELLS; OTAKE GECTHERMAL 
FIELD; HATCHOSAMU GEOTHf~HAL FIELD; JAFAN. 

213 

MASHIKO 70 
BRI~E TREATMENT/SCALING 

BRINE TREATMENT/CORROSION 

TITLE- NEW SUPPLY S~STEMS OF THER~AL WATERS TO A 
W!OE ARE~ IN JAFAN. 

AUTHOR- MASHIKO, Y. {HOT SPRING R~SEARCH INSTITUTE 
(JAPMU J. 

HIRANO, Y. (SCCIETY OF ENGINEERS FOR MINERAL 
SPRINGS (JAPAN) 1. 

REFERENCE- GEOTHERMICS, SPECIAL I!SUE 2, v. 2 (2), 
P. 1592-1 ~95 (1 ~70 J • 

DESCRIPTORS~ GEOTHE~MAL FLUIDS; MCOERATE 
TEMPERATURE; CASE HISTORIES; PIP£LINES; 
CORROSION; SCALI~G; CALCITE~ JAPAN. 
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214 

SHCHE~SAKOV 70 
BRINE TREATMENT/SCALING 

BRIN~ TREATME~T/~F£NT FLUID CISPOSAl 

TITLE- THERMAL WATERS AS A SOURCE FOR EXTRACTION CF 
CHEMICALS .. 

AUTHOR- SHCHE.~BA KOV, A • V •. (AN SSSR, MOSCOW • 
GEOLOGICHESKlJ !NST•l• 

0 VOROV" V • I • [AN SSSR, MOSCOW. INST • 
GEOLOGII FUDNYK~ MESTOROZHDE~II, PfTROGRAFIIt 
MINERALOGII I GEOKHIMIIJ. 

REFERENCE- GEJTHERMICS, SPECIAL !~SUE 2, Ve 2 (2), 
Pe 1636-1 £39(1<370). 

DESCRIPTORS- GEOTHF.~MAL BRINF.S~ G£CLCGY; CHEMICAL 
COHPCSITION; MINERAL RECOVERY: USSR. 

21!3 

WERNEP 70 
BRI~E TREATMENT/SCALING 

BRINE TREATM~NT/~PENT FLUlC CISPOSAL 

TITL~- CONTRI8UiiCNS TO THE MINERAL ~XTRACTIO~ FRC~ 
SU?ERSATUFAT£0 GEOTHERMAL BRINES, SALTCN SEA 
AREA, CA~IFORNit. 

AUTHOR- WERNER, H.H. 

REFERENCE- GFOTHfRHICS, SPECIAL ISSUE 2, V. 2 (2), 
P. 1651-1655<197Jl. 

DESCRIPTORS- GEOTHE~~AL BRINES: C~EMICAL 
COMPOSITION~ MIN(RAL RECOV~R': SCALE 
COMPOSITION: SALTON SEA •. 

216 

'"'AI\CI< 76 
B~INE TREATME~T/CCR~OSION 

TITLE- COFROS!ON STUClES AT THE GEYSERS POW£~ PLANTe 
ABSTRACT NO. 106. 
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AUTHOR- HANCK, J.A.;NEKOKSAi G.:F~IEDRICH, S.J. 
(PACIFIC GAS A~G ELECTRIC CO., SAN RAMO~, 
CALI~. (USA). DEFT. OF ENGINEERING RE5EA~CHle 

REFERENCE- EXTENDED AESTRACTS, 150TH SOCIETY 
MEETING, VOL. 76·2. THE ELECTROCHEMICAL 
SOCH:TY, INC., fi'!NCETON, N.J., 1976, F. 
297-299. 

DESCRIPTORS- GEOTHER~AL POWER PLANTS; PITTING 
CORROSION; CORRGSION: CORROS!CN R~SISTANT 
ALLOYS; CO~RGSIC~ MONITORING; MEASURING 
INSTRUMENTS; M~ASURING METHC(S; EXPeRIMENTAL 
RESULTS: HYDROGf~ SULFIDES1 CREVICE CC~~CSION; 
EROSION; GEYSE~S GEOTHERMAL FIELD. 

217 

~t-OCES 76 
BRINE TREATMENT/CORROSION 

TITLE- CORROSION MECHANISMS OF CARBON STEEL IN 
AQUEOUS H2S SOL~TIONS. ABST~ACT NO. 107. 

AUTHOR- RHODES, P.R. £SHELL DEVELOPMENT CO., 
H 0 lJ S TON , T EX • ( lJ SA ) l • 

REFcR~NCC- CXTENDf.O A~STRACTS, 150TH SOCIETY 
MEETING, VOL. 7E-2o THE ELECTROCHEMICAL 
SOCIFTY, INC., F~INCFTON, N.J., 1976, F. 
300•3C2. 

DESCRIPTORS- HYC~OGS~ SULFIDES~ CORROSION: MEASURING 
METHODS; EXPCRIMENTAL RESULTS; PH VALUE. 

218 

C~AMER 76 
BP.INE TREATMENT/CCR~OSION 

TITLE- TH~ EFFECT OF DISSOLVED GASES ON THe 
CORROSION CF HET~LS !N GfOTHERHAL BRINES. 
ABSTRACT NO. 1~8. 

AUTHOR- CFAM£P, S.D. [BUREAU OF MINES, CO~LEG£ PAPK, 
MD. <USA). COLLE~~ PARK METAI.LUI\G'f RESE~RCH 
CENTC Rl • 

REF~RENCE- EXTEND~O AESTRACTS, 15GTH SOCIETY 
MEETING, VOL. 76-2. THE ELECTROCHEMICAL 
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SOCIETY, INC., F~INCETON, N.J., 1q76, P. 
3G3-3t4. 

DESCRIPTORS- CORROSlCN; GEOTHERMAL B~INES; MEASURING 
METHODS: EXPERIMENTAL RfSULTS~ PH VALUE: 
CHEMICAL COMFCSITION; CREVICE CCRRCSIC~; STRESS 
CORROSION; EAST MESA KGPA; SALTCN SEA 
GEOT~~R~AL FIELC. 

21,9 

ShANNON 768 
BRINE TRitTM~NT/CCR~dSIO~ 

T1TLE- THi ROLE OF C~EMICAL COMPONENTS IN GECTHERMAL 
8RINFS ON THE CORROSION OF MfTALS. ABSTRACT 
NO. 109. 

AUTHOR- SHANNO~, c.w. (BATTELLE PACIFIC ~CRTt-iWEST 
LA9S., RICtLANG, WASH. <USA)l. 

REFERENCE- fXTENDED AESTRACTS, 1S~TH SOCIETY 
ME£~ING, VOL. 7f-2. THf. ELEClROCHf~ICAL 
SOCIETY, INC., F~INCETON, N.J., 1976, P. 
3G5-3G6. 

DESCRIPTORS- CtEHICAL COMPOSITION; CHEMICAL 
PEACTIO NS : GEO ~t'ERMAL BRINES; CORROSION; 
CORROSION .RESISTANT ALLOYS; ~EASURING ~ETHOOS; 
EXPERIMENTAL RESULTS: HYDROGEN SULFIDES; PH 
VALUf; MODERATE TEMPERATURE: ELeVATED 
TEMPERATURE. 

2 2ti 

POSEY 76 
BRINE TREATMENT/CORROSION 

TITLE- ELECTROCHEMICAL ASPECTS OF CORROSION Of IRON 
AND STEFLS IN SYNTHETIC BRINES. ABSTRACT NO. 
110. 

AUTHOR- POSEY, F.A.;FALKO, A.A. (OAK RIDGE NATIONAL 
LAB., TENN. CU~A). CHEMISTRY OIVel• 

REFFRENCE- EXTENDED AESTRACTS, 150TH SOCIETY 
MEETING, VOL. 76•2. THE ELECTROCHEMICAL 
SOCIETY, INC., P~INCETON, N.J., 1976, F. 
307-308. 
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OESCPIPTOkS- CLECTRCCHEMICAL CORRCSION1 GEOTtERMAL 
BRINLS; B~I~ES; CORROSION: CC!<~OSION ~fSlSTA~T 
ALLOYS: ~~ASURlNf METHODS: EXPERIME~T~L 
RESULTS; CAK80r-~ES; CHLCRIOFS; SULFIDES; PH 
VALUE: MOOERAT: lEMPERATURE; ELEVATED 
T£MPfRATU~E; PITTING CORROS!CN; SCALING. 

221 

OCWNS 768 
BRINE TREATMENT/CORROSION 

BRINf TREATMENT/SCALING 

TITLE- EXPERI~ENTAL ~VALUATION OF THE GfCCfE~lSTRY 
OF GEOTHERMAL SYSTf.MS. . 

AUTHOR- DOWNS, W.F.:BAPNES, HoLo IFENNSYLVANIA STATE 
UNIV., UNIV~~Sif' PAPK CUSA). DEPT. OF 
GEOSCI£ NCESl • 

REFERENCE- EXTEND£0 AESTRACTS, 150TH SOCIETY 
~EETING, VOL. 76-2. THE ELECTROCHEMICAL 
SOCI~TY, INC., F~INCETON, N.J., 1976, ABSTRACT 
NOo 111-, Po 309-~10. 

DESCRIPTORS- GEQTHE~~AL SYSTEMS: GEOCHEMIST~Y~ 
fXPE~IMENTAL HOCELS: DYNAMIC SYSTEMS: E~INES~ 
GEOTHiRM~L FLU![~; ROCKS; ROCK-FLUID 
INTERACTIONS; 1-l'HC:RALS; SCLUBILITY; SILICA 
MINERALS; SCALHG: PRECIPITATION~ SILICA 
CHEMISTRY~_QUA~Tz; CHEMICAL FEACTION KI~ETICS; 
HEAT tXCHA~GtRS; LASL. 

222 

LIU 76 
BRINE TREATMENT/CCRFOSIO~ 

BRINE TREATME~T/SCALING 

TITLE- VAPOR PRES~u~~ LOWERING OF A SYNTHETIC 
GEOT~ERMAL BRih~ AT ELEVATED TEMPERATURES. 

AUTHOR- LIU, C.T. CHE~TINGHOUSE RESEARCH LAES., 
PITTS3URGH, PA. <USA)]. 

REFERENCE- ~XTtNO~O ABSTRACTS, 150TH SOCIETY 
HEfTING, VOL. 76-2. THE EL~CTROCHEMICAL 
SOCIF:TY, INC., PHNCETON, N.J., 1976, ABSTRACT 
NO. !.12, Po 311• ~12. 
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DESCRIPTORS- THERMOOY~AMIC PROPERliES~ GEOT~E~HAL 
BR:NfS; VAPOR PRESSURE; OSMOTIC COEFFICIENT; 
TEHPERATU~E OEPE~DENCE1 MODERATE TEMPE~ATURE1 
ELEVATED 1EMPERA1URE; CONCFNT~ATION D~FENDENCE; 
SODIUM CHLORIOES~ EXPERIMENTAL RESULTS. 

223 

C~AMER 768 
BRINE TREATMENTICCR~OSION 

BRINE TREATMENT/SCALING 

TITLE- THf THERMOOYNA~ICS OF GASES DISSOLVED IN 
BRI Nl S. 

AUTHOR- CRAMER, S.D. (BUREAU OF MINES. COLLEGE PARK, 
MO. (USA I • COLLEGE PARK METALLURGY RESEAFi CH 
CENTERl • 

REF£RENCE- EXTENDED AeSTRACTS, 15JTH SOCIETY 
MEETING, VOL. 76-2. THE ELECTROCHEMICAL 
SOCifTY, INC., F~INCETON, N.J., 1976, AESTRACT 
NO • 113 • P • 313- 314 • 

DESCRIPTORS- THERMOOY~AMICS; DISSOLVED GASES; 
GEOTHERMAL 6RIN~~1 OXYGEN; CARBON OICXIG£; 
METHANE; SOLUBILITY; TEMPERATLRf OEPENCENCE; 
MOOE~ATE TEMP~RA1URE~ ELEVATED TEMPER~TLRE; 
CONCENTRATION DEF£NOENCE; ENTkOPY; ENTHALPY; 
SALTING-OUT EFFECT~ SCALING; CORROSION; 
EXPERIMENTAL RfSULTS. 

22it 

STAEHLE 76 
BRINE TREATHENT/CCR~OSION 

TITL~- EFFECTS CF HYC~OGEN SULFIOl ENVI~CN~E~TS ON 
THf PERFORMANC~ CF MATERIALS. 

AUTHOR- STAEHLE. R.H.;AGRAWAL, A.K. (OHIO STATE 
UN!V., COLUMBUS CUS~). OfPT. CF HETALLUI'GICAL 
2NGINEERI NGl • 

REFERFNCf- EXTf~0€0 AESTRACTS, 1S~TH SOCI~TY 
MEE7ING, VOL. 76-2. THL ELECTROCHEMICAL 
SOCIETY, INC., F~INCETON, N.J., 1976, AESTRACT 
NO. 114, P. 31S. 
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DESCRIPTORS- HYOROGE~ SULFIDES; MATERIALS TESTING; 
CORROSION RESI~lANT ALLOYS; CCRROSION; STRESS 
CORROSION; POlA~IZATION STUDIES. 

225 

Hfjo,fHANN 76 
BRINE TR£ATHENT/CGR~OSION 

TITLE- HYOROG~N SULPHIDE STRfSS CCRROSION CRACKING 
IN MATERIALS FO~ GEOTHERMAL FGWERe 

AUTHOR- HfHEHANN, R.F.;TROIANO, A.R. (CASE WESTERN 
RESERVE UNIV., CLEVtLANO, OHIO (USAle CIVe OF 
METALLURGY A~O ~ATERIALS ~CIENCEJe 

REFERENCE- EXTENDED AESTRACTS, 150TH SOCIETY 
MECT!NG, VOL. i6-2e THE: tLECTROCHEMICJll 
SOCIETY, INC., F"INCETON, N.~., 1976, JlESTRACT 
NO. 115, P. 31E-317. 

DESCRIPTORS- MATERIAL! TESTING; CCRROSION RESISTA~T 
ALLOYS~ HYDROGEN SULFIDfS; CCRROSION; STRfSS 
CORROSION: YIELC STRENGTH; GECTHERMAL POWER 
PLANTS; tXPERIME~TAl PESULTS. 

226 

ISAACS 76 
BRINE TRE,TMENT/CCR~OSION 

TITL~- THr !N!T!~TICN AND GROWTH CF LOCALIZEO 
COR~OSION ON ST~lNLtSS STEELS IN CHLO~IOE 
SOLUTIONS • 

AUTHOR- ISAACS, H.S.~VYA$ 9 B. [BROGKHAVEN NATIONAL 
l A a • , U PT 0 N , N • ) • l U SA ) l • 

REFERENCE- EXTENO~D ~ESTRACTS, 15GTH SOCIET' 
HEfTING, VOL. 76-2. THE ELECTKOCHEMIC~l 
SOCI~TY, I~C., P~INCETON, N.J., 1976, ~ESTRACT 
NO. 116, P. 318-319. 

OESCRIPTOPS- CHLO~ICE~~ CORPOSION; CORROSION 
RES!STANT ALLOYS~ PITTING C0~~0SION; ST~INLESS 
STfELS~ COATI~GS: CREVICE COR~OSION~ 
POLARIZATION ST~(IES; CONCENlRATION DEPENDENCE. 
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HSSALL 76 
BRINE TREATMENT/CORROSION 

TITLF- THF. CORROSION ~ESISTANCf OF ~ICKfL-BASEO 

ALLOYS UNCER S1RiSS IN HIGH TEtPE~ATURE, HIGH 
CHLOPIDF FNVIRGNMENTS. 

AUTHOR- PESSALL, N.;LIU, C.T. £WESTINGHOUSE RESEARC~ 
LABS., Pr-i1S3Ui<GI-', PA. <USA) 1 • 

REFERENCE- EXTENDED AESTRACTS, 15GTH SOCifTY 
MEETING, VOLe 76·2. THE ELECTROCHEMICAL 
SOCIETY, INC., F~INCETON, N.J., 1976, AESTRACT 
NO. 117, P. 320-~21. 

CESCR!PTO~S- C~~~C~ICN RESISTA~T ~LLOYS; TEMPERATURE 
DEPENDENCE: HOCERATE TEMPERATURE1 ELEVATED 
TEMPERATUR~; CONCENTRATION DEPENDENCE: AQUEOUS 
SOLUTIONS1 CHLO~lDES: MAGNESIUM CHLC"IuES; 
SODIUM CHLORIDES; ~EAWATER; PH DEPfNDE~CE; TIME 
OEPENDENCC:~ PITTING CORROSI 0(1;: STRESS 
CORROSION; NICKEL: fXPERIMENTAL RESULTS. 

228 

RECHT 76 
BRINE TREATMENT/CORROSION 

TITLE- EVALUA!ION OF CORROSION IN A GEOTHERM~L WELL 
LINEf<. 

AUTHOR- RFCHT, H.L.;FARO, A.J.;LEE, W.T.;SP~INGER, 
T.H. £ATOMICS l~TERNATIONAL CIV., CANOGA PARK, 
CAL IF • (USA t l • 

REFERENCE- ~XTENDEO AESTRACTS, 150TH SOCIETY 
MEETING, VOL. 76-2. THE ELECTROCHEMICAL 
SOCIETY, INC~, F~INCETON, N.J., 1976, AESTRACT 
NO. 118, Po 322•323e 

DESCRIPTORS- CORROSICN; GEOTHE~MAL WELLS; WELL 
CASINGS; GEOTHER~Al FLUIDS: CISSOLVEO SCLIOS; 
WELL LOGGING; ELEVATED TEHPE~ATURE; 
METALLOGRAPHY; METALS; PIPELINES; PITTlNG 
CORROSIOi~; COR~OSION RESISTUT ALLOYS; 
EXPERIMENTAL RESULTS. 
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GOLDBERG 76 
BPI~E TREATME~I/SCALING 

BRINE TR£~TMENT/CCR~OSIO~ 

TITLE- PITTING CORRCSJON AND SCAL!~G OF PLAIN CARSON 
STfEL CX 0 0Sf0 TC GFOTHERHAL e~INE. 

AUTHOR- GOLOBt:RG, A. ;OW£N, L.B. [CALIFORNIA lit\IV., 
LIVERMOR~ (USA)e LAWRENCE LIVERMORE L~B.le 

REFER~NCE- EXTENDED AESTRACTS, 15GTH SOCIETY 
MF.ETING, VOL • 76-2. THE EU:CTROCHEMICAL 
SOCifTY, INC., F"INCEiON, N.J., 1976, ABSTRACT 
NO. 119, P. 324-~25. 

