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ABSTRACT

The objective of this project was to collect the available information pertinent
to the treatment of geothermal brines by Titerature search and then evaluate and
summarize this information for use by the electric 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
primarily on development of materials 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

INTROGDUCTION

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., CO2, 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 Tow 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
pubTished worldwide literature on treatment of geothermal brines to control scal-
ing and corrosion is sparse, with information widely scattered and incompliete.

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. '
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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, CO2 partial pressure, HpS 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 Tists 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

TabTe 1-3.

While it is our intent that this report be as comprehensive as possible, it is
realized that no Titerature 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 Geothermal Energy Resources (Ref. 6), Second Workshop on Materials Problems
Associated with the Development of Geothermal Energy Systems (Ref. 7), and."Corro-

sion Encountered in Energy Extraction from Geothermal Brines and Steams" (Ref. 9).
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Table 1-1

IMPORTANT PARAMETERS AFFECTING SCALING AND CORROSION
IN GEOTHERMAL PLANTS

Scale and Incrustation

Materials

Brine composition
Temperature and temperature changes

Pressure changes, including partial pressure change in CO2, H2S, 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

Corrosion

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 C02, H2S, NH3, H2

Atmospheric 02 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 metal protective films

Velocity of fluid

Suspended solids content

Ionic strength of water

Galvanic coupling of dissimilar metals

Power plant material

Table 1-2
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)
Coo 90 92 16.4 0.20
HoS 2.6 4.2 -- 0.005
Ho 2.0 1.8 0.06 e
CHg 0.03 0.9 0.01 0.065
No -- -- 100. 18.5
Ar 4.43 0.3 2.6 0.62
0, 0.0 “- 0.02 0.003
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Table 1-3 ’

APPROXIMATE CONCENTRATION OF DISSOLVED SOLIDS IN SELECTED GEOTHERMAL WATERS
' COMPARED WITH SEAWATER AND OILFIELD BRINES

3seawater C0ilfield Brine 2East Mesa, dEast Mesa bSalton Sea, bSalton Sea bSalton Sea bSalton Sea bRaft River, bRoosevelt airakei, bCerro Prieto,
Calif. (Well 6-1) Calif. {Niland #11D-2) (Woolsey #1) (Magmamax #1) Idaho Hot Springs, New Zealand  Mexico (#M-5)
(Holtville) (Sinclair #3) . (RRGE #2) Utah (#3-1)

{mg/1) (mg/1) {ppm) (mg/1) (ppm) (ppm} _ (ppm) {mg/1} (ppm) _{ppm) (ppm) {ppm)
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
$i0p 7.0 - 100 286 350 400 112 435 86.8 560 640 1,318
Li 0.1 - 55 54 49 210 65.0 75.6 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 10 651 110 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
C1 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 -- 1-300 - - - -- - -- -- -- -- .74
Br 380 50-5,000 35 -- - - -- -- -- -- -- 23.7
504 2,650 " 0-3,600 16 173 58 -- -- < 10.0 -- 59 36 13.0
HCO3 140 0-1,200 - -- 60 -- - 61.6 38 180 19 59.0
€0, -- -- - 300 - 500 -- - -- -- -- 0.0
NO3 or Bi -- -- -- .- - - -- Bi = 5.0 -- NO3 = 0.1 -- -
s -- -- <1 <1 - 30 -- - -—- - - -
NHg 0.08 - 39 - 340 .- -- 570 1.2 -- 0.2 --
Fe 10-9 -- 0.18 1-10 166 2,000 84.0 172 -- -- - 0.51
Mn 0.01 - 0.9 -- 410 1,370 121.0 -- 0.55 -- -- 0.88
Ni -- -- -- -- -- - -- .1.05 0.66 -- -- < 0.01
BO4 -- -- - 36 - - -- -- -- - -- .-
Cs -- -- -- - -- 20 -- 250 -- -~ -- 39.5
Rb -- -- -- - -- 70 -- 50.4 -- -- - 1.2
Pb -- -- -- - 80 80 - 36.2 .- -- -- --
As - - -- -- 10.0 -- -- .187 -~ -- -- 1.5
Ag or Sn - - .- - - Ag <1 - Sn = 2.2 - - -- -
In or Cr -— -- -- -- .- In = 50? .- In = 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
3Ref. 10 PRef. 11 CRef. 12 YRef. 4-

*Maximuym 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 1ist 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
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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 0il Production Industry

(Ref. 12); Subsurface Salt-Water Disposal (Ref. 17); Introduction to Qilfield
Water Technology (Ref. 18); Underground Waste Management and Environmental Impli-
cations (Ref. 19), and Salt Water Disposal, East Texas 0il 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 Liquid, clear, coloriless
Temperature 138°C (280°F)

Pressure : 88 psig

Solution saturated pressure 65 psig @ 138°C

Density @ 25°C 1.011

pH 5.6 to 6.0

Total dissolved solids 24800 mg/1

Cl1 14000 mg/1 Mg 16 mg/1
Na 7050 mg/1 Si02 286 mg/1
K 890 mg/1 CO3 300 mg/1
Ca 770 mg/1 SOgq 173 mg/1
Fe . 1 to 10 mg/1 S <1 mg/1
Sr 135 mg/1 BOg 36 mg/1
Li 54 mg/1

2-2
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RUN Na
PKOBE 102 0.7
PROBE 205 5.5
PYREX PIPE 205 0.4
CONTROL VALVE STEM 205 0.1
PROBE BOTTOM THIRD 207 0.1
PROBE TOP THIRD 207 0.1
SEPARATOR ENTRY 207 0.1
PROBE 300 3.3
PROBE,UNHEATED PART 301 0.l
PROBE,HEATED PART 301 0.0
PROBE 302 0.8
PROBE TOP 303 0.10
EXIT LINE 204/5 1.50
MOLECULAR WEIGHT - 22.99

NOAdWHENWOS

'

Table 2-2

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

Cl
0.81

0.26
0.24
0.16
3.91
0.17
0.11

0.01

0.02

35.45

00,

28.80

56.81
55.74
52,40
54.18
54.25
41.57
56.33
57.40
11.48
57.42

60.01

(1) Of determined camponents listed in table

(2) Assuming 2.5 moles OH per mole Fe and 2 moles HZO per mole 5102

ALL COMPONENTS IN WEIGHT PERCENT.