DESCRIPTORS- CO~ROSICN; PITTING CO~ROSION! SCALING1 
WELL CASI~GS: CARBON STEELS: SALTON SEA 
GEOTHERMAL FicLC; GEOTHERMAL ERINES; CHLORIDES; 
SULFIDES: SIL!CA MINERALS: STRESS CCRRCSION: 
C~EVICE CORROSIC~; AMORPHOUS SILICA; PIPELINES; 
EXPEPIMENTAL RESULTS. 

23(' 

TONEY 76 
BRI"E TREAT~f.~T/SCALING 

BRINE TREATMENT/CCR~OSION 

TITLE- METALLURGICAL EVALUATION OF MAT€RIALS FOR 
GEOTHfRMAL PGWE" PLANT APPLIC~TIO~S. 

AUTHOR- TON~Y, S.~COrEN, M. [GlN~"AL ELECTRIC CO., 
LYNN, MASS. <USA). ME:O!UM STE~I" TUI'B!Nf OEPT•l• 

CRON, C.J. IUHON··OIL CO., BREA, CALIF. 
<USAl. UNION Oll RESEARCH CENlERJ• 

RE.Ff.Rf NCf- E XTENDEu A ESTRACTS, 150TH SOCIETY 
Mf.ETING, VOL. 76-2. THE ELECT~OCHEMIC~l 
SOCifTY, INC., F~!NCETON, N.J., 1376, AESTRACT 
NO. 119A, P. J2E-327. 

DESCRIPTORS- MATERIALS TESTING: GEOTHERMAL POWER 
PLANTS; CORROSlCN RESISTANT ALLOYS; CORROSION; 
STRESS COR~OSIC~; TURBINES; ~fAT EXC~ANGERS; 
NEW MEXICO; GEOTHfRHAL FLUIOS; NATURAL STEAM; 
TIME DEPENDENCE; FATIGUE; AMORP~OUS SILICA; 
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~OSEt'FELO 75 
BRINE TREATMENT/CORROSION 

TITLE- CORROSION ANG METAL PROTECliON. 

AUTHOR- ROS£NFELDt I.L. (EO.) CAN SSSRt MOSCCW. 
INST. FIZICHtSKCJ KH!MIIl • 

REFCR£NCf- CORROS!C~ AND METAL PROTECTION. INDIAN 
NATIONAL SCIE~T!FIC DOCUMENTATION CENTRE, NEW 
DELHI, 197?, 378 P •• TRANSLATION Of "KC~~OZIYA 
I ZASHCHITA H£TALLOV", M,OSI<VA, 1970, TRANSLATED 
FROM RUSSIAN. 

DESCRIPTORS- CORROSICN1 CORROSION INHIBITORS; 
CORROSION PROT£C1ION; CORROSICN ~ESISTA~T 
ALLOYS; PITTiNG CORROSION; ST~ESS CORROSION; 
METALS: STAINLES! STEELS; ELECTROCHEMICAL 
CORROSION: ELECT~OLYTES; SEAWATER; SULFl~IC 

ACID: NITRIC ACIC; HYOROC~LO~IC ACID; HYDROGEN 
SULFIDES! OIL WE.LLS: DRILL PIFES; COATINGS; 
POLYMER COATING~. 

232 

t<Lt<ACKA 7'+ 
B~INE TR~ATHENT/SCALING 

BRINE TREATMENT/CORROSION 

TITLE- POLYMER-CO~C~Elt COMPOSITES FOR E~E~GY 
RELATED SYSTEMS. PROGP£3S REPORT NO. 1, 
APRIL-JUNE 137~. 

AUTHOR- KUKACKA, L.~.;AUSKERN, A.;FONTANA, J. 
£BROOKHAVEN ~ATICNAL LAB., UPTON, N.Y. CUSA>. 
DlPT. OF AF~LI~C SCIENCE]. 

REFEPENCE- POLYMER-CO~CRETE COMPOSITES FOR fNtRGY 
RELATED SYST~MS. PROGRESS RE?CRT NO. it 
APR!l-JUNf 1974. BNL 19152, SRCOKHAVE~ 
NATIONAL LAa., LFTON, N.Y., 1974, INFORMAL 
Rt.PORT, 8 P •• 

DESCRIPTORS- COOLING lOWERS; GEOT~f~MAL 6RI~fS~ WELL 
CEMENTING; HAT~AIALS TfSTING: SALTON SEA 
GEOTnERMAL FIELD; COATINGS; GeYSERS: GECTHERMAL 
POWEI='. PUNTS; PCLYMER-CONCREH MATf.RIALS; 
GEOTHERMAL W~llS~ HIGH TEMPE~ATURE: DESALTING 
PLANTS; WA~TE FRCCESSING; PIFELIN~S. 
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l<l:I<ACKA 7'+8. 
BRINE TRF.ATMENTISCALING 

BRINE TREATHENTICCR~OSION 

TITLE- POLYHER•CONCRETE COMPOSITES FOR ENERGY 
RELATED SYST~MS. PROGRESS REPORT NO. 2, 
JULY-SEPTE~BF.R 1~74, 

AUTHOR- KUKACKA, L.E.;AUSKERN. A.;FCNTANA, J. 
CSROOKHAIJEN NATICNAL LAB,, UPTON, N.Y. (USA) • 
DEPT, OF APPLIED SCI~NCfl• 

REFERENCE- POLY~E~-CO~CRETE COMPOSITES FO~ ENERGY 
RELATED S'STEMS. PROGRESS REPORT NO. 2, 
JULY-SEPTEMBEk 1~74, BNL 1932'+, B~COK~AVEN 
NATIONAL LAB., LFTON, N.Y., 197'+, INFOfit'AL 
REPORT, 7 P,, 

DESCPIPTORS- ~LEVAT~C TEMPFRATURE~ EXPERIMENTAL 
RESULTS; GfOT~E~MAL gRINES: GEOTHERMAL PCWER 
PLANTS; GEOTHERMAL W£LLS; MATERIALS TESTING; 
MECHANICAL PROPE~TIES; OIL WFLLS; PIPELINES; 
POLYMERIZATICN; WASTE PROCESSING~ WELL 
CEMFNTING; POLYMER-CONCRETE MAT~RIALS; 
AUTOCLAV'=.S, 

23'+ 

I<UI<ACKA 7'+C 
BRINE TREATMENT/SCALING 

BRINE TREATMENT/CCR~OSIO~ 

TITLE- POLYMf.R-CONCRtlE COMPOSITES FOR ENERGY 
R~LATED SYSTtMS, PROGRESS REPCRT NO. 3, 
OCTOBER-DEC£~BE~ 1974. 

AUTHOR- KUKACKA, L.E.~AUSKERN, A.~FONTANA, J, 
lB~OOKHAIJEN NATICNAL LAB., UPTON, N.Y. (USA). 
DEPT. OF A?PLI~C SCIENCE1. 

REFERENCE- POLYME~-CC~CRETE COMPCSITES FC~ ENERGY 
RELATED SYST~MS. PROGRESS REFORT NO, 3, 
OCTOB~R-DEC~~B~~ 197'+, BNL 1g746, e~OO~~AVEN 
NATIONAL LAB., UFTON, N.Y., 1g74, 16 P., 

OESCRI PTORS- E ltVATSC ·TSMPERATURE; EXPEFIMENTAL 
RFSL'LTS; GEOTt-.:.O:RI-:AL B~.INfS: I:EOTHERMAL FCWER 
PLANTS; GEOTHt~~AL WELLS; HIGt- TEMPE~ATURE~ 
Mt:CHANICAL P'ROFcRTIES; OIL WELLS; PIPELINES; 
TI!-1£ OEPC~CENCE: Wt>STE PROCE~SlNGi WE:LL 
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CASINGS~ WELL CEMENTING; POLY~ER-CONCRETE 

MATERIALS; PUTOCLAVfS; G[YSEkS GLOTHFR~~L 
FIELD: THERMAL ~NALYSIS. 
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I<UI<ACKA 75 
BRINE TREATMENT/SCALING 

BRINE TREATME~T/CCRROSION 

TITLE- POLYME~-CO~CR=TE COMPOSITES FOR ENERGY 
RELATED SYSTEMS. PROGRESS REFCRT NO. 4, 
JANUARY-MARCH l9i5. 

AUTHOR- KUKACKA, L.S.~AUSKCRN, A.:FCNTANA, J. 
£BROOKHAVEN ~ATICNAL LAB., UPTON, N.Y. (USA). 
DEPT. OF APPLIEC SCIENCE}. 

REFERENCE- POLYMER-CCNCRETE CONPOSITES FCR ENERGY 
RELATED SYSTEMS. PROGRESS REPORT NO. 4, 
JANUARY-MARCH 1975. BNL 19970, BROOKHAVEN 
NATIONAL LAB., GPTON, N.Y., 1S75, 15 Pee 

DESCRIPTORS- BRINES~ CATA; ECONOMICS; ELEVA1£C 
TEMPfRATURE; EXFERIM£NTAL RESULTS; FIELC 
STUDIES: GEOTHE~~AL FIELDS~ GEOTHERMAL PCWER 
PLANTS; GEOThERMAL WELLS; HIGh TE~PERATURE; 
MATERIALS TESTlNG: MECHANICAl PROPERTIES; 
NATURAL STEAM; POLYMERIZATION: TIME CEFiNOENCE; 
WASTE DISPOSAL; WASTE MANAGE.ENT1 WASTE 
PROCESS!~G;/WELL CASINGS; WELL CEHE~T!NG; 
POLYMfR-CC~CRETE HAT~RIALS~ 'UTOCLAVES~ GEYSERS 
GEOTHERMAL FIELC: NEW MEXICO; Tt~~MAL A~ALYSIS. 

236 

Kt.iKACKA 758 
BRI~f. TREATMENT/SCALING 

BRINE TREATMENTICCR~OSION 

TITLE- POLYME?-CO~CRETE COMPOSITES FOR E~ERGY 
RELATED SYSTEM~. PROGRESS REPORT NO. 5, 
APRIL-JUNE 197 ~. 

AUTHOR- KUKACKA, LeEo1AUSKERN, A.;FONTANA, J. 
fBROOKHAVt:N NATIONAL LAB., I,;PTON, N.Y. (USAle 
DEPT. OF APPLIED SCIENCE]. 

REFERENCE- POLYM~~-CC~CRETE COMPOSITES FCR ENERGY 
RELATED SYSTEMS. PROGRESS REPORT NO. 5, 
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APRIL-JUNE 1975. BNL 2G33&, eROOKHAVE~ 
NAT I 0 NA l LA 8 • , Li P 0 N , N • Y • t 1 g 7 5 t 1 3 P • • 

DESCRIPTORS- ELEVATEC TEMPERATURE~ EXPERIMENTAL 
RESULTS: FIELD STUDIES: GEOt~ERMAL BRINES; 
GEOTHERMAL POWS" PLANTS! GEOl~ERMAL WELLS! 
MATE~IALS TESTihG; MECHANICAL PRGPEPTIES; 
NATURAL STfAM~ C!L WELLS: PIFELINES: 
POLYr1ERIZATION: TIME OEPE.NOEI\CE! WASTE 
1'1ANAGC.MENT; ~A S'!E 0 ROCfSSING: Wi.::Ll CASII\GS; 
WtLL C~H~N71Nb: POLYMER-CONC~ETE MATERIALS: 
GEYSERS GfOTrlERMAL FIELD: N~W MEXICO: 
AUTOCLAVFS: THE~MAL ANALYSIS. 

237 

I<Lt<ACKA 75C 
BRINE TREATME~T/SCALING 

BRINE TR~ATMENT/CCR~OSION 

TITLE• CONCRETE-POLYMER MATERIALS FOR GEOT~E~MAL 
APPLICATICI\Se PliCGRC:SS REFO"T NO. 6, 
JULY-SEPTEMBER 1S75. 

AUTHOR- KUKACKA, L.~.:AUSKERN, A.;FONTANA, J. 
£BROOKHAVEN NATICNAL LAB., UPTON, NeYe (USA,., 
DEPT. OF APPLI~C SCIENCE]. 

FEFER~NCE- CONCRETE-POLYMER MATERlALS FOR GEOTHER~~L 
APPLICATIO~S. P~CGRESS REPO~T NO. 6, 
JULV-SEPT~M9fR 1S75. BNL 20571, BROOKHAVEN 
NATIONAL LAB., LF1CN, N.Y., 1975, INFC~MAL 
REPORT, 15 P •• 

DESCRIPTORS- COATINGS; CORROSION ~ESISTA~T ALLOYS: 
DATA: ELtVATtD TEMPERATURE~ EXPERIMENTAL 
RESULTS~ FIELD STUDI£S: GEOTHERMAL BRINES; 
GEOTHERMAL ~NE~Gl: GEOTHERMAL POWER PLANTS: 
MATERIALS TESTING; MECHANICAL PRCPERTIES; 
NATU~AL St~AM; PERMEABILITY; PIP~LINES; 
POLYMERIZATION; TIME DEPENDENCE; WELL CASINGS; 
WELL C~M~NTING: ~AST' MESA KG~A; KLAMAT~ FALLS 
KGRA; RAFT RIVE~ XGRA; POLYMiR•CONCRETE 
MATERIALS; NEW MEXICO; !MPERlAL VALLEY; THER~AL 
ANALYSIS! PCLYMi~S~ IMPERIAL VALLEY: 
AUTOCLAVES; GEYSERS GEOTHERMAL FI~LO. 

238 
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K\Jt(ACKA 750 
BRINE TREATHEhT/SCALING 

BRINE TREATMENT/CORROSION 



TITLE- CONCRETE-POL Yrt..ER MATERIALS FOR GEOTtlfl't!AL 
APPLICATIONS. P~CGRESS RFPORT NO. 7, 
OCTOBER-DEC~MBE~ 1975. 

AUTHOR- KUKACKA, L.E.:FONTANA, J.~~ORN, W.~AMARO, J. 
£BROOKHAVEN NATICNAL LAB., UPTON, N.Y. CUSA). 
DEPT. OF APPLIE[ SCIENCE]. 

REFE~ENCE- tbNCRETE-PCLYMER MATERIALS FOR GEClHERMAL 
APPLICATIONS. P~CGRESS REPORT NO. 7, 
OCTOBER-OECE~BE~ 1975. BNL c0865, BROOKHAVEN 
NAT!ONA!. LAB., LiF.TON, N.Y., 1~75, It\FOJ;MAL 
R£PORT, 22 P. • 

DESCRIPTORS- COATING~; CORROSION: ELEVATED 
TEMPERATURE~ EXPERIMENTAL RESULTS; FIELD 
STUDIES~ GfOTH~RMAL FLUIDS: GEOTHERMAL FOWER 
PLANTS; GEOTHERMAL WELLS; MATERIALS TESTING; 
MECHANICAL PHPE~TIES; PERMEABILITY; Pti 
ADJUSTMENT; P!FtL!NfS: SCALING; SCALING 
CONTROL: WELL CASINGS: WELL CEMENTING: 
POL YMt:R-CO ~CRETE 11ATERIALS; lHERMAL ANALYSIS; 
POLYMEP.S: GEYSER~ GEOTHtRMAL FIELD: AUTCCLAVfS; 
NEW MEXICO; KLAMATH FALLS KG~A; EAST ~ESA KGRA; 
RAFT R!V•::R KGR.A. 

239 

l<l:KACKA 76 
BRI~F TREATMENT/SCALING 

BRINE TREATMeNT/CCR~OSION 

TITLE- CONCRETE-POLY~iR MATERIALS FGR GEOT~E~MAL 
APPLICATIONS. PFCGR£SS REPOR1 NO. 8, 
JANUARY-MARCH 1S76. 

AUTHOR- KUKACKA, L.E.;FONTANA, J.~HORN, W.~~MARO, J. 
{ B R 0 0 KH A V EN N A T I C N A L L A 9 • , U F T 0 N , N • Y • (U SA l • 
DEPT. OF APPLIEC SCIENCE]. 

REFERE~CE- CONCRETE•PCLYMER HATERI~LS FOR GEOTHERMAL 
APPLICATICNS. P~CGRESS REPORT NO. 8, 
JANU~RV-MARCH 1Si6. BNL 212'4, BROCKhAVtN 
NATIONAL LAB., LFTON, N.Y., 1976, INF~P~AL 
REPOPJ, 18 P •• 

DESCRIPTORS- CO~ROSICN; CORROSIO~ RESISTANT ALLOYS; 
ECONOMICS: fLECTROCHEMICAL CORROSIO~~ ELEVATED 
TEt'IPr::: RATU R.i?: FIt LD STUDIES: t:EOTI-!ERMAL FlUIDS; 
GEOTHERMAL POW~~ PLANTS: GEOTHiRMAL SYSTEMS; 
MATE~IALS TESTI~G; MECHANICAL PROPERTIES; 
NATU~AL ST:AM; F" ADJUSTMFNT; PGLYMERIZ~TION; 
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SCALING; WELL (A5INGS: WELL CEMENTING: 
POLYMER-CCNCRElE MATERIALS; POLYMERS; T~ER~Al 
ANALYSIS; GEYSER~ GEOTHERMAL FI~LO; IHPf~IAL 
VALLEY; KLAH~T~ FALLS KGRA; RAFT RIVER KGRA. 

240 

KU~ACKA 76e 
BRINE TREATMENT/SCALING 

BRINE TREATMENT/CCR~OSION 

TITLE- CONCRETE-POLYMER MATERIALS FO" GECTHE~MAL 
APPLICATIONS. P~CGRESS REPORT NC. q, AFRIL•JUNE 
1976. 

AUTHOR- KUKACKAt L.E.;FONTANA, J.;HORNt W.;AMARO, J. 
!BROOKHA~EN NATIONAL LAB., UPTON, NaYa CUSA)e 
DEPT. OF APPLI~D SCIENCE]. 

REFERENCE- CONCRETE•PCLYMER MATERIALS FOR GECTHERHAL 
APPLICATIONS. P~CGRESS REPORT NO. 9, APRIL-JUNE 
1976. BNL 216E5, BROOKHAVEN NATIONAL LAB., 
UPTO~, N.Y., 197€, INFORMAL REPORT, 20 Fee 

DESCRIPTORS· COATINGS~ CORROSION; ELEVATED 
TEMPfRATURf~ EXPERIMENTAL RESULTS; FIELD 
STUDIES; GFOTH~~~AL FLUIDS; GEOTHERMAL POWER 
PLANTS; GEOTHt~~AL SYST£MS; MECHANICAL 
PROPfRTifS~ SCAllNG! WELL CE~ENTING; 
POLYMER-CONCRETe MATERIALS~ AUTOCLAVES; GEYSERS 
GEOTHERMAL FIELC; NFW MEXICO; KLAMATH FALLS 
KGRA: RAFT RIV~" KGRA; NILAND. 