Ca

14.60
20,90
31.50
34.90
29.00
30.30
33.10
27.80
30.30
30.70

6.11
33.20

0.87

40.08

Fe

21.00
6.20
6.70
6.40

7.23

6.33
2.55

3.79.

8.00
7.62
24.50
6.40
27.20

55.84

sio
15.02

0.86 .

0.10
0.20
2,00
1.20
0.94
6.40
0.24

© 0.1l

29.80
0.38
28.20

60.09

wm
"

.
:bU&O\O\C\th

OCWwENNHOOOW

OOON0.00000

(=]
.

wn
o

0.10

87.62

(REF. 5)
Mg M

0.31 0.68
0.30 -
0.10 -
0.10 -
0.11 0.52
0.10 0.52
0.04 0.17
0.13 -
0.20 0.55
0.20 0.51
0.20 -
0.20 -
0.30 -
24.31 54.93
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=N WY
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96.06 39.10

b 0.
(=]
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III0.0.0llllllo
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32.10

sl
82.31

96.04
96.06
92.56
93.96
93.98
93.35
96.40
97.21
72.96
98.21
58.19

s(?
104.10

100.18
102.08
98.16
98.53
96.09
99.49
101.41
101.92
105.73
102.34
91.64



Table 2-3

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

Thermal :
water pH Si0s Fe Al Ca Mg S0q Na K
No. 1 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 $i0, Fe Al Ca0  Mg0 S04 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. 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 POWER PLANT, o
' MATSUKAWA, JAPAN .(REF. 13) :

5-2

L}
S0 Fe . Al ' CaO  MgO S S Na K R
A 69.85 425 17.34 0.40 0.23 — 3.74 — — .
B - BRVAL 122 0.83 0.30 021 . 40.84 3.20 925. 505 .
c | No t wel 16.20 13.96 027 040 065 41.45 425 - — e
D silencer 51.80 13.74 0.36 0.38 0.38 112 7.79 — — =
E 14.0 16.5 15 . 14 1.1 51.99 0.1 — —
Fo 200 KW 59.0 7.0 0.8 1.7 12 13.8 0.05 — — R
G : Generator Tr* 46.90 Tr Tr Tr Tr - 53.10 Tr Tr
T . 61.55 3.80 027 1.50 1.20 10.20 T 005 2.35 0.80 Pt
I 67.3 11.6 0.45 1.30 0.80 26.50 Tr 650 ~ 3.80
I 90.45 0.35 0.84 0.59 0.30 225 Tr 1.50 0.50 s
1 | 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 &
L ! o T20 0.33 0.08 0.66 0.02 15.24 Tr 5.90 3.00
Moy . 66.60 17.62 0.87 0.96 Tr 0.83 9.55 Tr Tr . .
N Header - 50.42 28.14 421 0.12 Tr 0.32 14.25 Tr Te %,
o ! 40.90 27.30 280 4.76 1.50 15.89 — - —
P Drain 72.50 6.03 3.23 420 0.01 1022 0.50 100 . 050 “p
Q ) 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 1.35 0.17 13.50 Tr 2.30 1.00 T
| ' 69.28 1.00 . 005 1.60 0.04 17.56 Tr - 610 3.80 s
- Control valve 44.40 201 1.84 1.30 0.55 32.82 Tr 8.5 35
v » 19.10 2.01 163 128 0.33 | 30.06 Tr 8.0 40
| 24.00 10.20 0.53 1.14 0.30 50.26 0.38 9.26 2.80
: Rotor 11.30 50.83 0.20 0.35 0.11 23.50 2.28 2.30 0.60
| 4.00 5549 . 0.20 0.05 Tr 17.75 431 0.56 Tr
) Nozzl 58.60 1.45 0.11 344 0.13 2405 , 0.20 7.2 4.7
! ozzle ©60.00 4.80 582 911 . 0.36 . 14.50 Tr 2.1 1.3
Exhaust pipe 6.00 55.85. -Tr Tr Tr . 290 7.70 -— -
Ejector 40.60 27.40 2.50 0.4¢ 0.40 15.50 2.10 23 038
) T 31.40 32.50 180 usv - 0.4l 18.40 3.20 325 1.80
i rap 80.52 620 085 049 0.18 8.80 Tr 20 0.8

* Tr = traces.
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CHEMICAL COMPOSITION OF THE FLUIDS
FLOWING FROM THE CERRO PRIETO WELLS, MEXICO (REF. 14)

Table 2-6

well Sampling Pressure Chemical composition in ppm Ratios
No. Date (psig) Na K Li Ca Cl B CO, HCO, SiO, Na/K Na/Ca
*M-1A 12/72 3 4175 575 11 212 7470 8 ] 62 235 12.3 34
*M-3 8/72 200 5875 13312 15 3 11261 11 13 64 507 7.6 3
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 n 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 65 495 101 25
*M-10 12/72 197 5500 1487 17 232 9910 14 13 179 675 6.3 4]
M-11 6/73 578 8281 1987 18 494 15965 17 4] 59 870 7 29
M-13 6/72 148 8775 2200 26 448 16254 11 27 27 880 6.7 34
*M-15 3/69 315 5375 1587 - 260 9604 7 0 19 123 5.7 36
M-15A 1/75 212 6000 1125 15 32 11500 9 24 19 678 9.1 321
M-19A 2/75 415 8540 2124 20 547 16750 - - - 97 6.8 26.8
M-20 1/74 120 7100 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 1 48 850 6.7 26
PoM-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 55 35
*M-53 11/74 1088 7843 2742 - 341 16483 - - - 1441 4.8 39.5

*Samples were obtained by bleeding the well through a small drainage line.
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Table 2-7

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

Measurement As M-5 M-6 M-7 M-10
Silicon 510 15.1 T 1.8 19.5
Iron FeS 83.4 T 1.2 1.6
Calcium CaC03 C 15 97.5 93.0  75.5
Magnesium MgC03 T 2.5 4.0 2.2
Depth (m) 604 -- 200 --
T = trace
Table 2-8

CHEMICAL COMPOSITION OF SCALE IN PRODUCTION PIPE
OF WELL M-9 (750731) AT 147-170 METERS, CERRO PRIETO, MEXICO (REF. 15)

CaC03 75.56%

5i0, ' 12.51%
NaC1 0.82%
FeS 9.46%

2-7
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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. MWe 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 1istin§ 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 COp, 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, Tead, 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.