241 

_, 

AR~C~SSON 70 
BRI~E TR£ATMENT/SCALING 

BRINE TR£ATMENT/CCR~OSION 

TITLE- UNOERGROUNC TEMPERATURES IN HYOROTHE~~AL 
AREAS IN ICELA~C AS OfOUCED F~OM THE SILICA 
CONTENT OF THE THERMAL WATER. 

AUTHOR- APNORSSON, s. £IMPfQIAL COLLEGE, LCNCO~ 
(UK). APPLIED GECCHEMISTRY RESEARCH G~CUFJ. 

REFERENCE• GEOTHE~MICS, SPECIAL I5SUE 2, v. 2 (1), 
P. 5~b-S41(i97CJ. 

DESCRIPTORS• Llf.VAT£C TfMPfRATURE; GEOTHERMAL 
FIELDS: SILICA MINERALS! SOLUBILITY! C~EMICAL 
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EQUILIBRIUM: CHALCFDONY; QUA~Tz; PRECIPITATICN; 
MEASURING METHCCS: EXPERIMENTAL ~ESULTS; DEEF 
WELLS: !CELANO. 

242 

CC~INCC 70 
BRihE TREATMENT/SCALIN~ 

BRINE TREATMENT/CCR~OSION 

TITLE- THE GEOCHE~IST~Y CF THE ~IZILOERE GECTHfRMAL 
FIELD, IN THE F~AMEWORK OF T~f SARAYKOY•CENIZLI 
GEOTHERM~L AREA. 

AUTHO~- OOMINCO, S. (U.N. GEOTHER~AL ENERGY SURVEY 
OF W~STER~ ANATCLIA, ANKARA CTURKEY,J~ 

SAMILG!L, E. (MTA IN~TITUTE, ANKARA 

REFERENCE• GE07HE~MICS, SPfCIAL ISSUE 2, Ve 2 (1), 
P. 553·560(197ul. 

DESCRIPTORS· GEOCHE~ISTRY: GEOTHE~~AL FLUICS; 
GEOTHERMAL RES~~VOIPS; RESE~~CIR P~OPERTIES; 
MODERATE TEMFERAlURF; HYDROLOGY; ChEMICAL 
EQUILIBRIUM; CALCITE; CHEMICAL ANALYSIS; 
MEASURING tETHCCS: EXPERIMENTAL RESULTS; DEEP 
WELLS; KIZILOe~~ GEOTHERMAL FIELC; TURKEY. 
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ELLIS 70 
BRINE· TREATME~T/SCALING 

BRINE TREATMENT/CCR~OSION 

TITLE- QU~NTITATIVE INTERPRETATION OF CHEMICAL 
CHARACTERISTICS CF HYOPOTHERMAL SYSTE~S. 

AUTHOR- ELLIS. A.J. (((PARTMFNT OF SCIENTIFIC AND 
INDUSTRIAL RESEA~CH, PETONE lNEW ZEALANCie 
CHEMISTRY OIV.Je 

REFERENCF· GEOT~ERMICS, SPECIAL I~SUE 2, v. 2 (1), 
P. 516•528(1970). 

DESCRIPTORS· CHEMICAL EQUILIBRIUM; CHEMICAL 
REACTIONS; CHE~ICAL COMPOSITICN; CONCENTRATION 
DEPENDENCE: ELEVATED TEMPERATURE; GEOC~E~ISTRY; 
PH VALUE; GEOTHf~MAL FLUIDS1 DEEP WELLS; 
TfMPFRATURF JEPE~OENCF; CALClTE; PRECIFITATION; 
SALINITY; SULflDES. 
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HAYASHIDA 70 
8~I~E TR~ATM~~T/SCAliNf 

BRINE TR£~TMENT/CCR~OSION 

TITLE- DCVELOPM~NT CF OTAKE GECT~EF.MAL FIELC. 

AUTHOR- HtYASHIOA, T.;EZIMA, Ye (KYUSHU ELECT~IC 
POWER CO., INC., FUKUOKA (JAFAN). RES~ARCH 
OIVISIONJ. 

( 

REFfRENCE- GEOTHi~MICS, SPECIAL !~SUE 2, v. 2 (1), 
P. 238-220(1 '!701 • 

DESCR!PTO~S- GEOTH~~MAL FIELDS; G~CTHERMAL FCWER 
PLANTS; GEOTHEF.MAL RESERVOIRS; RESE~VCI~ 

PROPERTI~S~ GE (LOGY; GEOCHEMISTRY; OEEF WELLS; 
WELL CASII\GS; IIC:LL OfSIGN; WELL 1NTER'FERENCE; 
SEISMOLOGY; SCALE COMPOSITIO~: OESCALING; 
CHEMICAL COMFOSITION~ DISSOLVED GASES; FLOW 
RATE; OTAKf GECTHERMAL FIELD; JAPAN. 

245 

LINOAL 70 
BRI~E TREATMENT/SCALING 

9RINE TREATMENT/CCRROSION 

TITLE- THE PRODUCTIC~ OF CHEMICALS FROM SRINE AND 
StAWATER USING GEOTHERMAL ENE~GY. 

AUTHOR- LINDAL, a. tCCNSULTING ENGINEER, ~EYKJAVIK 

<ICELAND) l• 

REFERENCE- GEJTHfRMICS, SPECIAL I5SUE 2, Ve 2 (1), 
Po 910-9!7(1<;7(). 

DESCRIPTORS- MINS~AL ~ECOVfRY: GEOTHERMAL e~INES; 
SEAWATER; GEOTHERMAL ENlRGY; ~EYKJANES 
GEOT~ERMAL FIELC; !CELANO; CHfMICAL 
COMPOSITION: CHf.MICAL REACTICNS: ECONO~ICS. 

246 
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SMITH 70 
BRI~E TREATME~TISCALI~G 

BRINE TREATHENT/CGRROSION 
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TITLE- GEOTHERMAL OEVtLOPH~NT IN NEW ZEALAND. 

AUTHOR- SMITH, J.H. (MINISTRY OF WCRKS, WELLINGTON 
(NEW ZEALAND)). 

REFERENCE- GEOTHERMICS, SPECIAL ISSUE 2, V. 2 (1), 
P. 232-247(1970). 

DESCRIPTORS- GEOTHERMAL WELLS~ GECTHERMAL FIELDS~ 
GEOLCGY; OFEP WELLS: fLEVAlED TE~PE~AT~Rf~ CASE 
HISTORIES~ T£MFEEATURE LOGGING; WELL 
COMPLETION; W£LL HEAD PRESSU~E; SCALINf; 
DESC~LING; R~A~I~G~ SILICA Ml~ERALS; CALCITE~ 
NGAWHA G~OTH~R~tL FIELDl ORAKEIKORATO 
GEOTHeRMAL FIELD; RfPOROA GEOTHERMAL FIELD; 
ROTOKAWA GEOTHERMAL FIELD; TAUHARA GEOT~~R~AL 
FIELD; TfKOPIA fF.OTHERMAL FI~LD; BRCADl4Nn~ 
GEOTHERMAL FIELC; NEW ZEALANC. 
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WAHL 75 
BRINE TREATHEhT/SCALING 

TITLE- SCALE CEPOSITICN AND CONTRCL RESEARCf fOR 
GEOTHERMAL UTILIZATION. THE ABOVE ARTICLE HAS 
ALSO APPrAR~O IN (11 PRO~.--ZND U.N. SYHP. ON 
THE OEV. AND USE OF GEOTHERMAL RiSOURCES, SAN 
FRANCISCO, CALIF., MAY 2('-28, 1975, ANC (2) 
PP.OC.--WORKSHCF ON MATERIALS FRCBLEMS 
ASSOCIATED WITH THE OEV. OF GEOTHERMAL ENERGY 
SYSTfMS, EL C~NT~O, CALIF., MAY 16, 197S. 

AUTHOR- WAHL, E.;YEN, I.K. £GARRETT RLSfARCH ANO 
OEVfLOPM;:-t,T CO., INC., LA VERNE, CALIF. «USA)). 

REFERENCE- SCALE DEPOSITION ANO CC~TRCl ~ESE~~CH FO~ 
GEOTHERMAL UTILIZATION. GRD 75-050, GAR~ETT 
RESEARCH AND OEVfLOPHENT CO., LA VERNE, CALIF., 
HAY 1 97 5 , 15 P • • 

DESCRIPTORS- ~MCRPHCLS SC~LE: BRihES; CALCITEl 
CHCMI CAL C CMPOSI7ION; .CHEMICAL i::QUILI 8RILM: 
CHEMICAL REACT!GN KINETICS1 LXPERIMENTAL 
RESULTS; Gc~OTt-Er; ,.AL BRINf s; f"HHt.MATICAL 
MODELS; MEASURlhf HfTHODS; PH VALUE; P~ESSURE 

OEPE~DENCE; SCALE COMPOSITION! OESCALI~G; 
SCALING; SILICA ,.INERALS; SILICATES; 
TEHPERATU~E DEF~NOENCE: TIME DEPENDENCE: EAST 
HES A KGRA. 
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HONG 70 
BRINE TREATHE~T/SCALING 

BRINE TREATHENT/CCR~OSION 

TITlE- GEOTHERMAL £~ERGY AND DESALINATION--FA~TNE~S 
IN PROGR[SS • 

AUTHOR- WONG, C.M. [CFFICC OF SALINE WATER, 
WASHING T 0 N, D • C • (US A ) l • 

REFERENCE- GfOlHERHICS, SPCCIAL I~SUE 2, v. 2 (1), 
P. 892-89!(197~). 

DESCRIPTORS- CALCITE; BRINE TREAT~ENT; OESALI~ATION; 
ELEVAT~D TEMPf~ATURE: GEOTHE"~AL ENERGY; 
MINERAL OECOVER'; SCALING~ IMPERIAL VALLEY. 

249 

Af'MSTEAC 70 
BRI~E TRfATME~T/SCAL[NG 

BRINE TREAT~ENT/CCRROSION 

TITLE- UTILIZATION CF STEAM ANC HIGM ENTHALPY WAT£~ 
(FOR ELECTRIC FGW£R GENERATIC~ AND OT~E~ 

P U R P 0 St: S > • 

AUTHOR- ARMST:AC, H.C.H. 

REFERENCE- SP1:CIAL ISSUE 2, V. 1, P. l06-111U970). 

DESCRIPTORS- BINAFY FLUID SYSTEMS~ 8RINE TREATMENT; 
CORROSION; DISSOLVED GASES; GEOTHERMAL ENERGY; 
GEOTHERMAL POWER PLANTS~ HYDROGEN SULFICES; 
POLLUTION; REVIEWS; OESCALING: SCALING CONTRCL; 
TURBINES. 

25C 

A XTt1ANN 768 
8RINE TFEATMENT/SCALING 

TITLE- CHi"HICAL ASPEC'TS OF THE ENiiiRONHENTAL IMPACT -
OF Gl01H£RMAL PCWER. 
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AUTHOR- AXTMANN, P..c. (PRINCETON UNIV., N.J. <USA). 
DEPT. OF CHE~ICAL ENGINEFRING AND CENTER'FOR 
ENVIPONM~NTAL STUDIESl. 

REFERENCE- PROClECI~G~--SfCOND UNITeD NAT!C~S 
SYMPOSIUM ON THE DEVELOPMENT ~NO USE OF 
GEOTHERMAL RESGURCES. CALIFORNIA UNIV., 
LAWRfNC£ 9£RKELE' LAS., BERt<EU:Y, CALIF., 1976, 
v. 2 ' p. 1 ~2 3-13 2 7. 

DESCRIPTORS- CHEMICAl COHFOSITION: CGRROSIC~~ 
DISSOLVfO GASES; E~EMENTS; TRACE AMOUNTS; 
ENVI~ONMiNTAL EFFECTS: GEOTHERMAL FLUICS: 
GEOThERMAL POWE~ PLANTS~ HYO~CGEN SULFIDES1 
INJECTI OtJ wr::: LLS; POLLUTION; FCL YMERI ZATION; 
REVIFW$: SILICA I"'INC:Rt\LS. 

251 

~fUC BURY 7C 
BRI~E TREATMENT/SCALING 

BR!NE TREATMENTICCR~OSION 

TITLE- THE ECONOMICS <F GEOTHERMAL POWER. 

AUTHOR- BRADBURY, J.J.C. £UNITED NATIONS, NEW YORK, 
N.Y. CUSA) •. ENERGY SECTION, I'ESGURCES At\C 
TRANSPOP.T DIV.le 

REFERENCE- SPECIAL ISSUE 2, V. 1, P. 122-131<1970). 

DESCRIPTORS- R!NA~Y FLUID SYSTEMS: ECONOMICS; 
GEOTHERMAL POWER PLANTS~ PIPlliNES: POLLUTION; 
REVIEWS; WELL D~ILLING. 

252 

FACCA 70 
BRINE TREATME~T/SCALING 

BRINE TREATHENT/COR~OSION 

TITLE- THE STATUS OF WORLO GEOTHE~~AL DEVELOPMENT. 

AUTHOR- FACCA. G. 

REFERENCE- SPfCIAL JSSUE 2, V. 1, Pe 6-23(1970). 

DESCRIPTORS- BI~A~Y FLUID SYSTfMS; ECONCMICS1 
GEOTHERMAL POWER PLANTS; REVIEWS. 
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JAHE.S 70 
BRihE TREATME~T/SCALIN~ 

BPINf TREATMENT/CORFOSIO~ 

TITLE- COLLECTION ANC TRANSMISSIO~ OF GECTHE~MAL 
FLUIDS. 

AUTHOR- JAMES, R. CDEFART~fNT OF ~CIENTIFIC ANO 
INDUSTRIAL RESEARCH, TAUPO (NEW ZEALANOlJe 

REFERENCE- SP':CIAL !SSUC 2, V. 1, Pe 99-105(1970). 

DESCRIPTORS- CHEMICAL COMPOSITION~ BRINE T~EHMENT~ 
CORROSION; CORfGSION PROTECTION: DISSCLVEO 
GASES: fXPCRIME~TAL RESULTS: FLOW RATE; 
GEOT~ERMAL FLU:D~: GEOTHERMAL WELLS: HYDROGEN 
SULFIDES; PI 0 ELlNES: REVIEWS; SAFETY; 
DESCALING; SCALl~G; SILICA Ml~ERALS; TU~SINES; 
WELL DESIGN. 
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WHITE 70 
BRINE TREATME~T/SCALING 

BRINE TREATMENT/CGR~CSIO~ 

TITLF- GEOCHEMISTRY AFPLIED TO THE JISCOVERY, 
EVALUATION, AND EXPLOITATION OF G£0THER~AL 
ENERGY R~SCURCES. 

AUTHO~- WHITE, C.E. £GEOLOGICAL SU~VEY, ~ENLC PARK, 
CALIF. CUSAtJ. 

REFERENCE- SPfCIAl lSSUE z, V. 1, P. 5S-80U97Ue 

DESCRIPTORS- AMCRFHO~~ SILICA1_CALCITE; CHE~ICAL 

COMPOSITION: CHLCRIDES; ELEVATED TEMPERATURE; 
GEOC~:MIST~Y; GEOTHERMAL FLUIDS; GEOTHE~~AL 

PESEF:VOH:S; I-CAT FLOW; :rNJECliON WELLS; IRON 
OXIDES; MINC::RAL I'ECOVERY; PH ,VALUE; PIPELINES; 
PP~CIPITATlON~ ~ESERVOIR P~OPERTIES; REVIEWS; 
ROCK-FLUIC INTE~ACTIONS; SALl~ITY; SILICA 
MIN~PALS; WE~L l~TERFERENCE. 

2S5 

8AR~ES 7E 
BRI~E TREATMENT/SCALING 

TITLE- CHEMISTRY OF SILICA SCALE FORMATICN. 
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AUTHOR- BARNES, H.L.:RIMSTIOT, J.C. CPE~NSYLVANIA 
STATE UNIV., UNl\ERSITY PARK (USA). DEFT. OF 
GEOSCIENCE ~J. 

H A LL , 8 • A • ( E C • J 

REFERENCE- SFCONO WC"KSHOP ON MATE"IALS PROELEMS 
ASSOCIATED WITH THF OlVELOPME~T OF GEOTHERMAL 
ENERGY SYSTE~S. PROCEEDINGS OF THE ~ORKSHOP 
HELD MAY 16-18, 1975 AT El CENTRO, CALIFORNIA. 
GEOTHERMAL RESOURCES COUNCIL, DAVIS, C~LIF., 
1976, P. 1-13. 

DESCRIPTORS- AMORPHOU5 SILICA; CA~EONATES: CHEMICAL 
FQUILIBRIUM: Crt~ICAL REACTIGN KINETICS; 
CHEMICAL REACTICNS: CONCENTRATION OEFfNOENCE; 
CRIST08ALITE; £ISPOSAL FORMATIONS: ELEVATED 
TEMPfRATURt; EXPERIMENTAL RESULTS~ FOULING; 
GEOTHERMAL POWER PLANTS; GEOlHERHAL ~€SE~VOI~S; 
MLASURI NG ME:THOCS: MO,OERATE H MPE.RATURE; PH 
VALUf: P!FELINES: PLUGGING; FRECIPITAT!ON; 
QUARTZ; SALINITY: SCALING; SCALING CONTRGL; 
SILICA MINERALS~ SILICA CHEMISTRY; SILICA 
SOLUBILITY; SCLUEILITY; TEMFt~~TURE OEFE~OENCE. 

25E 

EISHOP 76 
3RINE TREATMfhT/SCAliNG 

TITLE- GEOTHEkMAL TSSl BY SAN OIEGC GAS ANO ELECTRIC 
co •• 

AUTHOR- B!SHO?, H.K. CSAN DIEGO GAS ANO ELECTRIC 
CO., CALIF. (US~)]. 

H A LL , B • A. ( E D • ) 

P£F~Rf.NCE- SECOND WC~KSHOP ON MATE~IALS PROELEMS 
ASSOCIATED WilH THE OEVELOPME~T OF GEOT~ERMAL 
ENERGY SYSTE~S. PROCEEDINGS OF THE WO~KSHOP 
HELD ~AY 16-18, 1975 AT EL Cf~T~J, CALIFORNIA. 
GEOTHERMAL RfSC~RCfS COUNCIL, DAVIS, CALIF., 
1g76, P. t3-67. 