3-1



Table 3-1

TYPICAL TREATMENT METHODS TO CONTROL SCALE FORMATION

Scale Type

Silica

Silica

Silica

Mi xed

Calcite in borehole

Silica and arsenic

Silica

Calcite

Treatment Method

pH adjustment (acid injection)

Injection of bése (NH3 or
NaOH) :

Dilution of the unflashed
geothermal fluid

Application of electrical
potential

Maintain COp pressure

Acid addition

Alkaline phosphate addition

Sedimentation and coagulation

(addition of slaked 1ime,

hypochlorite, and flocculant)

Plain sedimentation; retention

tank

Addition of scale inhibitors
and sequestrants (polyphos-

phates, EDTA)

3-2

Comments

Tested at Magmamax No. 1
well, Niland, California

Sinclair wells, Ca]ifofnia
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

Used at Wairakei and
Broadlands, New Zealand

Used at Otake, Japan, and
Ahuachapan, E1 Salvador

Proposed method
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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, KC1, and CaClj
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 increases 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:

-731
T

where C.is the silica concentration in ppm and T is 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.

log C = + 4.52

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

-810
T

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)

log C = + 4.82

Silica is less soluble in NaCl solutions than in pure water. An increase in salin-
ity decreases the activity of water (EHZO) which in turn Towers 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 HC1 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. 3-1. Solubilities of various silica phases along two-phase
curve (water plus vapor, pH = 7.0) (Ref. 35)
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Fig. 3-2. Solubility of silica in water (25°C) (Ref. 36)
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and 1iquid fractions formed as the brine moved from the geothermal reser-
voir, up the wellbore to the surface. Although the separated Tiquid
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, 1/4 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 prior to
and after expansion through nozzles was 18 weight percent to 22 weight
percent, respectively. Nozzles and wearplates were fabricated from
Ti-6A1-4V 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 m1nutes
after samples were taken. (Ref 31)

(2) Addition of Base. Brine treatment methods for controlling 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 of silica increases at pH 8.5 or higher because the disso-
ciation products of silicic acid are more soluble than the undissociated monomer,
HgSi0g4. ’

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:

(HpSi03)y = mH2S103 (6)
HpS103 + mH20 = H' + (HSi03-nHp0)2 (7)
(HS103-nH20)™ = W' + (S103-nHp0)%" - (8)

HY + OH™ = Hy0 9)
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As base (OH™ ) is added, H" will be removed as in Eq. (9) and the equi-

libria shown in Egs. (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-1ike flakes which grew to 15 to 30 mm inside an 8 inch pipe. The scaling was
reduced by mixing unflashed fluid from the drillhole to a 35% dilution with cold
water at atmospheric pressure. Addition of dilution water reduced the silica 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 and

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 CO, 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 10% 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:

HpO + 2Mg™" + S103 - MgpSiog + 2H
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Optimum separation efficiency of silica using Mg02 or MgCO3 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., Mg2SiOg)
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 +5V, -5V, and neutral electrodes.
The authors feel that the results of the'pre11mihary 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.qg., Pb(OH)+, (FeOH)+] are being precipitated in the pres-
ence of an electric field which would remain in solution otherwise KRef. 43).

2. Sulfide Treatment Methods

Fig. 3-3 is a schematic diagram proposed for typical reactions in sulfide scale
formation (Ref. 44). While CupS 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 H»S, dissolution of CupS, and will shift the equili-
brium to favor CO, formation, as shown by equation 4. Removal of COp and HS will
1limit subsequent precipitation of carbonates and sulfides.

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

s 4yt = ST

HpS (gas)

X
w
]
+
-
-+
n
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Table 3-2

SPECTROCHEMICAL ANALYSIS REPORT

Selected elements were examined for direct comparison of relative amounts in each
sample. One sample (indicated by b) was selected as a reference for each element,
and the values for other samples determined by relative intensity ratios. (Ref. 43)

Charge Si Fe Cu Ag Al B Ga Cr Be Ba pp?
5V C26% 143 7% 0.5% 1 % 0.3% 0.08% 0.06%4 0.06%  0.03%
+5 Y 24 17 8 03> 0.8 0.3 0.05 0.08 0.05  0.03
+5 V 26 6 8 0.5 1 0.2 0.05 0.06 0.05  0.03
0 22 10 8 2 0.8 0.2 0.04  0.01 0.04  0.01
0 -2 0 10 2 1 0.2 0.05  0.02 0.05 0.02
0 26 6 8 2 0.8 0.2  0.05 0.03 0.04  0.02
-5y w0 sdb 0 1 0.3 0.1® o0.01® o0.02® o0.01® o0.mP
5V 1k 6 9 0.7 0.3 0.1 0.02  0.02 0.0 0.02
-5V 16 8 20 2 0.5 0.2  0.03  0.02 0.02  0.01
Pipe 10 8 6 0.0 0.3 0.1 0.03 0.0 0.01 0.02
Nozzle 12 6 6 1 0.6 0.09 0.02  0.05  0.01 0.01

3pifferences in Tead concentrations were too great to apply this method.

(N

s+ 2H" =H,$

HZS removal

(2) (3)
_ = H decrease =
HS™= H + S o= s™+ 266" = Cuys
Oxidation C02 removal
(6) (4)
— + = = - - +
ZHZO + 2S= 02 + 4H + 2§ CUZS + HZO + CO2 HS + HCO3 +2Cu

71

HZSO3’=' HZO +O,+5S

Chloride complexing

(5)

cot o+ 3CI'?CUC|§

(8) 1§
+ =,
4H + 2504— 02 + 2H250

3

Fig. 3-3. %chematig diagram of typical reactions in sulfide scale formation
Ref. 44
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As base is added, the 52' concentration increases and insoluble sulfides start to
precipitate as follows:

M 4 x$27 = MpSy

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: ' '

Cly ) c1m )
s© ) , HNog ) > S0 ), NO3 )
HoS ) ‘Na0C1 ) s ) )

FeCl3 ) Fe'" )

. sulfur
ox1d§nt product

A poséib]e problem here is ‘the formation of insoluble metal sulfates (e.g., Ca504),
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 CO2. The method utilizes injection of com-
pressed air through a perforated pipe or similar system to produce fine bubbles.
The HoS gas is exchanged from the water phase to the gas phase, according to the
equations: '

. Gas absorption:

Cp = S'- (5 - co) 1o KAVt (1)

Gas release:

Ct =S+ (Cg - 5)10-k(A/v)t : (2)
These forhu]as 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 C¢ 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.

3-9



3. The rate of gas transfer is directly proportional to the gas trans-
fer coefficient k which in turn is 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 S. Temperature also influences diffusivity and film

resistance and hence the value of k.

Ihe term)go 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 coo]ihg, heating, and steam generation purposes. The solubility
of CaCO3 in water and brine depends on a number of parameters including the follow-
ing: CO» gas partial pressure, temperature, pH, and the chemical-composition of
the brines. Methods for preventing CaCO3 scale formation are based on the suitable
control of one or more of these parameters.

a. CO02 Pressure. As the brine flows in a geothermal well from the reservoir, it
depressurizes and CO2 is released as a result of the fluid boiling. This release
of CO2 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 CO2 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 CO» 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 CaCO3 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 CO2
according to the reactions:

C032- + 1

-HC03-

HCO3™ + H' = HpCO3

HoCO3 = Hp0 + CO2™ (gas)
Removal of carbonate prevents formation of calcite; however, large amounts of acid

may be required due to any buffering action by the brine.

¢. 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.

10Ca*" + 6POF + 20H™ ~ 3Ca3(P04)pCa(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
sTudge 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 CaCO3 (Ref. 50, 51):

Ca(HCO3)2 + H2504 »—CaSO4 + 2C02 + 2H,0

A disadvantage in application to geothermal brines is the formation of other insol-
uble sulfates (e.g., BaSOs) 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 Tlarge
volumes (e.g., 1.8 x 10° kg/hr/well in SSGF) which contain silica, carbonates,
chlorides of sodium, potassium, and calcium, and various undesirable elements, e.g.,
B, COp, HpS, NH3, As, Hg. Disposal of geothermal effluents poses a problem of
environmental pollution in the development of geothermal resources. Methods for
disposal of geothermal effluents could include: surface disposal in Tocal water-
ways, evaporation ponds, or subsurface injection. Disposal by injection has some
advantages over other forms of disposal, for example elimination of thermal and
chemical 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. In several geothermal fields, e.g., the
Geysers steam field and Niland area of the Imperial Valley, Valles Caldera in New
Mexico, Ahuachépan in E1 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.



£ ;:‘if g‘-a £ : g d . E s (s
0¥V s d vpygy 3

In this section, we discuss existing geothermal and other methods used to treat
spent brines prior to disposal. Currently, spent geothermal brines 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 currenfvgeothermal spent brine treatment
methods. Spent geothermal fluids will have a Tower 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 coagulation, 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 0il Production Industry (Ref. 12), and Underground Waste Management and Environ-

mental Implications (Ref. 19).

1. Silica Treatment Methods

This section covers mainly a discussion,pf 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 prevention system); maintain COp Ref. 4

_ pressure

‘Formation plugging Sedimentation in Gravity Ref. 2
prevention ' holding pond

- Silica and arsenic Add slaked Time Precipitation Ref. 53
removal »

CaCO3 downhole deposits Pump 15% HC1 into Acidizing Ref. 21
removal injection well ' ’

3-13



Chemical

Alum
Sodium Aluminate
Ferric Salts

Lime (Hydrated)

Soda Ash (Crystalline)
Soda Ash (Anhydrous)

Caustic Soda

Acid Feed
(H2504)
(H3P04)
(NaHsSO04)

Surface Active Phosphates

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

Sodium Sulfite’

Sodium 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 réemoval
0il 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

Points of Application

Coagulation and sedimentation 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 sysfems; 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-derating heater;
suction or pressure side of boiler feed
pumps.

Any point in boiler feed 1ines or direct
to boilers.

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

To boiler feed lines; circulating cooling
systems.

Application depends updn material used.
Some materials may be added to boilers and
volatilize with steam; others are added to
steam line direct, requiring pumps.
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Table 3-5
BASIC PRETREATMENT STEPS (REF. 55)

I. Raw-waste storage--open, closed
II. Corrosion control--pH, inhibitors
ITII. Solids separation--settling, coagh]ation
IV. Filtration--fine, medium, coarse
V. Slime control--bactericides, shock

4

pH,
inhibitor Fluid
Inhibitor

e

| > B o l E l Storage
Cool Storage

and Coagulation
settling

Flotation

Filtration
(varies)

Insolubles Spare-

T Well

Fig. 3-5. 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 sedimentatibn," 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 (g - p) D2 D = particle diameter, mm
L = fluid density, g/cm3
(ft/hr) o = particle density, g/cm3
u = Tiquid 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 smal]ef'sedfmentation 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 sTow mixing speed once floc has formed; the coagulated material
separates from the fluid by gravity (see Fig. 3-6). CoagU]ation 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 a]umindm 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
flocs. These flocs 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. v

The optim@m_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 1ime. 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 flocs.