OESC~IPTORS- 8INARY FLUID SYSTFMS; CHEMICAL 
COMPOSITION; CC~'OSION: DISSCLVEO GASES; 
DISSOLVfO SOLIDS: ELEVATEC T£MPERATURE1 
f.XPEr..'IHENTAL RtSULTrS: FLOW RATE; GEOTI-'E'RMAL 
BRINlS; GEOTHl~MAL POWER PLA~TS: GECTHf~~AL 
WfLLS; H~AT EXC~ANGERS~ MOCER~TE PRESSL~E~ 
PITTING CCRRCSICN: ~ESERVGIR F~OPERTIFS; 
SCALING~ SCALING CONTROL: SCRUBBERS: SILICA 
MINERALS: lMP~~lAL VALLfY! NILAND: ~E8E~ 
GEOTHERMAL FlEL£. 
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ElSHOP 7&8 
BRINE TREATMENT/COR~OSION 

TITLE- WORKSHOP 0~ CC~ROSION. 

AUTHOR- BISHOP, H.K. !SAN DIEGO GAS AND ELECT~IC 
CO., CALIF. (U~A)]. 

HALL, B.A. (E(.) 

REFERENCE- SECCNO WC~KSHOP ON MATE~IALS FROELEHS 
ASSOCIATfD WITH THE OEVELOPME~T OF GEOTHERMAL 
ENERGY SYSTEMS. PROCEEDINGS OF THE WORKSHOP 
HELD MAY 1&-18, l975 AT EL CENTRO, CALIFORNIA. 
GEOTHERMAL RESOURCES COUNCIL, DAVIS, CALIF., 
197&, P. 123-125. 

DESCRIPTORS- CHEMICAL REACTIONS~ CCRROS!CN; 
CORROSION RE SI H ANT ALLOYS; CfOTHERMAL 8RINES. 

258 
0000 76 

BRINE T~EATMENTICCR~OSION 

TITLE- CORROSION STUGIES IN THf GtYSERS GEOT~ERMAL 
STEA~ POWEP PLA~1. 

AUTHOR- DODO, F.J.;~AM, w.c. £PACIFIC GAS ANC 
ELECTRIC CO•l• 

HALL , B. A. < E C • ) 

REFERENCE- SECOND WC~KSHOP ON MATERIALS PROELEMS 
ASSOCIATlD WITH THE ~EVFLOPMEhT OF GEOT~ERMAL 
ENZRGY SYSTEMS. PROCEEDINGS OF THE WOfiKSHOP 
HELD MAY 16-18, 1975 AT EL CEH~O, CALIFORNIA. 
GEOTHERMJ':.L Rf.S(liRCES COUNCIL, DAVIS, CALIF.,) 
1976, Pe £7-99. 

DESCRIPTORS- CHEMICAL COMPOSITION; PH ADJUSTMENT~ 
CORROSI Oi~~ CORRGSION RfSISTANT ALLOYS: 
GEOTHERMAL PGWER PLANTS; HYOFOGEN SULFIDES; 
H~ASURING METHO[S; PITTING CCRROSION; STAINLfSS 
STEELS; GEYS~RS GEOTHEPMAL FlELC. 

259 
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MANON 76 
BRINe TREATMENTICCR~OSIO~ 



TITLE- CORROSION P~CBlEMS AT THE CERRO P"IETC 
GEOTHERMAL PROJECT. 

AUTHOR- MANON. A,M, (COMISION FEOf~AL OE 
ELECTRICIOAD, RfSIDfNCIA CE ESTUDIOS 
GEOTERMICOS, Mt:XICAL! B. CFA. CMfXICO) ), 

HALL, B.A. ti.:Oo) 

REFERENCE- SECOND WC"KSHOP ON MATE~IALS F~OELEMS 
ASSOCIATED WIT~ THf DEVELOPMl~T OF GEOT~iRMAl 
ENERGY SYSTEMS, PROCEEDINGS CF THE WO"KSHOP 
HELD ;~t.Y 10-18, 1CJ7S AT E.L CENTRO, CALIFORNIA, 
GEOTHERMAL RESCURCES COUNCIL, DAVIS, CALIF., 
197 6, P, f9-85, 

O£SCR!PTORS- BACTERIA; CHEMICAL CC~POSITION~ 
CHLORIDES~ CORFCS!ON: CORROSION RESISTA~T 
ALLOYS; EL~CTROCHEMICAL CORROSION: ELEVATED 
TEMP~RATURE; EROSION~ lXPE"IMENTA~ "ESULTS; 
FLOW RAT£; GiOTH~~MAL POWER FLANTS; HEAT 
EXCHANG~RS~ rlYDRCGEN SULFIDES; HlASURING 
METHODS; MODERATE PRf.SSURt; MODERATE 
TEMPERATURE; NOZZLES; PH VALLE; PITTING 
CORROSION; ST~ES~ CORROSION~ TUREINE 8LACES; 
TURBINES; WELL CASINGS; CFR~C PRIETO GfCTHER~AL 
F!ELO, 

260 

MAURER 76 
BRINE TREATMENT/CCR~OSION 

TITLE- NEW AUSTENITIC AND FERRITIC STAINLESS STEELS 
FOR GEOTHERMAL AFPLICATIONSo 

AUTHOR- MAURER, J.R. (ALLEGHENY LUCLUM STEEL CORP., 
BRACKENR:::OGE, Fl\, CUSA). RESEARCH CEt\TE"l• 

HALL , BoA, ( E C • ) 

REFERENCE- SECOND WORKSHOP ON MATERIALS PROBLEMS 
ASSOCIATED WITH THE DEYELOPMf~T OF GECT~ER~AL 
ENERGY SVSTCHSo PROCEfOINGS OF THE WOfti<SHOP 
HELD MAY ~-18, 1975 AT EL CENTRO, CALIFORNIA. 
GEOTHERMAL RESCURCES COUNCIL, OA~IS, CALIF., 
1976, _P. 105-119. 

DESCRIPTORS- ChLORICt~: CORROSION RESISTANT ALLOYS; 
CREVICE COI'ROS lCN; DESALTING PLANTS; 
EL2CTROCHiMICAL CORROSION; E~PERIMENTAL 
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RESULTS; G£0THL~I'Al POWfR PLANTS; MEASUIHNG 
METHODS: PITT!I\C CORROSION~ STAINLESS STEELS; 
STRE5S CORROSIO~; TEMPERATURe OtPENCENCE. 

261 

t~,Al:RER 76e 
BRINE TREATMENT/CCRROSION 

TITLE- WOKKSHOP ON MeTALS FABR!CATICN. 

AUTHOR- MlURE?, J.R. CALLEGHfNY LUDLUM STEEL CORP., 
BRACKENRIDGE, FA. (USA>. RESEARCH CEt\TEI<la 

HALL, B.A. (EC.> 

REFiR~NCE- SECOND WC~KSHOP ON MATl~IALS PROELEMS 
ASSOC!AT~:O WITH THE OEVELCP~Et\T C~=" GEOTHERMAL 
fNERGY SYSTEMS. PROCEEDINGS CF THE WO~KSHOP 
HELD MAY 16-18, 1975 AT EL CEI\TRO, CALIFORNIA. 
GEOTHSRMAL R~SCURC£S COUNCIL, DAVIS, CALIF., 
1976, Pe 133-13E. 

DESCRIPTORS- G~OTH~R,AL POWfR PLAI\TS1 MATERIALS 
TESTING • 

262 

NEEDHAM 768 
BRINE TREATHENT/CCRROSION 

TITLf- MATERIALS RE~EARCH AND OEV[LOPMENT P~CtRAM 
~="OR GEOTHE~MAL EI\VIRONHENTS. 

AUTHOR- NfEDHAM, P.a., JR. (BUREAU OF HINES, COLL~GE 
PARK, MO. <USAI. COLLEGE PARK METALLURfY 
RESF.ARCH CENTERl • 

HALL , 8 • A • n: 0 • ) 

REFERENCE- SECOND WCRKSHOP ON MATE~IALS PROELEMS 
ASSOCIATED WITH THE DEVELOPMENT OF GEOT~£RMAL 
ENERGY SY :TEHS. PROCt:EDING 5 CF THE; HOI'KSHOP 
HELD MAY 16-18, 1975 AT EL CE.I\TRC, CALIFORNIA. 
GEOTHERMAL RESOU"CES COUNCIL, DAVIS, CALIF., 
1976, Pa tS-62. 

OE'SCRIPTORS- BRINt.S~ CARBONATES~ Ct'EMICAL At<.ALYSIS; 
CORROSION; COR"OSION RESISTANT ALLOYS: C~EVICE 
CORROSION; DcSAL1ING PLANTS; GISSOLVEO GASES; 
ELEVATED TEMPERATURE; FIELD STUDIES~ GEOTHERMAL 
BRINfS: GEOTHERMAL POWER PLA~TS: GEOTHERMAL 
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WELLS: PITTING CCRROSION; SCALE COMPOSITION1 
SCALING: SOLUBILtTY; STRESS CORROSION; 
TEMPERATURE QEFE~DENCE: SALTON SEA GEOT~ERMAL 
FIELD: EAST ~£SA KGRA. 

263 

TITLE- WORKSHOP ON ~CALING. 

WAHL 76 
BRINE TREATMENT/SCALING 

AUTHOR- WAHL, E.F. (OCCIDENTAL RE~EARCH CORF., LA 
VERNr, CALIF. (GSA) l. 

HALL , 8 • A • (f. [ • ) 

REFERENCE- SECOND WC~KSHOP ON ~ATE~IALS FROELEMS 
ASSOCIAT~O WITH THE OEVELOP~ENT CF GEOT~ERMAL 
ENERGY SYSTEMS. PROCEEDINGS OF THE WO~KSHOP 
HELD MAY 16-18, 1975 AT EL CENTRO, CALIFORNIA. 
GEOTHERMAL RESOURCES COUNCIL, DAVIS, CALIF., 
1976, P. 121-1~2. 

DESCRIPTORS- FIELC 51UDIES; GEOTHERMAL BRINES; 
MEASURING ~1EiHOGS~ SCALING; SCALING COt..Tf;OL. 

26'+ 

\\ILSON 76C 
B~INE TREATMENT/CCRROSION 

TITLE- PRODUCTION, FAERICATION AN( USt OF TITANIUM. 

AUTHOR- WILSO~h O.H. [RfACTIVE !'1C::TALS, INC. t I\IILES,_ 
OHIO (USA)]. 

HALL. , B • A • (.; D • ) 

REFERENCE- SECOND WORKSHOP ON MATE~IALS PROELEMS 
ASSOCIATCO WITH lHE OEVELOPHl~T OF GECT~ERMAL 
ENERGY SYSTfMS. PROCE~DINGS OF THE WOR~SHOR 
HELD MAY 16-18, l97S AT EL CF.~TRC, CALIFCRNIA. 
GEOT~~RMAL RtSOU~CES COUNCIL, DAVIS, CALIF., 
1976, P. 101-10~. 

DESCRIPTORS- CORRCSICN: CORROSION RESISTANT AlLOYS. 
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AliSTiti 76 
BRI~E TREATMENT/SCALING 

BRINE TREATHENT/CCR~OSION 

TITLE- PROSPECTS FOR ADVANCES IN ENERGY CON~ERSION 
TECHNOLOGIES FO" GEOTHERMAL ENERGY DEVELOPMENT. 

AUTHOR- AUSTIN, A.L. £CALIFORNIA UNIV., LIVE~~ORE 
WSA>. LAWRENCS: LIVERMORE' LAB.). 

REFERENCE- PROCEEOI~G~--SECONO UNlTEO NATIONS 
SYMPOSIUM ON THE DEVELOPMENT AND USE Of 
GEOTHERMAL RESOURCES. CALIFORNIA UNIV., 
LAWRENCE 8ERKEL€Y LAB., BERKELEY, CAl!fet 1976, 
V. 3, P. 1925-1935. 

DESCRIPTORS- 9INA~Y FLUID SYSTEMS: ECONOMICS; 
ELEVATED T~MPE~A1URE~ FLASHI~G; FLOW ~ATE; 

GEOTHERMAL B"INES: GEOTHERMAL FIELDS; 
GEOTHERMAL POWER PLANTS; ~OO£RATE PRESSURE; 
NOZZLES; SURFACf EQUIPMENT: lHERMODY~A~IC 

PROPERTIES; TOTAL FLOW SYSTE~; TURBINES. 

(;000 768 
BRINE TREATMENTICCR~CSION 

TITLE- MATERIAL ANC CGRPOSION TESliNG AT THE GEYSERS 
GEOTHERMAL PGWE~ PLANT. 

AUTHOR- DODO, F.J.~JG~NSON, A.E.:~AM, W.C. (FACIFIC 
GAS AND iLEClRIC co~, SAN RA~CNt CALIF. lUSAt. 
DEPT. OF ENGINEERING RESEARCH). 

REFERENCE- PROCEEDI~G~--SECONO UNITED NATIONS 
SYMPOSIUM ON T~f OEVELOPMENT ANO USE OF 
GEOTHEPMAL RcSCvRCES. CALIFC~NIA UNIV., 
LAWRFNCE B~RKELt) LAB., BERKELEY, CALIF., 1976, 
V. 3, P. 1959-1gE3. 

DESCRIPTORS- ChEMICAL COMPOSitiON~ PH ADJUSTMENT; 
CORROSION; CORRGSION RES!STA~T ALLOYS; C~EVICE 
CORROSIO~; DISSOLVED GASES; EXPfRIMENT~L 
RESULTS: FIELD STUDIES; FLOW ~AT£; GEOT~ERMAL 
BR!NCS; GEOTHER~AL POWER PLANTS; HYCROGEN 
SULFIDES~ PITTI~G CORROSION; STAINLESS STEELS; 
TURBIN~ ~LACES; GEYSERS GEOTHERMAL FIELD. 
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FEI(t\ELIUS 76 
BRINE TREATMENT/SCALING 

aR!NE TREATHENT/~~ENT FLUID GISPOSAL 

TITLE- PRODUCTION OF FRESH WATER BY DESALTING 
GEOTHERMAL B~IN~~--A PILOT DESALTING PRCGRAM AT~ 
THE fAST ~ESA GEOTHERMAL FIELC, IMPERIAL 
VALL~Y, CALIFORNIA. 

AUTHOR- FEPNELIUS, h.A. (BUREAU OF RECLAMATICN, 
SOULG,EP.. CITY, Ni:V. <USA>l• 

R~FERENCC- PROCEEDING~--SfCONQ UNITED NATIONS 
SYMPOSIUM ON TH~ DEVELOPMENT AND USE Of 
GEOTHERMAL R~SOURCES. CALIFORNIA UNIV., 
LAWRLNCE BERKfLf' LAB., BERKELEY, CALIF., 1976, 
v. 3. p. 2 20 1- 2 2 il8. 

DESCRIPTORS- C~EMICAL ANALYSIS: CHEMICAL 
COMPOSITION; ~ESALTING PLANTS; ulSSOLVEC GASES~ 
DISSOLVfO SOLIJS: FLEVATED TEMPERATURE; 
FfASI9IL!TY STJClES: FLASHING: FLOW R~Tf: 
GEOlHERM~l B~INE~; GEOTHfRMAL WELLS; I~JfCTION 
WELLS; P!PtLINES: EAST MESA KGRA. 

268 

HANCK 768 
BRINE TRf.ATMfNT/CORROSIO~ 

TITLE- CORROSION RATt MONITORING AT THE GEYSERS 
GEOTHER~AL POWER PLANT. 

AUTHOR- HANCK, J.A.~~EKOKSA, G. CFACIFIC GAS ANO 
ELECTRIC Cu., SA~ RAMON, CALIF. (USA). C£PT. OF 
ENGINEERING ~ESEARCHle 

REFEPENCE- PROC~EOI~G~--SFCONO UNITED NATIO~S 
SYMPOSIU~ ON T~E JEVELOPMENT AND USE OF 
GEOTHERMAL RfSC~RCES. CALifCRNIA U~IV., 

LAWRENCE BERKELEY LAB., BfRKELEY, CALIF., 1976, 
Ve3t P. 1~79-1S8Le 

DESCRIPTORS- CATHODIC DEPOLARIZATION; CHEMICAL 
ANALYSIS: CORROSION; CORROSIC~ MONITORING: 
CORROSION RESISTANT ALLOYSl CREVICE CORROSION1 
ELECTROCHEMICAL CORROSION: tLEVATEO 
TEMPfRATURE; EROSION; FIELD ~TUDIES; FLCW RATE~ 
GEOTHERMAL BRINE~; GEOTHERMAL POWER PLANTS; 
HYDROGEN SUlFICE~; MEASURING INSTRUMENTS~ 
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M~ASURING METHCCS; MODERATE FR~SSURE; P~ VALUE; 
PITTING CCRROSICN; STAINLESS STEELS; GEYSERS 
GEOTHlRMAL FIEL£. 

LCM BARO 76 
BPI~f TREATMENT/SCALING 

TITL~- SAN DICGO GA! AND ELECTRIC COMPANY•s 
PIONEERING GE01h€RMAL TEST WC~K IN THE IMPERIAL 
VALLfY OF SOUTHi~N CAliFORNIA, USA. 

AUTHOR- LOMBARD, G.L.;NUGENT, J.M. (SAN DI~GO GAS 
AND t:LECTfUC CO., CALIF. (USA)] • 

REFERENCE- PPOCEEDI~GS--SECOND UNIT£0 NATIONS 
SYMPOSIUM ON THE DEVELOPMENT AND USE Of 
GSOTHERMAL RESOU~CES. CALIFCRNIA UNIV., 
LAWRENCE BERKELE' LAB., BERKELEY, CALIF., 1976~ 
v. 3. P. 203 1-a43. 

DESCRIPTORS- BINARY FLUID SYSTEMS; CORROSIO~ 
RESISTANT ALLOYS; DISSOLVEC GASES; DISSOLVED 
SOLIDS; FLFVATEC TEMPERATURE; EXPERIMENTAL 
RlSULTS~ FIELD SlUDIES; FLOW RATE; GEOT~ER~AL 
BRIN~S: HEAT E)CHANGERS~ MODERATE PRESSU~E~ 

PIPELINES; SALI~ITY; SCALE CCMPOSITION; 
OESCALING~ SCALING: SCRUBBERS; NILANO. 

270 

LO~fNSEN 76 
BRI~E T~EATMENT/SCALING 

BRIN£ TREAT~ENT/CCRROSION 

TITLE- POLYMERIC ANC COMPOSITE MATERIALS FOR USE IN 
SYSTFMS UTILIZING HOT, FLOWING GEOTHER~Al 
BRINE. 