3-16
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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 Sulfate
Aly(S04)3+ 18H,0 + 3Ca(HCO;), — 2A1(0OH);) + 3CaS0, + 6CO, + 18H,0
Aly(SOy)3¢ 18H,0 + 3Ca(OH); — 2A1(OH);) #+ 3CaSO, + 18H,0 -
Ferric Sulfate
Fey(S04); + 3Ca(HCO;); — 2Fe(OH);) + 3CaSO, + 6CO,
Fey(504); + 3Ca(OH), — 2Fe(OH);] + 3CaS0,
TFerrous Sulfate
2FeS80,+TH,0 + 2Ca(HCO;); + 30y — 2Fe(OH)s} + 2CaS0, + 4CO, + 13H,0
2FeS0,-TH,0 + 2Ca(OH), + 30, — 2Fe(OH),| + 2CaS0, + 6H,0
Chlorinated Copperas .
2Fe80,:TH,0 + 3Ca(HCO;); + Cly > 2Fe(OH);| + 2Ca80, + CaCl; + 6CO, + 14H,0
2FeS0,-TH,0 + 3Ca(OH); + Cl, — 2Fe(OH);] + 2CaS0, + CaCl, + 14H,0
Potash Alum
Aly(S0,4)3+ K80, 24H,0 + 3Ca(HCO3), — 2A1(OH);) + 3CaS0, + K804 + 6CO, + 24H,0
Al(S04)3° K804+ 24H,0 + 3Ca(OH); —> 2A1(OH);) + 3CaSO, + K80, + 24H,0




Table 3-7

CHARACTERISTICS OF TYPICAL COAGULANTS (REF. 57)

Coagulant C‘:"";""":" Purpose Normal dosage pH range Charge  Precipitate produced Remarks

Aluminium filter alum  main coagulant 5-50 5.5-8.0 positive bydrated alumina  Floc is relatively light and will generally not

sulfate - (optimum: 6-7) settle against an upward flow greater than
'to assist coagulation 2-20 about 3 ft/h. Higher rates are obtainable,
with sodium however, in a sludge.blanket type of

aluminate plant.

Bodium B masin coagulant 5-15 4.0-7.0 negative hydrated alumina  Floc formed by double coagulation usually
aluminate coarser than that from filter alum alone.

to assist coagulation 2or Aluminate should be added #2 min

with aluminium 0.1-0.05 of before alum. Sometimes useful as main

sulphate alum dosage coagulant for surface waters of variable
composition.

Ferrous copperas main coagulant 5-50 4.0-11.0 positive* hydrated ferric At low pH values oxidation to ferric state
sulfate oxide may not be complete and treated water

may contain residual iron. Floc heavier
than that of alumina and settles faster.

Ferric —_— main coagulant 5-50 4.0-11.0 positive® hydrated ferric Floc heavier than that of alumina and
chloride oxide settles faster.

Ferric chlorinated main coagulant 5-50 4.0-11.0 positive® hydrated ferric Floc heavier than that of alumins and
chloride/ copperas oxide settles faster. Reagent solution prepared
ferric” as required by passing chlorine into
Sulfate forrous sulfate solution.

Activated R to assist coagualtion 1-15 5.5-8.0 negative hydrated gilica Used aa\a\ coagulant aid in conjunction with
silica sol with aluminium {expressed aluminium eulfate rapidly produces

sulfate as silica) strong, coarse floc which settles quickly.
May give effective treatment during
periods of spate and at low temperatures.

Bentonite or B — main coagulant or to 2-12 —_ —_ _ Increases density of floc formed from filter
other clays assist coagulation alum and thus gives faster settling.

with aluminium Should be added to water before filter
sulfate alum.

Calcium chalk to assist coagulation _ —_ — —_ Increases density of floc formed from filter
carbonate with aluminium slumn and thus gives faster settling.

sulfate Should be added to water before filter
alum.

Nalco 600 e main coagulant 1 — _ _ Cationic polyelectrolyte.

*May be negative at high p}l values.

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 Time:

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 1ime 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-1lime; 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 Si0p/Ca0 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 Table 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 Wairakei Broadlands
‘ Bore 67 "mixed" bores _Bore 22
pH at 20°C | - 7.8 7.9 , 8.6
$i0, (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
C1 2126 2100 , 1873
S04 31 32 10
B 29 28 60
As 4.5 4.3 4.3
Dissolved CO2 20 13 150

n.a. = not analysed



Table 3-9

ANALYSES OF DISCHARGE WATERS FROM WAIRAKEI "MIXED BORES" (AGED 2-1/2 HOURS)
AFTER TREATMENT WITH SLAKED LIME. (ALL QUANTITIES IN g/TONNE) (REF. 53)

Added Added
active flocculant .
Added chlorine (as (polyflok Monomeric Total
Ca0 hypochlorite) 90 AP) SiO, SiO, CaO As B pH
0 0 0 390 560 32 4.30 28 . 7.9
350 0 0 167 136 210 2.50 na. 11.2
350 10 0 159 117 221 0.45 n.a. 1.3
410 0 0 94 87 216 203 25 1.4
425 0 1 75 73 210 1.55 n.a. 11.5
580 [¢] 0 37 33 255 0.51 22 11.6
780 0 0 15 15 435 0.13 n.a. 1.7
985 0 0 6 6 575 0.06 n.a. 1.9
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 1/2 HOUR)
AFTER TREATMENT WITH SLAKED LIME (REF. 53)

Added Length Mono-

Added active of meric Total As As (V) pH
Cao chlorine run SiO, SiO, CaQ (chemical) {polarog.) B value

{g/tonne) (g/tonne) (hours) (Alf quantities in g/tonne) )
0 0 — 410 910 2 4.3 1.5 60 8.6
460 0 280 258 170 33 03 55 10.3
5 41/2 290 263 170 2.8 0.2 n.a. 103
io 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. 1.1
685 0 95 93 208 2.0 0.2 52 1.4
5 130 126 190 2.2 0.3 n.a. 3
10 43/4 120 116 190 1.7 0.2 n.a. 113
20 120 115 190 0.9 0.2 n.a. 13
815 0 11/4 70 70 228 1.2 0.0 n.a. s
1120 0 21/2 [ 7 440 0.1 0.0 -49 12.0

n.a. = not analysed
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Fig. 3-7. Sketch of pilot plant adapted for continuous
operation in Broadlands, New Zealand (Ref. 53)

b. Holding Tank. 'Thi; illustrates application of plain sedimentation treatment to
silica control. The précipitationvof 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 Fange. 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: NapSi03 solution neutralized with HC1. Initial total Si0p
975 ppm; initial soluble Si02 544 ppm; pH during run 7.3-7.9.