AUTHOR- LORENSEN, L.E.:WALKUP, C.t'.HtONES, feTe 
(CALIFORNIA UNIV., LIVERMORC: (USA>. LAW~ENCE 

L I V E: R MO RE. LA 8 • 1 • 

REFERENCE- PROCEEOI~GS--SECONO UNITED NATIONS 
SYMPOSIUM ON T~E DEVELOPMENT AND USE OF 
GEOTHERMAL RESOvRCES. CALIFORNIA UNIV., 
LAWRENCE BERKELE~ LAB., BERKELEY, CALIF., 1976, 
V. 3, P. 1725-1731. 
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DESCRIPTORS- ELEVATED TEMPERATURE~ EROSION~ 
EXPERIMENTAL PESULTS~ FIELD STUDIES; GEOTHERMAL 
BRIN~S; ~ATERIAL! TESTING; NOZZLES; SCALING; 
STAINLESS STEtLS; TOTAL FLOW SYSTEM. 
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MATHIAS 76 
BRI~E TREATME~TISCALING 

- BR lf',;E TREAT ME NT /SFENT FlUIO 0 ISPOSAL 

TITLE- THf MESA GlOT~~RMAL FIELD--~ FRELIMINARY 
EVALUATION OF Fl~E GEOTHERMAL WiLLS. 

AUTHOR- MATHIAS, K.E. [BUREAU OF RECLAMATION, 
BOULCER CITY, NEV. <USA)]. 

REFERENCE- PROCEECI~GS--SfCONO UNlT~D NATIONS 
SYMPOSIUM ON THE OEVfLOPMENT ANC USE OF 
GEOTHERMAL R£SOLRCES. CALIFCRNIA UNIV., 
LAWRfNC( 8£RKEL~Y LAB., BERKELEY, CALIF., 1976, 
Ve 3, P. 17~1-17~7. 

DESCRIPTORS- CHFMICAL COMPOSITION; BRINE TPEATMENT~ 
DESALTING PLANT~~ FLEVATEO TEMPERATURE; FLOW 
RATE: GEOTHERMAL FifLOS; GEOlHERMAL WELLS; 
INJECTION WELLS; MEASURING INSTRUMENTS; 
MODEP.ATF PRESSU" E; MONIT'ORI NG ~ PRZSSURE 
DECLIN~; SCALI~G; WELL CASINGS; WELL 
COMPLETION; EAS1 MESA KGRA. 

272 

TCLIVIA 76 
BRINE TREATMENT/CCR~OSION 

TITLE- CORROSIO~ OF TURBINE MATERIALS IN.GECThERMAL 
STEAM ENVIRONH~hl IN C~RRO P~IETO, MEXICO. 

AUTHOR- TOLIVIA, ~.~. [FEDERAL ELECTRICITY 
COMMISSION, MEXICO, O.F. <MEXICO)]. 

HOASH!, J.;M!,AZAKI, Me ClCKYO SHIB~L~A 
ELECTRIC CO., LTD., YOKOHAMA (JAPAN)). 

~EFER~NCE- PROCfECI~GS--SfCOND UNlTED NATIONS 
SYHPCSIU~ ON T~E OFVELOPMENT AND USE Of 
G~OT~ERHAL RESCUFCES. CALIFC~N!A UNIV., 
LAWRENCE BERKELEY LAB., BERK~LEY, CALIF., 1976, 
v • 3 • p •. 181 5-18 2 Q • 
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DESCRIPTORS- C~EMICAL COMPOSITION; CORROSION; 
CORROSION RESISTANT ALLOYS; CREVICE COR~OSION; 
ELEVATED TEMPERATURE; EROSION; FIELD STUDIES; 
FLOW RATE: GEOTnERHAL BRINES; GEOTHER~Al POWfR 
PLANTS: MATERIALS TESTING; MEASURING METHODS; 
MODERATE PRESSURE; PITTING CCRROSION; STAINLESS 
STEELS; STRESS CORROSION: TIME OEPENCENCE~ 
TURBINES; CERRO PRIETO GfOTHERHAL FIELC. 

273 

VIOES 76 
BRI~E TREATMENT/~FENT FLUIC CISPOSAL 

TITLE- RECENT STUDIES OF THE AHUACHAPAN GEOT~ERHAL 
FIELD. 

AUTHOR- VID~S. A. (CO~SULTORA TECNICA S.A., SAN 
SALV~DO~ <EL SAL\AOORlJ. 

·REFERENCE- PROCEECI~GS--SECOND UNITED NATIONS 
SYMPOSIUM ON TH~ OEVtLOPMENT ANO USE OF 
GEOTHERMAL RESOURCES. CALIFORNIA UNIV., 
LAWRENCE BERKEL£' LAB., BERKELEY, CALIF., 1976, 
V. 3, P. 1851-1854 •. 

DESCRIPTORS- CHEMICAL COMPOSITION: DEEP WELLS~ FLCW 
RATE: GEOCHE~ISTRY; GEOLOGY; GEOTHERMAL FIELCS: 
GEOTHERMAL RESE~VOIRS; GEOTHER~AL WELLS1 
INJECTION WELLS: MODERATE PRESSURE; MODERATE 
TEHPFRATURE1 RES~RVOIR PROPERTIES; WASTE 
DISPOSAL~ WA~TE WATER; WELL CASINGS; WELL 
CHARACTERISTICS; AHUACHAPAN GEOTHERMAL FIELD. 

274 

YASUTAKE 76 
BRINE TREATMENT/SCALING 

BRINE TREATMENT/CORROSION 

TITLE- RESULTS ANG I~PROVEMfNTS OF WATER TREATMENT 
IN THE COOLING ~ATf.R SYSTEM CF OTAKE GECTHERMAL 
POWER PLANT • 

AUTHOR- YASUTAKE, H. {KYUSHU ELEClRIC POWER CO., 
INC~, OITA (JAPAN). OTAKE'GECTHERHAL PCWER 
PLANTJ. 

HIRASHIMA, M. (KYUSHU ELECTRIC POWER COet 
INC~.FUKUOKA (JAPAN). RESEARC~ OEPTele 
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REFERENCE· PR1CfEGINGS--S£CONO UNITED NATIC~S 
SYMPOSIUM ON TH~ DEVELOPMENT ~NO USE OF 
GEOTH~RMAL RESOURCES. CALIFC~NIA UNIV., 
LAWRENCE BERKELEY LAB., BERKELEY, CALIF., 1976, 
V. 3, P. 1871-1877. 

DESC~IPTORS- CHEMICAL ANALYSIS~ C~E~ICAL REACTIONS; 
BRINE TR~ATM~NT: COOLING TOWE~S; CO~ROSION; 

CORROSION PROT~CliON~ CORROSICN INhl9ITC~S; 
CORRCSIOI\l RESISTANT ALLOYS: CREVICE CO!(RCSIOt\; 
DISSOLVED GASES; EROSION: GEOTHERMAL PC~f.R 
PLANTS; HYDROGi:lli SULFIDES; MATERIALS TESTING; 
PH V~LUE: SCALE COMPOSITION; SCALING; CTAKE 
GEOTHERMAL FIELD. 

275 

EARNES 75 
BRINE TREATMENT/SCAliNG 

8RINE TREATMENT/CORROSION 

TITLE· CORROSION AND SCALING. 

AUTHOR- BARNES, H~L. [PENNSYLVANIA STATE UNIV., 
UN I V ~ RS IT Y PARK , P A • (US A ) • G £ P T • 0 F 
GEOSCIENCES) • 

HALL , B • A it ( € 0 • ) 

REFERENCE- MATERIALS FROBLEMS ASSCCIATEC WIT~ THE 
DEVELOPMlNT OF GF.OTHERMAL ENERGY RESOU~CfS. 
GEOTHERMAL RESOU~CES COUNCIL, DAVIS, CAliF., 
MAY 1975, P. 29-31. 

DESCRIPTORS-. AMORPHOIS SILICA; CHLORIDES: CO~ROSION: 
CORROSION Rf.~ISJANT ALlOYS; GEOThER~Al ERINES; 
HIGH PRESSURE; ~lGH TEMPERATURE: HYO~OGEN 
SULFIDES: IO~IC STRENGTH; MATERIALS T~STING; PH 
AOJUSTMENT1 PH VALUE: QUARTZ; SCALING; SILICA 
MINERALS! SOLUBILITY; STAINLESS STEELS; STRESS 
CORROSION: SULFIDES: TEMPERATURE DEPENDENCE. 

276 

SE"THELOT 75 
BRINE TREATMENT/SCALING 

BRINE TREATMENT/COR~OSION 

TITLE- SALTON SEA G~ClHERHAL FIELD. 
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AUTHOR- BFRTHF.LOT, s.w. [PHILLIPS FETROLEUM CO., DEL 
Ml\R, CALIF. <US~>J. 

HALL , B • A • c:: C.) 

R~FERENCE- MA~E~IAL! FRCBLEMS ASSOCIATED WIT~ THE 
O~VELOPMLNT CF Gi:.OTHERf'lAL ENERGY RE.SOU~CES. 
GECT~ERMftL R~SCU~CFS COUNCIL, DAVIS, C~LlFot 
MAY 1975, ~. l.~-13. 

DESCRIPTORS- AMORPHC~S SILICA: BRI~~ TRf.AT~E~T~ 
COKRCSIOt~ Ri=.:SISTANT ALLOYS; ELEVATED 
TEMPERATURE: GEGlHEPMAL BRINES; GEGTHE~M~L 

FIELDS; MATERIALS TESTING; MCDERATE PRESSURE; 
PH AOJUSTHF~n FH VALUE~ QUAHZ: SCALf 
COMPOSITION; GESCALING; SCALING; SILICA 
MINERALS: SOLU3ILITY; WELL CASINGS; SALTCN SEA 
GEOTHERMAL FIEU. 
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EISHOf 75 
BRINF TREATME~TISCAliNG 

BRINE TREATMENT/CCR~OSIO~ 

TITLE- SALTON SEA G~C1HERMAL F!ELCe 

AUTHOR- BISHOP, H.K. £SAN DIEGO GAS AND ELECT~IC 
CO., CALIF. lUSA)], 

H ~, LL , 3 • A • ( E C • ) 

REFER~NCE- HATE~IAL~ FR08LEHS ASSOCIATED WIT~ THE 
DEVELOPMENT CF GEOTHERMAL ENE~GY RESOURCES. 
GEOT~ERMAL R~SOtRCES COUNCIL, DAVIS, CALIF., 
MAY 1975, P. 14•15. 

DESCRIPTORS- BINA~Y FLUID SYSTEMS; BRINE TREATMENT~ 
CORROSION.: DISSCLVEO GASES; ELEVATED 
TEMPERATURE: FlfLD STUDIES: FLCW RATE; 
GEOTHERMAL 9RitES: HEAT EXCHA~GERS:~HYCROGEN 
SULFIDES: INJECTION WELLS~ MODfRATE PRESSURE~ 
PH ADJUSTMeNT; FIPELINES~ REAMING; SALI~ITY; 
SCALE COMPOSITlCN; OFSCALING; SCALING; SILICA 
M!Nf~ALS: STAI~LESS STEELS: SALTON SEA 
GEOTHERMAl FIELG. 
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CRAMER 75 
BRINE TREATMENT/SCAliNG 

BRINE TRfATHENT/CCRROSION 

TITLE- CORROSION ANC ~CALING. 

AUTHOR- CRAMER. s.o.;CARTERt J.P.;NEECHAM, F.e., JR. 
[BUREAU OF MINSS, COLLEGE PA~K, MD. (US~). 

COLLEG~ PARK METALLURGY RESEARCH CENTERle 

H ~. LL , B • A • ( E C • ) 

REFERENCE- MATERIALS FROBLfMS ASSOCIATEC WIT~ THE 
DEVELOPMENT OF GEOTHERMAL ENERGY ~ESOURCES. 
GEOTHERMAL RESC~RCES COUNClL, DAVIS, CALIF., 
MAY 1975, Pe 20•'8• 

DESCRIPTORS- CORROSION~ CORROSION RESISTANT ALLOYS; 
CREVICE CORROSlCN~ DISSOLVED GASES: CISSOLVEO 
SOLIDS; ELEVAT~C TEMPERATURE: GEOTHERMAL 
BRINES; MATERIALS TESTING: MODERATE PRESSURE; 
PH VALUE: PITTI~G CORROSION: SALTING-OUT 
EFFECT; SCALING; SOLUBILITY: STAINLESS STEELS; 
STRESS CORROSIC~: TEMPERATUR~ OEFENOENCE1 
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HUTCI"INSON 75 
BRINE TREATMENT/SCAliNG 

BRINE TREAT~ENTICCRRCSION 

TITLE- HATCRIALS AND EQUIPMENT. 

AUTHOR- HUTCHINSON, A.J.L.r {8fN HCLT CO., PASADENA, 
CALIF. (USA)]. 

H A LL , 8 • A • ( E C ;, ) 

~EFERENCE- MATERIAL~ FROBLEHS ASSCCIATEC WIT~ THE 
DEVELOPM~NT CF GEOTHE~HAL ENERGY R£SOURCES. 
GlOTHERHAL RESO~RCES COUNCIL, DAVIS, CALIF., 
MAY 197~. o. 36. 

DESCRIPTORS- FLASHING: FLOW RATE: G~OTHERMAL BRINES; 
GEOTHERMAL FIELCS; HATE~IALS lESTING; ~CDERATE 
PRESSURE! PIPELINES; SALTING-CUT EFFECT; 
SCALING: SCRUBEERS; SILICA MINERALS: SILICA 
SOLU~ILIT1; NILA~O. 
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KUHADA 75 
BRI~E TREATMEhT/SCALING 

BRINE TREATMENT/CCRROSIO~ 

TITLE• KIZILOERE (TURKEY) GEOTHER~~L FIELC. 

AUTHOR• KUWADA, J.T. £ROGERS E~GINEERING CO., INC •• 
SAN FRANCISCO, CALIF. (USA)Je 

HALL, B.A. <ED.) 

REF~RENC£- MATERIAL! FROBLEHS ASSCCIATEC WITH THE 
DEVELOPMENT CF GEOTHERMAL CNERGY RESOURCES. 
GEOTHERMAL R~SOuRCES COUNCIL, DAviS, CALIF., 
MAY 1975, P. 18•19. 

DESCRIPTORS· CALCITE~ CARBONATES: CORROSION~ 
DISSOLVED SOLID:; ELEVATED TEMP~RATURE~ FIELC 
STUDI~S: FLOW RATE: GEOTHERMAL BRINES; 
GEOTHERMAL FIELCS; GEOT~ERMAL WELLS~ HE~T 
EXCH~NGE~S; HEAT TRANSFER; PRECIPITATION; 
REAMING; SCALI~G: STAINLESS ~TEELS; STRESS 
CORROSION; KIZILDERE GEOTHERMAL FIELO: TURKEY. 
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MARSH 758 
BRI~E TREATHE~T/SCALING 

BRINE TREATMENl/CCR~OSION 

TITLE· SALTON SEA GEOTHERMAL FIELD. 

AUTHOR- MARSH, G.A. {UNION OIL CO. OF CALIF., BREA 
(USA). R~SlA~CH CENTER]. 

HALL, B.A. (E(.) 

REFERENCE• MATE~IAL~ FROBLEMS ASSCCIATED WITH THE 
OEVELOPM~NT OF GEOTHERMAL ENE~GY RfSOURCESe 
GEOTHERMAL RESOU~CES COUNCIL, DAVIS, C~LIF., 

MAY 1975, P. 1C•11. 

DESCRIPTOR~- AMCRPHO~S SILICA: CHLCRIDES; CC~fOSION; 
CORROSION R~SISTANT ALLOY~; ELEVATED 
TEMPfRATURE: GEClH~RMAL BRINES; GEOTHERMAL 
WELLS: IRON OX!CES: MATERIAL~ TESTING; ~COERATE 
PRESSURE: PITTING CORROSION; SCALING~ 
TEMP~RATURE CEFE~DENCE; SALTO~ SEA GEOTfERMAL 
FIELD. 
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REED 75 
BRI~E TREATMENT/SCALING 

BRINE TREATMENTICCR~OSION 

TIT,LE- SALTON SFA CClHERMAL FIELO. 

AUTHOR- R~EJ, M.J. (GEOLOGICAL SURVeY, MENLO FARK, 
CALIF. WSA)l• · 

H A LL , 8 • A • ( !: C • ) 

REFERENCE- MATERIALS FROBLEMS ASSCCIATEC WIT~ THE 
OEVFLOPM~NT OF GEOTHERMAL ENLRGY RESOURCES. 
GEOTHERMAL R~SOuRC~S COUNCIL, DAVIS, CALIF., 

- MAY 1975, P. 8-9. 

DESCRIPTORS- AMORPHC~S SILICA; CHE~ICAL ~EACTION 
KINETICS; CHLO~IDES! CORROSION! CORROSION 
RESISTAN! AL~OYS; C~EVICE COFROSION; DISSOLVED 
SOLIDS~ ~LrVATSC TfMPEPATURE; FLCW ~AT~; 
GEOTHEPH~L 3R!t't: ~; GLOiHlRMAL FIEL.OS; SCALING; 
SILICA MINERALS; SILICA SOLUBILITY; SULFIDES; 
SALTON SZA GEOlHERMAL FifLD. 
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REED 758 
BRI~E TREAT~ENT/SCALING 

BRIN~ TREATMENT/CORROSION 

TITLE- COPROS!ON ANC ~CALING. 

AUTHOR- REED, M.J. (GEOLOGICAL SURVEY, MENLC PARK, 
CALIF. CUSAJJ. 

HALL , B • A • ( E C. ) 

REFERENCE- HATE~IALS FROBLE~S ASSCCIATEC W!lh THE 
OEVELOPM€NT CF GEOTHER~AL EN£RGY RESOURCES. 
GEOTHERMAL RESOLRCES COUNCIL, OAVIS, CALIF., 
HAY 1975, P. 32-33. 

DESCRIPTORS- CALCITE; BRINE TREAT~ENT; CHLORIDES; 
DISSOLV[J SOLIDS; EL~VATEO TE~PERATU~F.; 

GEOTHERMAL BRI~es; GEOTHERMAL FIELDS; MEASURING 
INSTRUMENTS; PH ADJUSTMENT; REAMl~G; SCALING 
CONTROL; SILICA ~INERALS; CERRO PRIETO 
GEOTHERMAL FIELC. 
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SCHREMP 75 
BRI~E T~EATME~T/SCALING 

BRINE T~E~TMENT/CCRROSION 

TITLE- HEBER GEOTHERMAL FIELD~ 

AUTHOR- SCHREMP, F.W. (CHEVRON Oil FIELD RESEARCH 
CO., LA HABRA, CALIF. lUSAlJ. 

HALL , 8 • A. ( l.: 0 • l 

REF£RENCC.- ~A;£~IALS PROBLEMS ASSCCIAIEC WIT~ THE 
O~VELOPM~NT OF EiOTHERMAL ENE~GY RESOURCES. 
GEOTHERMAL R£SCURCES COUNCIL, DAVIS, CALIF., 
MAY 197S, P. ~6-17. 

DESCRIPTORS• CARBONATES; BR!N£ TREATMi:.NT; CCJ\ROSION; 
DISSOLVED SCLIJS: ELEVATED TE"PERATURE~ 
GEOTHERM~L BRI~:S; GEOTHERMAL FIELDS: 
GEOTHERMAL WELLS: HEAT EXCHA~GERS: INJECTION 
W£LLS: MATERIALS TFSTING; MEASURING 
INSTRUMfN"l'S: PITT !NG CORROSION; SCALING: 
SULFIDES: HiEBER GEOTHERMAL FIELD. 
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SNCGGRASS 75 
BRIN£ TR£ATME~T/SCALING 

BRINE TREATMENT/CCRROSION 

TITLE- MATCRIALS A~D ~QUIPHfNT. 

AUTHOR- SNODGRASS, J.S. £RfYNOLOS ~ETALS CO., 
R. I C H M ON 0 , V t. • ( l SA ) 1 • 

ANu~RSON, o.a. £INTERNATICNAL NICKEL CO., 
I N C • , NEW '10 R K ( US A ) 1 • 

HODGE, F. G. !CABOT CORP., KOKOMO, INC. 
lUSt.). ST[U.ITE C!Ve1• 

KOMP, M.E. £UNITED STATES STEEL CORF., 
HONROEV!LLE, PA. lUSA). APPLIED RESEARC~ LABel• 

FPANSON, I. £AIP.CO VACUUM ~ETALS, LEETSDALE, 
PA. (US A) J. 

HALL , 8 • A • n: G • ) 

REF~RENCE- MAT€RIALS FROBLEMS ASSOCIATED WITH THE 
DEVELOPMENT OF GEOTHERMAL ENERGY RESOURCES. 
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GEOTHERMAL RESOURCES COUNCIL, DAVIS, C~LIF., 
MAY 1975, P. 3~·35. 

DESCRIPTORS- CHLORICE!; CORROSION; CORRGSION 
RESISTAN1 ALLOYS; GEOTHERMAL BRINES: PITTING 
CORRGSION; SCALING; STAINLESS STEELS1 STRESS 
CORROSION. 
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VETTER 768 
BRtNE TREATMENT/SCALING 

TITLE- OILFIELD SCALE - CAN WE HA~DLE IT • 

AUTHOR- ViTTERt O.J. (CONSULTANT, LAGUNA BEAC~, 
CALIF. lUSA) 1. 

REFERENCE- J. PET. TE<HNOL., v. 28, P. 1402-1408(0£C 
1976). 

DESCRIPTORS- ACIDIZATION~ BARIUM SULFATES: CALCITE; 
CALCIUM SULFATES; CARBONATES; CHEMICAL 
COMPATIBILITY~ BRINE TREATMENT; CONCENTRATION 
OEPE~DENCE; TEMFERATURF DEPE~DENCE: ELEVATED 
TEMPCRATUFE; OILFIELD BRINES; PH DEPENCENCE; 
PRFC!PITATION; P~ESSURE DEPE~CENCE; REAMING~ 
DESCALING; SCALING; SCALING CONTROL; SCLUBILITY. 
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~ATCt: 70 
BRI~E TREATMENT/SCALING 

TITLE- SC~Lf pONT~OL IN HIGH TfMPERATURE 
DISTILLATION UTILIZING FLUIDIZED BEC ~EAT 
EXCHANGt:P_S. 

AUTHOR- HATCH. L.P. ~\\ETH, G.G. ( B~OOKHAVEN t.ATICNAL 
L A 8 • , U PT C N , N • Y • (US A ) l • 

REF~RENCE- OFFIC~ OF SALINE WATER, WASHINGTO~, D.c., 
JUL 197C, 61 P •• 

DESCRIPTORS- SC4LING CONTROL~ FLUIDIZED EEC ~EAT 
EXCHANGER; ELEVA1ED TEMPERATL~E; HEAT T~ANSFER 

COEFFICICNT: McA~URING MtTHCCS; EXPE~!~ENTAL 
RESULTS; EROS!CN; HEAT EXCHA~GERS; 
DC.SALINAT!ON; CALCIUM SULFATES; PRECIPITATION. 
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BUSH 73 
BRINE TREATMENTICOR~OSION 

TITLE- CONTROLLING CC~RCSION IN PET~OLEUH O~ILLJNG 
AND IN PACKER FLUIDS. 

AUTHOR- BUSH, H.~. {~AT!ONAL LfAO CO., HOUSTC~, TEX. 
(USA>. 8AROIO DIVele 

NATHAN, c.c. (C:Oel tBETZ LABS., INC., 
P HI Lt. DE L PH! A , ? A • W SA ) l • 

REF~RENCE- CORROSION INHIBITORS. NATIONAl 
ASSOCIAT:ON CF CCRROSION tNGlNEERS, HOUSTON, 
T EX • , 1 q7 ~, P • 1 0 2-113 • 

DESCRIPTORS- CORROSICN PROTECTION; OIL DRILLING; 
PiTROLEUM INOUST~Y; DRILLING FLU!OS; CRILL 
STRINGS: CORROSl(N INHIBITORS: OXYGEN CCRROSIONe 

289 

IJUNLOP 73 
BRINE TREATMENTICCRROSIO~ 

TITLf- CORROSION INHlqiTION IN SECCNDA~Y RECOVERY. 

AUTHOR- DUNLOP, A.K. [SHELL DEVELOPMENT CO., 
HOUSTON, TEX. (USA)]. 

NATHAN, C.C. (ED.l £8ETZ LJIBS., INC., 
P HI L A DE L P tii A , fA • W SA ) 1 • 

REFt:RE NCE- CORROSION lNHIBITORS. NATIONAL 
ASSOCIATION CF CCRROSION ENGINEE~S, HOUSTON, 
TEX., 1q73, Pe 76-88. 

O£SCR!PTORS• CORROSICN PROTECTION; OXYGEN 
SCAVENGING: CO~ACSICN INHIBITORS; OIL ~ELLS; 
ENHANCED F<ECOVC:RY: OXYGEN COI'RCSION. 

29G 

GA~DNER 73 
BRINE TREATMENT/CCR~OSION 

TITLE- INHIBIYORS I~ ACID SYSTEMS. 
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AUTHO~- GARON£R, G. (CORROSION SP~CIALIST, ELKINS, 
PA. (USA)]. 

NATHAN, c.c. <EO.l £B~TZ l~BS., INC., 
PHILADELPHIA, PA. (USA)]. 

REFERENCE- CO~ROS!CN INHIBITORS. NATIONAL 
ASSOCIATIO~ CF CGRROSION tNGlNEERS, HOUSTON,~ 

TEX., 1973, P. 156-172. 

DESCRIPTORS- CORROSlCN PROTf.CT!ON; CORROSIC~ 
INHIBITORS: AC!ClZATION. 
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.,AHNER 73 
BRINE TREATMENT/CCRFOSION 

TITLE- SCOPE AND lMPG~TANCE OF INHIBITOR TECHNOLOGY. 

AUTHOR- HAMNER• N.E. {NATIONAL ASSCCIATICN CF 
CORROSION fNGINfERSt HOUSTON, TEX. (USA)]. 

NATHAN, C.C. <EO.) (Bf:TZ LABS., INC., 
PHILAOCLPHIA, FA. <USAtl• 

REFERENCE- CORROSION INHIBITORS. NATIONAL 
ASSOCIATION OF CCRROSION ENGlN~ERS, HOUSTON, 
TEX., 1'973, Pe 1-6. 

DESCRIPTORS- CORROSICN PROTECTION; CORROSION 
INHIBITORS~ MElALS: ALLOYS. 
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HAf'lNER 738 
BRINE TREATMENT/CORROSION 

TITLF- INHIBITORS IN CRGANIC COATl~GS. 

AUTHOR- HAMNER, N.E. {NATIONAL ASSOCIATION CF 
CORROSION ENGINEERS, HOUSTON, TEX. (USA)]. 

NATHAN9 C.C. <ED.t (B£TZ LABS.,- INC., 
PHILAOfLDHIAt FA. (USA>l• 

REFERENCE- CORROSION lNHIBITORSe NATIONAL 
ASSOCIATION OF CCP.ROSION ENGl~E~RS, HOUSTON, 
TEX., 1<373, Pe 190-1<35. 
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DESCRIPTORS- CORROSlCN PROTECTION; CORRCSIO~ 
INHIBITORS: SURFACE COATING; ~OOITIVES~ ORGANIC 
COMPOUNDS a 

293 

HAMNER 73C 
BRINE TREATMENT/COR~OSION 

TITLE- APPLICATIO~S CF INHIBITORS IN MISCELLANEOUS 
ENVIRON W"NTS. 

AUTHOR- HAMNE~, N.f. (NATIONAL ASSOCIATION CF 
CORROSION ENGINEERS, HOUSTON, TEX. WSA~l. 

NATHAN, c.c. <EO.I (BfTZ lABS., INC., 
P!-4ILADEL 0 HIA, P.A. (USA) J. 

REFERENC~- CORROSION INHIBITORS. NATIONAL 
ASSOCIATION OF CCRROSION fNGlNEERS, HOUSTON, 
TEX., 1973, ?. 2S1-26G. 

DESCRIPTORS- CO~RGSICN PROTECTION; CORROSION 
INHIBITORS. 

294 

tiATCf-1 73 
BRINE TREATMENT/COR~OSION 

TITLE- INHIBITORS FJR POTABLE WATE~. 

AUTHOR- HATCH, G.B. [CALGON CORP., PITTSEURGH, PA. 
<USA) 1. 

NATHAN, C.C. (EO.> [BETZ LABS., INC., 
PH I l A DE L P H ! A , P A • (US A ) l • 

REFERENCE- CORROSION INHI9ITORS. NATIONAL 
ASSOCIATION CF CCRROSION ENGlNEERS, HOUSTON, 
TEX., 1q73, ?. 114•125. 

DESCRIPTORS- CORROSION PROTECTION; CORROSION 
INHIBITORS~ ORII\KING WATER~ l>nER POLLUTION. 
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hATCH 738 
BRINE TREATMENT/CGR~OSION 

TITLE• INHIBITICN OF COOLING WATER. 

AUTHOR· HATCH, G.~. (CALGON CORP., PITTSBURGh, PA. 
(USA)l. 

NATHAN, c.c; <ED.) (BETZ LABS., INC., 
PHILADELPHIA, PA • (USA) 1 • 

REFERENCE• CORROSION INHIBITORS. NATIONAL 
ASSOCIATION OF CCRROS!ON ENGlNEERS, HOLSTON, 
TEX., 1973, P. 126-147. 

DESC~IPTORS- CORROSICN PROTECTION~ CORROSION 
INHIBOTORS; COCLlNG SYSTEMS. 
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KNAACK 73 
BRINE TREATMENT/CCRROSION 

TITLE- INHIBITORS FO~ TEMPORARY P~CTECTION. 

ALTHOR- K~AACK, O.F.;BROOKS, o. {E.F. HOUGHTC~ CO., 
P HI U. DE L P H ! A , FA • ( U SA ) 1 • 

NATHAN, C.C. <fD.> {BETZ LABS., INC., 
PHilt.OfLPHIA, FA. (USA>l. 

REFERENCE- CORROSION INHIBITORS. NATIONAL 
ASSOCIATION CF CCRROSION ENGlNEcRS, HOUSTON, 
TEX., 1973, P. 220•227. 

DESCRIPTORS- CCRROSICN PROTECTION; CORRCSION 
INHIBITORS~ ~OATlNGS; PAINTS. 

297 

f'I.ETCALF 73 
BRINE TRtATME~T/CORROSION 

TITLE- IN~IBI•ION A~C CORROSION CC~TROL PRACTICES 
FOR BOIL~R WATERS. 
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AUTHOR- HfTCALF, Jehe {BETZ LABS., TREVOSE, FAe 
WSA>l• 

NATHANt c.c. <ED.) £BETZ LABS., INC., 
PHILADELPHIA, PA. (USAll• 

REFERENCE- CORROSION INHIBITORS. NATIONAL 
ASSOCIATION CF CCRROSION ENGlNEERS, HOUSTON, 
TEX., 1973, P. 196-219. 

DESCRIPTORS- CCRRCSICN PROTECTION; CORROSION 
INHIBITORS~ BOILERS. 
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N~THAN 73C 
BRINE TREATMENT/CORROSION 

TITLE- CONTROL OF I~TERNAL CORROSICN CF PIPELINES 
CARRYING CRUDE C!L. 

AUTHOR- NATHAN, C~C. <ED.) [ BETZ LJIBS., INC., 
P H I LA Dt: L 0 HI A , FA • (U S A ) 1 • 

REFERENCE- CORROSION lNHIBITORS. NATIONAL 
ASSOCIATION OF CORROSION ENGINEERS, HOLSTON, 
TEX., 1973, P. 95. 

DESCRIPTOkS- CORROSICN PROTECTION; PIPELINES. 

299 

NATHAN 73 
BRINE TREATMENT/CORROSION 

TITLE- CORROSION INHIBITORS IN REfiNE~!ES ANO 
PETROCHEMICAL FlANTS--PART 1. 

AUTHOR- NATHAN, c.c. (~0,) £BETZ LA3S., INC., 
P H I LA DE-: L P HI A , P A • ( U S A ) 1 • 

REFEFENCF- CO!;fWSION lNH IB!TORS. NATIONAL 
ASSOCIATICN CF CORROSION ENGINEfRS, HOLSTON, 
TE.X., 1973. ?. 42•54. 

DESCRIPTORS- CGRROSICN PROTECTION; CORRCSION 
INHIBITORS: FETRCLEUM INOUST~Y. 
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tiATHAN 738 
BRINE TREATMENT/CCRPOSION 

TITLE- CO~ROSION IN~!BITORS IN REFINE"IES ~~C 
PET~OCHfMICAl FLANTS, PART 2--CONTROL CF 
FOULING • 

AUTHOR- NATHAN, c.c. o::o.l CBET_Z LABS., INC., 
P H I L II. D£ L PH I A , FA • (U S A ) l • 

REFERENCf- CORROSION INhiBITORS. ~ATIONAL 
ASSOCIATION CF CCRROS!ON ENGlNEERS, HOUSTON, 
TFX., 1973, ~. 5:-60. 

DESCRIPTORS- ~ORROSJCN PROTECTION; CGRRCSION 
INHIBITORS; FOULING~ P:TRCLEU~ INDUSTRY. 

301 

t\ESTLE 73 
BRINE TREATMENTICOR~OSION 

TITLE- CORROSICN IN~IBITORS IN FETFOLEUM PRCCUCTICN 
PRIMARY RECOVERY. 

AUTHOR- NESTLE, A. CTEXACO RESEARCh lABS., HCUSTON, 
TEX. CUSAJ. ?ROCUCTION CHEMISTRY G~OUP)o 

NATHAN, C.C. CE.D.l [8fTZ LABS., INC., 
P HI l A DE L PH I A , P A • (U S A l 1 • 

REF€RENCE- CO~ROS!ON INHIBITORS. NATIONAL 
ASSOCIATION CF CCRROSION ENGINEERS, H~USTON, 
TEX., 1973, Po 61-75. 

DESCRIPTORS- CORROSI tN PROTECTION; CORROSIC~ 
INHIBITORS~ PET~ClfUH INOUST~Y; OIL WELLS. 

302 

OAKES 73 
BRINE TREATHENT/CCR~OSION 

TITL€- INHIBITCRS I~ DESALINATION SYSTEMS. 

AUTHOR- O~KES, B.D. £DOW CHEMICAL CO., FREEPC~T, 
TEXo CUSAl J • 
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NATHAN, C.C. <ED.) [ BETZ l~BS., INC., 
P HI LA DE U' H I A , fA • ( US A ) 1 • 

REFSP~NCE- CO~ROSION lNHIBITORS. NATIONAL 
ASSOCIATICN CF CCRROS!ON FNGlNEERS, HOUSTON, 
Tt·x., 1973, P. 148-lSS. 

DESCRIPTORS- CO~RvSIGN PRO~ECTION; CORROSION 
INHIBITORS; DESALINATION. 

303 

FARKER 73 
BRINE TREATM~NT/CCR"OSION 

TITLE- CONTROL OF I~TE~NAL CORROSICN CF PIPELINES 
CARRYING REFINEC PETROLEUM ?ROOUCTS. 

AUTHO~- PARKER, I.M. £PLANTATION FlP[ LINE CC., 
ATLANTA, GA. (US t) l• 

NATHAN, C.C. <ED.) £BETZ LABS., INC., 
PHI LAOELPHIA t PA • (USA) 1 • 

REFER~NCE- CORROSION INHIBITORS. NATIONAL 
ASSOCIATION Of CORROSION ENGINEERS, HOUSTON, 
TEX., 1973, P. 81?-94. 

OESC~IPTCRS- CORRCSlCN PROTECTION; COkROSlON 
INHIBITORS~ PETRCLEUH !NOUST~Y~ PIPELI~ES. 

304 

Fi0£BUC~ 73 
BRINE TREATHENT/CCR~OSION 

TITLE- INHIBITION OF ALUM!NUH. 

AUTHOR- ROEBUCK, A.H. [FULLERTON, CALIF. CUSA)1. 

NATHAN, c.c. (£0.) [8ETZ tABS., !NC., 
PHILADELPHIA, FA. <USA> J. 

REFERENCE- CORROSION INHIBITORS. NATIONAL 
ASSOCIATION CF CCRROSION ENGINEERS, HOUSTON, 
TEX., 1973, P. 2~0-244. 

DESCRIPTORS- CO~ROSICN PROTECTION; CORROSION 
INHI9ITORS; ALUMINUM: ALLOYS. 
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ROEEUCK 73e 
BRINE TREATMENT/CORROSION 

TITL£- INHIBITION OF CORROSION FROM CAUSTIC ATTACK. 

AUTHOR- ROEBUCK, A.H. {FULLERTON, CALIF. (US~)). 

NATHAN, c.c. ,(EO.) (BE'TZ l~BS., INC., 
PHILADELPHIA, FA. (USA)]. 

REFCRENCf- CORROS!ON lNHICITORS. NATIONAL 
ASSOCIATION CF CCRROSION ENGl~EERS, HO~STON, 
TEX., 1973, P. 2i.t5-2SC. 

DESCRIPTORS- CORROSICN PROTECTION; CORROSION 
INHIBITORS! ALLC,S. 

306 

SC~tl SCHL 73 
BRIN£ TREATME~T/CGR~OSION 

TITLE- MEiHOOS FOR EVALUATION AND TESTING OF 
CORROSION INhi3l10RS. 