Curve III: NapSi03 solution neutralized with HC1, 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 were 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 Toads up. In o0ilfield
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 Tow filtration rates per square foot of fi]tér 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 Tess 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 Sequestrants. Sequestration is the process of maintaining

scale-forming cations (e.g., calicium, 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
Composition No. 7 No. 8 No. 9 No. 10
Lit 4.50 4.35 5.15 5.68
K 105 ’ 108 131 143
Na® - 846 805 936 1098
NHg ™ 0.11 0.05 0.06 0.15
catt 9.9 19.8 12.3 20.1
Mgt 10.025 0.055 0.190 0.010
Fe't 0.05 0.05 0.03 . 0.06
artHt 0.09 10.02 0.02 0.03
Mn** 0.00 0.00 10.00 0.00
F- 3.80 4.18 4.65 4.20
c1° 1219 12437 1474 - 1753
Br~ 2.48 2.82 3.40 4.15
I~ 0.26 - 0.22 0.26 0.33
S04™" 214 202 136 SN2
HCO3™ 76 . 65 a6 66
037" 2.10 1.80 1.44 1.86
pH 8.4 8.4 8.2 . 8.4
Table 3-12
ANALYTICAL RESULTS OF OTAKE SCALES (REF. 58)
Distance from the ’ '
Sample entrance of the pipeline Si0, A1203  Fep03 TiO2 H20
No. (in meters) (%) (%) (%) (%) (%)
1 0 | 78.45 462 3.22 0.34  8.34
2 950 87.98 2.36 - 0.66 0.07 7.3
3863 93.25  0.99° 0.15 0.11  4.60
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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 strihg; (2) passing the produced
water through a feeder containing the phosphate, and then recycling 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 metallic ions, é.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 iron-
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
sequestrants.

An additive based on polymeric carboxylic acid (trade name Belgard EV) for control-
1ing 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 121°C (250°F) or higher temperature (Ref. 78).
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Table 3-13
TYPICAL POLYMETAPHOSPHATES USED FOR PREVENTING SCALE FORMATION (REF. 18)

Name of Phosphate Formula
Tetrasodium pyrophosphate ‘ Na4P207
Sodium triphosphate Nz115P30]O
Trisodium tripolyphosphate Na3P3O9
Hexasodium hexametaphosphate Na6p6018
Sodium-calcium phosphate NaZO-CaO-PZO5
Sodium-magnesium phosphate NaZO-MgO-PZO5
Sodium-zinc phosphate NaZO-ZnO-PZO5
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Fig. 3-10. Effect of pH on chelating power of EDTA (Ref. 66). (This
is for Ca only. pH curves for other metals 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)

Solubility pH of ppm necessary to complex
g/100 cc Hp0 Water 1 ppm of Alkaline Earth Metal
@ 26°C (79°F) Solution Mg+t catt Batt
Ethylenediaminetetra-
acetic acid 0.02 2.3 12.0 7.4 2.1

Disodium ethylenediaminetetra-
acetate dihydrate 11.1 5.0 15.4 9.5. 2.7

Trisodium ethylenediaminetetra-
acetate monohydrate 57.0 8.4 15.6 9.6 2.8

Tetrasodium ethylenediamine-
tetraacetate dihydrate 103.0 10.3 16.9 10.4 3.0

b. Closed Treatment Systems. A closed treatment system has the objective 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 CO2 will increase

the 1ikelihood of CaCO3 formation.

In 0ilfield 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:

Ho0 + Clp 2 H™ + €17 + HOC
Hoc1 2 H' + oc1™

The above reaction is influenced by 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 SOz 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 curFent]y in use, or which may be useful in
controlling geothermal corrosion. The methods generally fall- into one of two cate-
gories: (1) removal of brine constituents which cause corrosion (e.g., COp, HpS),
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 other standard
environments for the production of electrical 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 COp, H2S, NH3, and Hz,
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:

. Uniform'éurface corrosion--ordinary rustingqoﬁ the surface of the
metal resulting in reduction of metal thicknéss by a uniform amount.
See Table 4-1. S - - .

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

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

® Erosion-corrosion due to mechanical abrasion of the passive film
on a metal resuiting 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.



Table 4-1
SURFACE CORROSION RATES OF METALS IN GEOTHERMAL MEDIA (REF. 68)

Aerated Condensate/
Metal Bore water! Water* Steam* steam® Condensate* fresh water Highly acid
> 200 «C ~ 125 0C 100-200 °C ~ 100 °C ~ 70 °C nnx’toureé thermal water®
Titanium 0 0 0 0 — — 0
Chromium (plating on steel) 0 [ 0 — —_ —_—
Aluminium I 0.8-P 0-P-1 0-P 0.2 9 28
Zinc (coating on steel) su 1 0-1-p S S -_
Austenitic stainless steels® 0.1 0 0 0 0 0 22
Ferritic stainless steels!® 0-0.1 0.1-P 0-0.3-P 1-P 0.1-P 0-0.5 -_
Carbon and low alloy steels 0.3-04 0.3-0.5 0.3-6 20 3 30-170 1,000
Grey cast iron 1 0.4 1-3 10 _— 90 —
High silicon cast iron —_ —_ 0.5 -— —_ 8
Brasses!! 5 0.3 0.3-0.6 40 0.2 _— —_
Bronze 20 — 2 9 —_ —_ —_
Aluminium bronzes 10 — 2-3 10 i - -
Silicon bronze —_ _ 3 20 -—_ —_— —
Cupronickel 9 —_ 2 — —_— — -
Beryllium copper 10 —_— 4 — — — —
Copper ’ 20 10 2 40 5 - —_
Nickel 6 - 1 8 2 —_ —_
Monel and K Monel 8-10 1 24 10 4 — 14
Nimonic 75 ) 0.3 — 0 — — - -—_
Inconel 1 0 0-0.3 80 — — 20
Lead, antimonial lead : — — 0.5 2.5-p — 1 6
1. 1 mil = 0.00] inch. Data mainly from references 1, 4, § and 12. 8 Natural water in a volcanic crater (Tombs, 1960).
2. Tests in water at botiom of a closed geothermal bore. 18/8 CrNi, 18/8/3 CrNiMo, and 18/12/2 CrNiMo varieties.
3. Water separated from wet geothermal steam at wellhead. l0 13 Cr, 17 Cr, 17/2 CrNi varieties.
4. Steam separated from discharging geothermal bore 11. 60/40 CuZn, srsenical 70/30 CuZn varieties.
5. Geothermal steagn mixed with injected air. I = internal attack with embrittiement.
6. Geothermai stcam scparated and d d under p °. P « pitting.
7. Geothermal steam condensed with freshwater to stimulate fuid in & S = zinc coating stripped.

jt condenser hot 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., HoS and C02).