AUTHOK- SCHASCHL, £. £UNION OIL Of CALIF., Ef.iEA 
(USA) • RESEAFZCt" CENTER]. 

RfFERENCE- CORROSION JNHIBITORS. NATlONAL 
ASSOCIATIO~ OF CCRROSION ENGlNEERS, HOUSTON, 
rrx., 197 3• P. 28-41. 

DESCRIPTORS- CORROSICN ~ROTECTION; CORROSION 
INHIBITORS. 

307 

S .. ARPLEY 73 
BRINE TREATHENT/CCRRCSION 

TITLE- MICROBIOLOGICAL CORROSION AND ITS CO~TROLe 
/ 

AUTHOR- SHARPLEY, J.M. (VIRGINIA CGMHONWEALT~ 
UNIVERSITY, FRECERICKSBURG (USA)J. 

NATHAN, C.C. (£0., £BETZ L~as., INC., 
PH I LA DE L PH I A , FA • (US A ) l • 
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REFERENC(- CORROSION INHIBITORS. NATIONAL 
ASSOCIATION OF CCRROSION ENGINEERS, HOUSTON, 
TEX., 1973, Pe ~28•235. 

DESCRIPTORS· CORROSION PROT£CTION: HICROORGANISHS; 
BIOLOGICAL FOULING. 

308 

EARLCUGHER 57 
BR!~E TREATMENT/SCAliNG 

TITLE- SFQUESTERING AEENTS FOR PREVENTION OF SCALE 
DEPOSITION IN OIL WELLS. 

AUTHOR- EARLOUGHER, R.C. £EARLGUG~ER ENGINEERING, 
TULSA, OKLA. (USA)]• 

LOVE, W.W. £COWELL, INC., TULSA, OKLA. 

REFERENCE· J. PET. TECHNOL., P. 17-ZO<APR 1~57). 

DESCRIPTORS- SCALING: SCALING CO~i~CL; OIL kELLS; 
INJECTION WELLS: SEQUESTERING AGENTS~ 

309 

rAI.:SLEF 7'+ 
BRIN! TREATMENT/COR~OSION 

TITLE- PROCESS CO~RCS ION AND CORROSION INHIEITORS IN 
THE PETRJLEUM ~~CUSTR.Y. 

AUTHOR- HtUSLER, R.H.;STANSKY, C.A.;NEVINS, A.J. 
CUNIV. OIL Pf(OO. CO., DES PLAINES, ILL. (USA)]. 

R£F£RfNCE- NACf, INT~fNATIONAL COR~OSION FORUM. 
NACE, HOUSTON, TEX., 1974 9 40 P •• 

DESCRIPTORS- CORROSICN PROTECTION; CORROSION 
INHIBITORS: PET!' CLEUM INDUSH'f'e 

31G 
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VETTER 72 
BRI~E TREATME~T/SCALING 



TITLt· AN EVALUATION CF SCALl INHIBITORS. 

AUTHOR- VETTE~, O,J, (UNION OIL CC. OF CALIFORNIA 
<USAl l• 

REFERENCE- J, PE:T, TECHNOL,, P, gg7-1006<AUG 1972Je 

DESCRIPTORS- SCALING; SCALING CONT~OL; INHieiTORS; 
PRFCIPITATIO~; CIL WELLS; LABORATORY STUCIES; 
CRYSTALLIZATION: KINfTICS~ TEMPERATURE 
OCPEtJOCNCE; CHEI"'lCAL COMPATIBILITY; FIGURES~ 
TABLFS, 
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PETTUS 74 
BRINE TREAT~ENT/CCR~OSION 

TITLE- WAT~R SOLUBLE CORROSION !NriB!TORS--A 
DIFFERS: NT APPROACH TO INTf.RNAL PIPfllNE 
CORROSION CONT~OL. 

AUTHOR- PfTTUS, P.L, ;sTRICKLAND, L.N, CBAROIO OIV., 
N l I NO , I N C • , h C US T 0 N, T E X , (U SA ) l , 

REFER~NCE- NACE, INIE~NATICNAL CO"ROSION FO~UM. 
NACE, HOUS!ON, TEX •. 197~, 11 P,, 

DESCRIPTORS- CORROSIGN PROTEC~ION; CORROSION 
INHIBITORS; PIFELINES: PETROLfUM INOUST~Y. 

312 

MATHIAS 74 
BRIN~ TREATMENT/SCALING 

TITLE- PRELIMINARY FE5ULTS OF GEOl~ERMAL WElLS, MESA 
6-1 AND MESA 6-2 EAST MESA KGRA, IMPERI~l 
VALLEY, CALIFORNIA. 

AUTHOR- MATHIAS, KeEo £BUREAU OF RfCLAMATION, 
8 0 U L G ER C I TV , 1\ E ~ , ( US A ) 1 , 

REFERENCE- GEOTHERMAL ENERGY, Ve C: (6), Po 8•17CJUN 
1974). 

DESCRIPTORS- ~AST MESA KGRA~ CALIFORNIA; GEOT~E~MAL 
WELLS; HEAT FLCW: GEOPHYSICAL SURVEYS; SCALING; 
CHEMICAL ANALYSIS; PIPELINES; BRINE TREATMENT. 
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MILLER 76 
BRINE TREATMENT/CCR~OSION 

TITLE- CORROS:ON ~NGI~EERING IN THE UTILIZATION OF 
THE RAFT RIVER G20THERMAL RESOURCE. 

AUTHOR- HILle~, R.L. £AEROJET NUCLEAR CO., IDAHO 
FALLS, IDAHO (USA)J, 

REFEPENCE- CORROSION ENGINEERING IN THE UTILIZATION 
OF THE RAFT RIVER GEOTHER~AL ~ESOURCE. 
ANCR-1342, IDAHO NATIONAL EN~INEERING 
LABORATORY, IDAHO FALLS, IJAhC, AUG 1976, 80 

DESCRIPTORS- CORROSIGN: RAFT RIVER KGRA: GECT~ERHAL 
BRINES~ CO~ROSlGN PROTECTION; CORROSION 
RESISTANT ALLOYS~ PITTING CO~ROSION1 ST~ESS 
CORROSION1 ELECTFOCHEMICAL CCRROSION; CREVICE 
CORROSION; EROSICN. 

314 

UHLIG 71 
BRINE TREATHENT/CCR~OSION 

TITLf.- CORROSION. AN C CORROSION COHROle·- AN 
INTRODUCTICN TC CORROSION SCIENCe AND 
ENG !NEE RI 1\Ge 

AUTHOR- UHLIG, H.H. (tASSACHUSETTS INST. OF TECH., 
CAMBRIDGi.: (USA), OE'PT. OF HE1 ALLURGY], 

REFERENCE- CORROSIO~ AND COR~OSIO~ CONTROL. AN 
INTRODUCTION TC CORROSION SCIENCE ANG 
ENGINEERING. 2ND EO., JOHN WILEY ANO SONS, 
I N C • , N f W YO ~ K , 1 9 71 , 41 9 P • • 

DESCRIPTORS- CORROSlCN: CORROSION PROTECTION; IRON; 
STEELS: STRESS CCRROSION: PITTING CC~RCSION; 
COATINGS: OXYGEN CORROSION: CCRROSICN 
INHIBITORS: CORRCSION RESISTANT ALLOYS; 
ELECTROCHEMICAL CORROSION; AQUEOUS SOLUTIONS; 
00LA~IZATION STuCIES. 
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DEBOER 77 
BRI~E TREATMENT/SCALING 

TIT~[- INF~UE~CC OF SEED CRYSTALS ON THE 
PRECIPITATION CF CALCITt. AND ARAGONITE. 

AUTHOR- DEBOER, R.B. £KONINKL!JKE SHELLt RIJSWIJK 
(NETHERLANDS). £XPLORATIE EN PRODUKTIE 
LABORATORIUMJ. 

REFER:NCf- AM. J. SCI., V. 277 (1), Pa 38-60(JAN 
1977). 

DESCRIPTORS- CRYSTAL SEEDING: CAL(ITE~ 

PRECIPITATION~ t>PERIMENTAL hESULT~. 

316 

SCHRCEDER 76 
BRINE TREATMENT/SCALING 

TITLE- MODELING THE TEMPERATURE-C£FENO~NT SCALE 
ACCUMULATION FRCH GEOTHERMAL 8RINS. 

AUTHOR- SCHRO~OER, ~.C. £CALIFORNIA UNIV., EE~KEL£Y 

CUSA>. LAWRE~CE BERKELEY LAa.]. 

REF~RENCE- MODELING THE TEMPE~ATURE-OEPENCENT SCALE 
ACCUMULATION FRCM GEOTHERMAL eRINE. 
UCRL-521~!, LAWRENCE LIVERMORE LABOiATORY, 
LIVEPHORE, CALIF., 1976, 1& Poe 

DESCRIPTORS- SCALING; SILICA MINERALS~ TE~PERATURE 
D:PENOENCE: GEO"~fRMAL B~INES; MATHEMATICAL 
MODELS. 

TITLE-

317 

GAUPP 74 
BRINE TREATME~T/CCRROSION 

BRINE TREAT~E~T/SCALING 

CO~ROSION AND !CALE CONTROL. 

AUTHOR-· GAUPP, ~.H.:NYGREN, J.A. £DREW CHEMICAL 
CORP. (USAl]. 
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REFERENCE• IND. WATE~ ENG., P. 18•20CHAY-JUNE 1974). 

DESCRIPTORS• CORROSlCN PROTECTION; SCALING CCNT~OL; 
CORROSION INHIBITORS. 

318 

GELOSA 76 
BRINE TREATHENT/CCRROSION 

BRINE TREATH~NT/SCALING 

TITL~- WATER TREATHEN1 PROGRAMS FOR STEAM GENERATING 
S YS TEHS • 

AUTHOR- GELOSA, L.R.;~NORAOE, R.C. (DREW CHEMICAL 
CORP. (USA) l. 

REFERENCE- INOe WATER ENG., P. 18•22(APR-MAY 1976). 

DESCRIPTORS- SCALING~ CORROS!ON; BCILERS; CC~ROSION 
INHIBITORS; OXYGEN CORROSION; WATER TREATMENTS; 
ADDITIVES. 

319 

I<IGGS 73 
BRINE TREATMENT/CORI<OSION 

TITLE- THfORETICAL ASPECTS OF COR~CSION INHIEITORS 
AND INHI3ITICt-i. 

AUTHOR- RIGGS, G. L. , JR. [KERR-MCGEE CORP., Ot<LAHCHA 
CIT Y , 0 KL A • ( U 5 A ) 1 • 

NATHAN, C.C. <EO.> [BETZ lABS., INC., 
PHILADELPHIA, FA • <USA) 1 • 

REFERE NCF- CORROSION lNHIBITGRS. NA i !ONAL 
ASSOCIATION OF CORROSION ENGINEERS, HOUSTON, 
T LX • , 1 97 3, P • 7-2 7 • 

DESCRIPTORS• CORROSION PROTECTION~ CORRCSICN 
INHIBITORS: CHE~lCAL REACT!O~S; 
ELECTROCHEMIST~Y~ THEORETICAL TREATMENTS; FREE 
E'Nf.RGY. 
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\ri~TKINS 76 
e~INE TREATMENT/CCRROSION 

TITLE- CORROSION TESTING OF HIGHLY ALLOYED MATERIALS 
FOR DEEP, SOUR GAS WELL F~VIRCNMENTS. 

AUTHOR• WATKINS, M. (EXXON PRODUCTION RESeARCH CO. 
(USA) 1• 

G;:;: EE R, J • 8 • £ EX X 0 N C 0 • ( US A) 1 • 

REFERENCE· J. FET. TECHNOL., Pe 698•70~(JUN 1976). 

DESCRIPTORS· CORROSlCN~ COR~OSION RESISTANT ALLOYS1 
NATURAL GA~ WELLS: tXPERI~ENTAL RESULTS: 
PITTING CORROSION; STRESS CC~~OSlON; TABLES; 
FIGURES. 

321 

ELLIS 63 
BRI~E TREATMENT/SCALING 

TITLE· THE SOLUBILITY OF CALCITE lN SOOIU~ CHLOR!OE 
SOLUT!ONS AT Hl(h TEMPERATURES. 

AUTHOR- ~LLIS, A.J. C(EPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESc 1RCH, WELLINGTON (NEW ZEALANOl. 
DOMINION LABORATORYle 

RtFERENCE· AM. J. SCI., V. 261, P. 259•267tMAR 
19&3l. 

DESCRIPTORS· CALCITE~ SOLUBILITY; SODIUM CHLC~IOES; 
TEMPERATURE OEPiNOENCE~ HIGH TEMPERATUR£1 
EXPERIMENTAL RESULTS; HYDROTHERMAL SYSTEMS~ 
GRAPHS; T ABL::S. 

322 

FCtJRNIER 73 
BRINE TREATMENT/SCALING 

TITLE- SILICA IN TH~~~AL WATERS~·-LABORATOR~ ANO 
FIELD INVESTIGATION. 
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AUThOR- FOURNIER, R.O. (GEOLOGICAL SURVfY, ~ENLO 
PAi='K, CALIF. WS.a) l. 

REFER~NCE- PROCE~CI~GS OF SYMPOSIUM GN 
HYDROGEOCH~MISTRY AND BIOGEOCHEMISTRY. VOLUME 
I - HYOPQGEOCH~MISTRY. THE CLARKE CCMPANY, 
WASHINGTON, D.C., 1973, Pa 1~2-139. 

DESCRIPTORS- SILICA MlNERALS; QUARTZ; SOL~eiLITY; PH 
OEPEt!Dt NCE: HY Oi'OT1-4ERMAL SYSTEMS; f."XPE~If'IENT AL 
R~SULTS: FIELD STUDIES: GEOTHERMOMETRY; 
POLYMERIZATION; TABLES~ FIGU~ES. 

323 

I<OGERS 55 
BRINE TREATMENT/CCR~OSIO~ 

TITLE- CORROSION EFFECTS OF HYOROGF~ SULFIDE ANO 
CARBCN DIOXIDE I~ OIL PRGDUC1ION. 

AUTHOR- ROGERS, W.F.;I<OW~, JaAat J~. {GULF CIL 
CORP., HOUSTON, TEX. <USA) • rCUSTON PRODUCTION 
DIVISION CHEMICAL LAB.l. 

REFiRENCE- PROCE~CING5--FOURT~ WORLD PETI<OLEUM 
CONGFESS, S~CTICN II. GULF OIL CORPOQATION, 
HOUSTON, TEX., 1~55. PAPER 3, SECTION IIIG, P. 
4 79-4 99. 

DESCRIPTORS- CORROSICN; HYOROGlN SULFIDES; CARBON 
DIOXIDE: OIL W~LLS; OILFIELD 8RIN£S; 
EXPE~IMENTAL RESULTS: TABL£S; FIGURfSa 

324 

LYON 74 
BRINE TRtATMENTICOR~OSION 

BRI~E TREATME~T/SCALI~G 

TITLE- A RECOMMENDED ~ESEARCH PROGRAM IN GEOTHERMAL 
CHEMISTRY. 

AUTHOR- LYON, R.N. [CAK RIDGE NATICNAL LAB., TF.NN. 
CUSA)]. 

KOLSTAD, G.A. [USAEC DIVISION OF PHYSICAL 
RESEARCH, WASH II\GTON, D.C • (USA) J • 
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REFERENCE- A RECOMMENCED RESEARCH FROGRAM IN 
GEOTHERMAL CH~~ISTRY. WASH-13~4, ATCMIC ENERGY 
COMMISSION, WAS~INGTON, D.C., OCT 1974, 48 Pee 

DESCRIPTORS- SCALING; CORROSION; fiESEARCH PROGRAMS; 
GEOTHERMAL SYSl~~s; GEOTHERMAL FLUIDS; 
THERMODYNAMIC PfiOPERTIES~ MINE~ALS~ METALS; 
KINETICS; ROCK-FLUID INTERACtiONS~ MATHEMATICAL 
MODELS. 

325 

KERN 75 
BRINE TREATMENT/SCALING 

TITLE- CONTINJUS TUE~ CLEANING IMPfiOVES PERFC~MANCE 
OF CONDENSERS AN{ HEAT EXCHA~GERS. 

AUTHOR- KERN, W~I. (AMERTAP CORP., MINEOLA, N.Y. 
(USA>l• 

REFERENCE• CHO::M. ENG., V. 82 (22), P. 139•144(197~). 

DESCRIPTORS- SCALING~ STEAM CONDENSERS; HEAT 
fXCHANGERS; iUREINES; SCALING CONTROL. 

326 

COPSON 51 
BRINE TREATMENT/CORROSION 

TITLE- LITERATURE SURvEY ON CORROSION IN N~UT~AL 
UNAERATED CIL W~LL BRINES. 

AUTHOR• COPSON~ H.R. IINTEFNATIONAL NICKEL cc., 
BAYOrmF, N.J. (L;~Al. RESFARCr LABel• 

R£FERfNCf• CORROSION, V. 7, P. 123•127(APR 1951Je 

DESCRIPTO~S- CORRCSICN: OILFIELC BRI~ES~ REVIEWS; 
CORROSION INHI8ITORS. 

327 
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BRI~£ TREAT~f.NT/SCALING 



TITLE- PROBLEMS RELATED TO OPERATING THERMAL WELLS 
SUBJCCT TO SCAliNG IN HUNGARY. 

AUTHOR- BELT£KY, L. [RESfARCH INST. FOR THE 
DEVELOPMENT OF ~ATER RESOURCES, BUDAPEST 
(HUNGARvt r. 

REFERENCE- GEOTHERMlCS, v. ~ <1-4), P. 57-65(1975). 

DESCRIPTORS- SCALING; GEOTHERMAL WELLS; HUNGA~Y; 
SCALE COMPOSITIGN~ SCALING CCNTROL~ OESCALING; 
GEOTHERMAL BRINES: ACIOIZATIO~~ FIGURES; TABLES. 

328 

SAKAI 76 
BRINE TREATHENT/CCR~OSION 

TITLE- CORROSION BE~AVIOR OF STEElS IN GEOTHERMAL 
STEAM POWEF PLAN1. 

AUTHOR- SAKAI, J.;KANEZASHI, M.;M~TSUSHIMA, I• 
[NIPPON KOKAN K.K., KAWASAKI, KANAfoAkAe 
TECHNICAL RESEA~CH CENTERl. 

REF~RENCE- TRANS. IRON STEfL INST. JPN., V. 16 <12), 
p • 6 8 8- 6 g l (1 g 7 6 ) • 

DESCRIPTORS- CO~RCSICN; ALLOYS~ STEELS; NATURAL 
STEAH1 GEOTHERMAL POWER PLANTS; EXPERI~lNTAL 
RESULTS~ TABLfS; FIGURES. 

329 

TSKHVIRAS~VILI 72 
BRINE TREATMENT/COR~OSIO~ 

TITLE- ON COR~OSICN CF METALS IN GEOTHERMAL FCWER 
PLANTS. 

AUTHOR- TSKHVI~ASHVILI, o.;vAROIGCRELI, O. CGEO~GIAN 
INST. OF ENERGY, TBILISI <USS~) l • 

ACOLS!N, P. (NATIONAL HEAT ENGINEERING 
INS T. , MOSCOW ( IS SR) l • 

REFERENC[- GEOTHERMICS, v. 1 {3), F. 113•11eC1972). 

DESCRIPTORS- CORROSlGN; CORROSION PROTECTION; 
METALS; GEOTH~F~AL POWER PLA~TS; GECT~£~MAL 
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FLUIDS; CHEMICAL ANALYSIS: EXPERIM£NrAL 
RESULTS; GRAPHS; TABLES. 

330 

GOLCBERG 768 
BRIN~ TREATMENT/COR"OSION 

TITLE- GE0THC~MAL MATERIALS STUDIES. HETALLU~GY 
DIVISION QUA~TE~LY REPORT--AF~IL-JUNE 1976. 

AUTHOR- GOLDB~RG~ A.;,OHNSON~ J.M.;GARRISON, 
R.E.:OWENi L.B.;OECOURSEY, H.;HARRAR, 
J.f.~SHROYER, R.B. £CALIFORNIA UNIV., LIVERMORE 
(USA>. LAWRENCE LIVERMORE LAB.}. 

REFERi::NCE'-. GEOTHERMAL HATFRIA LS STt.;O IE:S • MET ALLU~G Y 
DIVISION QUPRT~RLY REPORT--A~RIL-JUNE 1976. 
UCI0-17261-76-Z, CALIFORNIA UNIV., LAWRENCE 
LIVERMORE LAB., LIVERMORE, CALIF., 197€, 26 Pee 

DESCRIPTORS- HYDROTHERMAL SYSTEMS; MATERIALS 
TESTING; COATI~GS: TOTAL FLCW SYST£M; STRESS 
CORROSION; EROSiet-~; CORR.OSION; PITTING 
CORROSION; EL~CTFOCHEHICAL CORROSION; ~CZZLES; 
TABLfS; FIGURES~ 

331 

POSEY 768 
BRINE TRcAT~ENT/CCRROSION 

TITLE- COPROSIVITY OF GEOTHERMAL BRINES. PRGGRESS 
REPORT FOR PERICC ENDING JUNE 1976. 

AUTHOR- POSEY, F.~.;FtLKO, A.A. £CAK RIDGE NATIONAL 
LAB., TENN. (USA). CHEMISTRY OIVISICN]. 

REFERENCE• CORRCSIVITY OF GEGTHER~~L BRINES. 
PROGRESS REPORT FOR PERIOD ENDING JUNE 1976. 
ORNL/TM•S !88, OAK RIDGE NATIO~AL -t:'ABCRATORY, 
OAK FIDGE, TENt.., DEC 1976, 33 P •• 

DESCRIPTORS- GEOTHE~MAL BRINES~ CG~ROSION; CCRRCSIVE 
EFFECTS: STEELS; ELECTROCHEMICAL CORROSION; 
PITTING CORROSICN: EXPERIMENTAL ~ESULTS~ 
LABORATORY EQUIF~ENT: GRAPHS: FIGURES. 
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60HMANN 768 
BRI~E TREATME~T/SCALING 

TITLE- PRECIPITAT10~ AND SCALING IN DYNAMIC 
GEOTHERMAL SYSTE~S. 

AUTHO~- BOHLMANN, E.G.:SHOR, A.J.;eERl!NSKI, Fe (OAK 
RIDGE NATICNAL LAB., TENN. (USAl. CHt::MISTRY 
DIVEIONJ. 

REFEP.E NCE- PW-CIP IT AT ION AND SCALING IN OYNA MlC 
GEOTHERMAL SYSTEMS. ORNl/TM-5649, OAK PIOGE 
NATIONAL LABORATORY, CAK FIOGE, TENN., GCT 
1976, 48 P,. 

DESCRIPTORS- PRECIPITATION; SCALING1 GEOTHE~MAL 
SYSTEMS1 DYNAMIC .SYSTEMS; EXFERIMENTAL RESULTS; 
LA80RATOPY EQUIPMENT: HEAT EXCHA~GERS~ SILICA 
M!NE~ALS; GRAP~S; FIGURES. 

333 

HC OCWELL 76 
BRINE TREATMENT/SCALING 

BRINE TREATHfNTICCRROSION 

TITLE- SCRUBB!NG OF CHLORIDES IN CARRY-OVER kATER 
FROM GEOTHE~MAL WELL SEPARATORS. 

AUTHOR- MC DOWELL, G.C. [DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL ~ESEARCH, C/MCW, TAUFO (NEW 
ZEALtNO) 1. 

REFERENCE- PROCEEOINGS--S~COND UNITED NATIONS 
SYMPOSIU~ ON THE DEVELOPMENT ANO USE OF 
GEOTHERMAL RESOLRCES. LAWR~~CE BERKElEY LAB., 
UNIV. OF C~LIFORNIA, BERKELEY, CALIF,, 1976, V. 
3, P. 173?-17LtiJ. 

DESCRIPTORS- GEOiHER~AL WELLS; WAI~AKEI GEOT~ERMAl 

FIELD~ GEOTHER~AL FLUIDS1 CHLCRIDES1 SC~UBBING~ 
STEAM S£PAFATORS. 

334 

GRECO 62 
BRINE TREATMENT/CCRROSION 

TITLE- CORROSION OF IRON IN AN H2S-C02-H20 SYSTEM. 
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AUTHOR- GR:;co, E • C.; WI<IGHT, w. B. { L'NITE 0 GAS CORP •, 
SHREVEPORT, LA. CUSAl. RESEARCH DEPT.]. 

REFERENCE- CORROSION, v. 18, P. 119-124(1962). 

DESCRIPTORS- CO~ROSICN! IRON1 HYDROGEN SULFIDES; 
CAPBON O!OXIDE: STEELS; EXPE~IMENTAL RESULTS: 
LABORATORY EQUIF~ENT; STRESS COR~OSION: DYNAMIC 
SYSiFMS. 

33S 

FCLI ZC 74 

TITLE- CORROSI VIT Y OF GrOTHERMAL W.CT£R.S. ( It-i 
RUSSIAN). KORRGZIONNAYA AGRESSIVNOSCH 
GEOTfRMALNCI VOD,. 

AUTHOR- POLIZO, G.D. (ODESSA POLilEKHNICHES~IJ INST. 
<USSU 1 • 

KURISHKO, V ,A. 

~EFERENCE- IZV~ VYSSh. UCHfBN. ZAVEO., ENERG., NO. 
8, P. 96-100(lq4). 

DESCRIPTORS- GEOTHEF~AL BRINES~ CORROSION: FIELO 
STUDIES; STEfLS; ALLOYS; NORT~ SIVASH 
GEOTHERMfL FIELD: USSR. 

336 

CLEARY 70 
dRlN~ TREATME~T/SFENT FLUIC GISPOSAL 

TITLE- SOME CONSIDEFA1IONS !N UNDERGROUND WASTE~ATER 
DISPOSAL. 

AUTHO~- CLEARY; E.J. £OHIO RIVlR VALLEY kATE~ 

SANITATION COMMISSION <USA) l • 

w,:.FN(R., Dolo [~1ISSOURI UNIV. (USA). OfPT. OF 
GEOLOGICAL ~NG.], 

REFERENCE.- J. AM. WATER WORKS ASSCC., V. 62 (8}, Pe 
4B9-t..98 c1 qo,. 

DESCRIPTORS- WASTE W~lER: UNOCRG~CUND DISPOSAL; DEEP 
WELLS; L~GAL ASFECTS: OH!O. 
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c• NEAL 75 
BRINE TREATNENTICCRROSION 

TITLE- CORROSION IN~IBITING SYNERGISM BY TRIAZOLES 
IN AQUEOUS HUL1l~ETAL SYSTEMS. 

AUTHOR- o•NEAL, c., JR.:BORGER, R.~. (SHERWIN 
WILLIAMS CHEMICALS (USA)}. 

REFERENCE- SOC~ PET. ENG. J., PAPE~ NO. SPE 5310, P. 
161-165(1975). 

DESCRIPTORS- CORRCSICN PROTECTION; CORROSION 
INHIBITORS~ METALS~ COOLING SY!TEMS: ORGANIC 
COMPOUNDS; LABORATORY STUDIES; EXPERIMENTAL 
RESULTS. 

338 

wooo 55 
BRINE TREATMENT/CORROSION 

TITLE- SOMf EXPERIE~CES WITH SOOIU~ SILICATE AS A 
COR~CSION INHlBilOR IN INOUST~IAL CCCLlNG 
WATEF..S. 

AUTHOR- WOOD, J.W.;BEECHfRt J.S.:LAURENCE, P.S. 
(E..F. OR!:W AND CC., INC., NEW YORK (USA). POWER 
CHEMICALS 0 I V • 1 • 

DESCRIPTORS- CORROSlCN PROTECTION; COOLING SYSTEMS; 
CO~RCSION INriB!TORS~ SILICATES; STEELS~ PH 
DEPENDENCE: TE~FERATURE DEPENCENCE; 
EXPERIMENTAL RESULTS: GRAPHS. 

339 

ENVIRON. SCI. TECH. 68 
3RINE TREATMfNT/5PEhT FLUIC DISPOSAL 

TITLE- DEEP WELL !NJ~CTION IS EFFiCTIVE FOR WASTE 
DIS PCSA L. 

AUTHOR- E~VIRJN~fNTAl SCIENCE AND TECHNCLCG~. 
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Rt:FERENCr:- ZNVIPON. ~CI. TFCHNOL., V. 2 (6), P. 
4[;6-410 (1968). 

DESCQIPTORS- WOSTE DISPOSAL; INJECTION WeLLS; 
DISPOSAL FORMATJCNS~ WELL PLUGGING~ DEEF WELLS; 
OHIO: CA~E HISTGfi~S: ECONOMlCS; LEGAL ~SPECT!: 
LIQUID WASTES; RCCKY HOUNTA!~S; COLCRAQC; 
POLLUTION LAWS. 

31t0 

Vt:TTER 70 
BRINE TREATME~T/SCALING 

TITLf- PREDICTIGN OF DEPOSITION OF CALCIUM SCLFATE 
SCALF UNDER COWN·HOLE CO~OITlCNS. 

AUTHOR- V(TTER, O.J.G.:PHILLIPS, F..C. [UI';ION Cil CO. 
OF CALIFOI'NIA CUSA> J. 

REFERENCE- J. PfT. lfCHNOL.; P. 12g9-13D8l0CT 197Cl. 

DESCRIPTORS- SCALING; CALCIUM SULFATES: CIL ~ELLS; 

500IUH CHLORID~S; ANHYDRITE; CILFIELO E~lNES: 
INHH'IT O~;s; THS.RMODYNAMICS; C"t.PHS; T ASLE S. 

341 

CUONG 76 
BRINE TR~ATHENT/SCALING 

TITLE• SCALING CHARAC1ERISTICS IN THE GEOTHE~~AL 
LOOP EXP~RIMEN1AL F~CILITY AT NILANC, 
CALIFORNIA. 

AUTHOR· QUONG, R. 

REFER~NCE- SCALING CHARACTERISTICS IN THE GECTHERMAL 
LOOP EXPER!MEN1Al FACILITY AT NILAND, 
CALIFORNIA. UCRL-52162, LAWRENCE LIVE~MCRE 
LABORATORY, LI~ERHORE, CALIF., 1976, P. 1•33. 

DESCRIPTORS- SCALING: GEOTH£RMAL ENERGY; PILCT 
PLANTS; TEST FAClL!TlfS: NILAND; 9INARY FLUIC 
SYSTEMS~ GEOTHE~~AL WELLS; GECTHERMAL S~INES; 
CHE~ICAL COMPOSITION; SC~LING CGNTRCL; FIGURES1 
TABLES. 
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MILLEF 77 
BRINe TREAT~E~T/SCALI~f 

TITLE- TH? US~ OF GECCHfMICAL-EQUILISRIUM CC~PUTER 
CALCULATin~S TO ESTIMATE P~ECIPITATION FROM 
GEOT~ERHAL BRI~E~. 

AUTHO~- MILLER, D.G. ;nwiNSKII, A.J.;YAMAUCI-II, R. 

REFERENCE- THE US€ OF GfOCHEMICAL-EQUlLIE~IUM 
COMPuTER CALCULATIONS TO ESTIMATE PRECIFITAT!ON 
FROM GCOTHER~AL ER!NES. UCRL-52197, LA~RENCE 
LIVERMORE LABORATORY, LIVERMCRE, CALIF., 1977, 
p. 1-35. 

OESCRI PTORS- PRE,CIP IT A TION; SCt.L ING; GEOTHERMAL 
BRINfS; C~fMICAL COMPOSITION~ SALTON SEA 
G~OTHERHAL FIELC: COMPUTER CALCULATIONS~ 

GEOCH~MISTRY; CHEMICAL lQUILIERIUM; 
THERMODYNAMICS; CHLORIDES; SILICA MINERALS~ 
SULFIOC:S: SOLUSlLITY: TEMPERATURI:: OEPENO[NCE; 
CO~ROS!ON; CHEMICAL EQUILIBRIUM CODES; GRAPHS; 
T ABLfS. 

343 

PCSEY 76C 
BRINE TR~ATMENT/CCR~OSION 

TITLE- COPROSIVITY OF GEOTHE~MAL 8~INES. P~CfRESS 
REPORT FO~ PERICC ENDING DECEMBER 1976. 

AUTHOR- POSEY, F.A.;PALKO, A.A.~BACARELL~, A.L. [OAK 
RIOGf NATICNAl lAB., TENN. (USAl. CHEMISTRY 
DIVISION]~ 

PEFEF.ENCf- COJ;.R.OSIVITY OF GEOTHERMAL. BRINES. 
PROGRESS REPORT FOR PERIOD EhDING OECEMEFR 
1976. CRNL/TM-5863, OAK RIDGE NATIONAL 
LABORATORY, OAK RIDGE, TENN., APR 1977, 23 P •• 

DESCRIPTORS- Gi.OTh~RMAL BRINfS; CCRROSION; CCRROSIVE 
EFFECTS; STfELS; TEMPERATURE DEPENOE~CE; PH 
DEPENDENCE; POLAFOIZATION STUDIES~ EXPERIMENTAL 
EQUIPMENT: LASO~ATORY STUDIES; GRAPHS. 
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TITLE-

344 

BETZ 40 
BRINE TREATMENT/SCALING 

REMOVAL OF SILICA FROM WATER BY COLO FROCESS. 

AUTHOR- BETZ, L.O.;NOLLe C.A.~MAGUIRE, J.J. (~.H. 
AND L.D. BETZ., PHILADELPHIA, PENN. CUSA)J. 

REFERENCE- IND. E~G. CHEM., V. 32, P. 1320-1323(0CT 
19/.tOl. 

DESCRIPTORS- SILICA ~lNERALS1 DESCALING; BOILERS; PH 
DEPENDENCE~ TEMPERATURE DEPE~OENCE; ALUMINUM 
HYDROXIDES; LABC~ATORY STUDIES. 

345 

BETZ 408 
BRINE TREATMENT/SCALING 

TITLE- REMOVAL OF SILICA FROM WATE~ BY HOT FROCESSe 

AUTHOR- BfTZ, L.D.;NOLL, C.A.;MAGUIRE, J.J. c~.H. 
AND L.D. BETZ, PHILADELPHIA, PENN. WSAt Ia 

REFERENCE- INO, ENG. CHEM., V. 32, P. 1323-1329IDCT 
194Cl. 

DESCRIPTORS- SILICA MINERALS; DESCALING; BOILERS; 
MAGNESIUM INORGA~IC COMPOUNDS; TEMPERATURE 
DEPENDENCE; PH CE PENDENCE: L _,90RATORY STUDIES. 

346 

LEf-iRMAN 52 
BRINE TREATMENT/CCRROSION 

BRI~E TREATMENT/SCALING 

TITLE- ACTION OF SOCIUM SILICATE AS A CO~ROSION 
INHIBITOR IN WATER PIPING. 

AUTHOR- LEHRMAN, Le £CITY COLLet NEW YORK (USA)J. 

SHULDENER, H .L. {HATER SE~VICE LABS., NEW 
YORK WSAtJ. 

REF£RENCE- IND. ENG, CHFM., v. 44 (8), Pe 
1765-1769(AUG 1952). 
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DESCRIPTORS• CORROSION; CORROSION INHIBITORS~ SODIUM 
SILICATES; PIPES; LABORATORY STUDIES~ 
EXPERIMENTAL RESULTS; ZINC !~ORGANIC CGMPOUNOS~ 
CORROSION PROTECliON. 

347 

MIDKIFF 76 
BRINF. TREATMENT/SCALING 

TITLE- AMORPHOUS SILICA SCALE IN COOLING WATERS. 

AUTHOR- MIDKIFF, w.s. CLOS ALAMOS SCIENTIFIC LAB., 
N. HEX. <USA) J • 

FOYT, H.P. (~ATER TREATMENT SPECIALIST1e 

REFERfNCE• AMORPHOUS SILICA SCALE IN COCLING WATERS. 
LA-UR-75•2313, LOS ALAMOS SCIENTIFIC LAB., LOS 

ALAMOS, N. HEX., 1g7&, 22 P •• 

DESCRIPTORS- SILICA MINERALS: AMORPHOUS STATE; 
COOLING TOWERS; DESCALING: SCALING CONTROL; 
WATER TREA1M€N1S; CORROSION INHIBITORS; 
CHELATING AGEN1S; FIGURfS; X•RAY DIFFRACTION. 

348 

PYE 47 
8RINE TREATMENT/CORROSION 

TITLE· CHEMICAL FIXATION OF OXYGEN. 

AUTHOR- PYE, O.J. (COW CHEMICAL CC., PITTSBURG, 
CALIF. <uSA) • G~€AT WESTERN DIVISION). 

REFERENCE· J, A~. WATER WORKS ASSCC., Ve 39, Pe 
112 1-11 2 7 ( 1 94 7, • 

DESCRIPTORS• CORROSlCN; CORROSION PROTECTION; OXYGEN 
CORROSION; STEEL!: CORROSION INHIBITORS. 
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