1

HoS + §'02 Z Ho0 + 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 suifite reacts with dissolved oxygen to form
~sulfate as follows:

7 02 + Naz03 ~ NapS04

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 SO2 at high temperatures. Hydrazine (NoHg) is effective for reducing
oxygen even at high temperatures. The reaction with 0 is as follows:
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N2H4 + 02 +No + 2H20

In one experiment, hydrazine removed 81% of the oxygen from boiler feed water at
47°C (117°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., Cutt, Mn*t) increases
the reaction rates (Ref. 71).

Sodium sulfite (10 ppm NapSO3 per 1 ppm 0p) 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.
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Fig. 4-1. Effect of catalysts on rate of oxygen-sulfite
reaction (Ref. 70) :



CORROSION DATA AT 105°C AND

Y4Ed 0 ppBp
Table 4-2

1 ATM, 15 DAYS (REF. 74)!

General corrosion, mpy

Crevice corrosion

2

Air-aerated Deaerated Air-aerated Deaerated
Holt- {Niland [Holt- [Niland |{Holt- [Niland [Holt- |Niland
ville |brine |ville |brine |[ville (brine |ville |brine
brine brine brine brine
(3w/0) | (28w/0) | (3w/0) | (28w/0)|l (3w/0) | (28w/0) | (3w/0) | (28w/0)
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-Brite 26-1 .0 3.6 .0 0 1 1 1 1
Type 302 ss . -- .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
Hastelloy S .1 .0 .1 .0 ] 4 1 1
Hastelloy G . . N .0 1 4 1 1
Hastelloy C-276 . .0 . .0 1 1 1 1
Copper 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 -- '
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 . .0 .0 .0 -- 1 -- 1
Titanium-10V .0 .0 .0 .0 -- 1 -- 1
Aluminum Base:
T 2024-T3 345.4 | 34.9 4.9 {.%1.3 -- 6 -- 6
6061-T6 2.1 | 56.6 2.1 330.4 -- 1 -- 1
Molybdenum Base:
TIM 3.0 1.4 0.2 0.0 -- 5 -- 1

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

2Numbers indicate extent of corrosion as follows:
4. Moderate (> 1 mpy but < 5 mpy)

1. Not detected

2. Very slight (< 0.1 mpy) 5.
3. Slight (> 0.1 mpy but < 1 mpy) 6.

3pits 60 mils deep.

Severe (> 5 mpy but < 50 mpy)
Very severe (> 50 mpy).




Table 4-3

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

Type of Corrosion
General c 1
mpy Crevice Stress

Iron Base:

Sandvik 3RE-60 2.0 4 Detected

E-Brite 26-1 0.1 1 Not detected

Type 316L ss .0 2 Detected

Carpenter 20 ss .3 3 Detected
Nickel Base:

Monel 400 19.8 1 Not detected

Inconel X-750 0.3 3 Not detected

Inconel 625 .0 1 Not detected

Hastelloy S .0 2 Not detected

Hastelloy G .1 2 Not detected

Hastelloy C-276 .0 1 Not detected
Copper Base:

70-30 Cupronickel 15.2 1 Not detected
Titanium Base:

Titanium 0.32 4 Not detected

Ti-T1.7W .0 1 Not detected

Ti-2Ni . 3 Not detected

Ti-10V .0 1 Not detected

‘|Molybdenum Base:
TIM 0.6 1 Not detected

INumbers indicate extent of corrosion as follows:

1.
2.
3.
4.

Not detected
Slight (< 1 mpy)

Moderate (> 1 mpy but < 5 mpy)

Severe (> 5 mpy)

2Pitting 2.0 to 6.0 mils deep.
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Table 4-4

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

120°c (250°F)

Material

Problems

120°c-180°C (250°F-350°F)
Material Problems

180°c (>3150°F)

Material Problems

Low alloy steels
12 Cr steel

Erosion
High corrosion if

Dry Steam Carbon Steel ; ,Corrosion fatique

Water
pH >8 carbon steel
pH 6-8 Carbon steel
Aluminum
_Titanium
316 ssT
pH 4-6 Carbon steel
Aluminum
Titanium
Zirconium
316 SST
S6Ni-15Cr-16Mo*
PH 4 Titanium

Zirconium

S6Ni-15Cr-16Mo*

steam -condenses

Erosion

Erosion
Test for pitting

<50 ppm c1”
required

Short life
uses only

Test for pitting

<50 ppm C1~
required

R&D Required

#*Such as Hastalloy C

Carbon Steel

Low alloy steels Corrosion fatique

12 Cr steel Erosion
Titanium Specify corrxosion
Zirconium allowance
Carbon steel Hydrogen

embrittlement
Low alloy steels Erosion

Specify corrosion

allowance
Carbon steel Erosion

Specify corrosion
Low alloy steels allowance
Aluminum Test for pitting
Titanium Test for pitting

and crevice

corrosion (especially

in brines)
56Ni~15Cr-16Mo

Aluminum Pitting Test
Titanium required
Zirconium

S56Ni-16Cr-16Mo*

Titanium R&D Required

Zirconium

Cr—-Mo steels} orrosion fatigue

12 Cr steels Erxosion
pecify significant
corrosion allowance
R&D on turbine
materials

Zirconium

vitanium Lack of data

Alloy steels  Hydrogen
embrittlement
{for strength Erosion
Specify corrosion
allowance
Need RsD for data

R&D Required

Titanium or 56Ni-15Cr-16Mo*

. R&D Required
Titanium or S56Ni-15Cr—-l6Mo*

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. 5-1). 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 5-1 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., HC1 for CaC03 deposits, HF for sand or silica. Calcite reacts with HC1 to
form soluble CaCl2 according to the reaction: '

CaCO3 + 2HCT > Ca' ' + Hp0 + COp + + 2C1°

Acid cleaning of CaCO3 deposits with HC1 was accomplished in East Mesa Well 5-1
by pumping 19,000 liters of inhibited 15% HC1 into the bore (Ref. 21). East Mesa
5-1 has the following casing parameters:

Casing Depth Interval Slotted Interval Average Saraband
(0.D., inches) (meters) (meters) Sand Permeability
20 0-18 - --

13-3/8 0-312 -- , --
7-5/8 0-1830 1525-1830 69 millidarcies

On acidizing, sufficient deposit was removed to permit lTowering of small diameter
downhole instruments into the bore; this previously was prevented by the CaCO3
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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Table 5-1

TYPICAL TREATMENT METHODS FOR SCALE REMOVAL

Scale Type

CaC03 (calcite) in borehole

Calcite in well casings

Silica in flow control
equipment and heat
exchangers

Silica in borehole
Calcite in\boreho]e
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 HC1 into
the well

Wash with inhibited HC]

Wash with ammonium
bifluoride

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

5-3

Comments

Acidizing used at East
Mesa Well 5-1 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). 1In 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% HC1 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/cmé G* t/h t/h kg/cm? 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 Hveragerdi,
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
so]utiqns to form soluble silicate:

Si0p + 20H™ - S0 + Hy0

Scale containing 90% silica was removed from a well in Matsukawa, Japban, 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., HC1) 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 1imited 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/1b) at Cerro Prieto are expected to plug with calcite in about one year,
and the high enthalpy wells (650 Btu/1b) 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 mobilization 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 1ining 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-1iquid 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 diameter 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 Tline was



cleaned by hydroblasting. Depending upon drainage and length of the 1iné, 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 generaily achieved with a Tow 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 Tiguid 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:
The device consists essentially of a permanent magnet where the core is
an iron cylinder 40 to 50 cm long and 10 to 20 cm 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 pipe]ine. 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. (Ref. 29)

H. 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 associated with these
"after the fact" solutions:

o The well must be taken out of service to perform cleanout.
® Frequency of cleanout for some wells may be prohibitively high.

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

® Chemical or mechanical methods of cleaning may damage well cas1ngs
and piping.

For additional information on scale removal, see the papers, "0Oil1field 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



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, HoS). 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 Taboratory 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 not 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.,
HCT, HF) into a bore. (Ref. 1)

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

Cavitation--(1) The action resulting from forcing a flowing stream to change direc-
tion in 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 Tiquid normally in contact with it.

Coagulation--In water and 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.



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 water, 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
Targe 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 Tiquid 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 Tliquid 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
Tiquid 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 suifate, and lime.

Flocculation 1imit--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.
iZi_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——Thé 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 Tiquified 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.

H--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 Tless 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 Tayer 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 des1gn 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 (CT). (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.

8-4



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.paraliel 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-
sq1ved 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
material.

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. ‘ :



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 Tiquid 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-
.abTle 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 siow rate of filtration, commonly 3-6 mgd/acre of filter
area. i

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 Bureau of Standards, United States of America Standards Institute-
(formerly American Standards Association), United 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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Suspended 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 1iquids, 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
Tiquid.

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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APPENDIX A
(Reference 82}

BASIC WATER TREATMENT PROCESSES

A wide range of tréatment 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 housthold 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. Water softening.
compounds used in laundering are forms of internal treat-
ment. Water treatment processes are in themselves users of
water. Normally, 2 to 10 per cent of the feed water ends up
as waste generated by treatment processes (see Table VI-3).
Thus, the actual water intake is greater than the treated
water produced.

EXTERNAL WATER TREATMENT PROCESSES

Figure VI-1 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 analvsis such as shown
in Table V1-4. Table V1-4 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. Waste 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.,
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 18
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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. The 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

Example of waste

Treatment processe Character of waste produced Waste volume weightt dry basis
pereentage fiow  pounds solids /1, 000
gl processed
Rough sereens. ................ Large objects, debris
Sedimentation. . . Sang, mud sturry 510
Clrifiation.................... Usually acidic chemical studge 5 13
and settied matter
Cofd fime softening.. ........... Alkaline chemical sludge and 5 1.7
settled matier
Hot lime softening (+212F).._.. Alkaline chemicat siudge and 25 1.7
settled matter
Aeration..... ... ............... Gaseous, possible air poliutant,
such as hydrogen sulfide
Filtration, gravity, of pressure ... Sludge, suspended solids 5 0.1-0.2
(for packed bed units)
Adsorption, activated carbonfor  Exhausted carbon it not re- 25
odors, tastes, color, organics generated. Small amounts
carbon fines and other solids
can appear in backwash.
Carbon regeneration is sepa-
rate process (usually thermal)
in which air poftution prob-
lems must be met.
Manganese zeglite, for iron fron oride suspended solids  Similar to other
femovat fittration prodesses
Miscellaneous, e.g., precoat, As in other filters. Precoat -5 0.1-0.2
membrane, dual media filtra- waste includes precoat ma- {plus precoat ma-
tion fine straining terials. terials when used)
Reverse osmosise............... Suspended and 50-93 percent 10-50 1.0-2.0
of dissotved solids plus chem-
ical pretreatment if required
Electrodialysise . ... Suspended and 80-95 percent 10-50 1.0-2.0
of dissoived solids plus chem-
icat pretreatment if reguired
Distiliation..................... Concentrated dissolved and 16-15 1.8
suspended solids
lon exchange processesé
Sodium eation................ Dissolved calcium, magnesium 6 1.3
and sodium chiorides
2-bed deminerafization. .. ... Dissolved solids from fesd plus 10-14 &5
regenerants
Mixed bed demineralization ... Dissolved sofids from feed plus 10-14 >§
regenerants
Internai processes. ... Chemicals are added directly

into operating tycie. At leasta
portion of process steam con-
taining added chemicals, dis-
sofved and suspended solids
trom feed, and possibly con-
tamination from process can
be extracted from the cycle for
disposa! or treatment and re-
cycle.

* Processes are used alone of in various combinations, depending upon noed.

1] ke
Amounts based gn application of process to raw watar shown in Table ¥)-4 These vatues do not necessarily apply
When these processes are used in tombinations.

;Fud must be retatively free of suspended matter,
Thare e many variations, Listed here are a few of the most important.
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TABLE VI-4—Typical Raw Water Analyses and Operating
Results (mg/l, unless otherwise indicated)

After Atter
After  clarification, charification,
After cold time  fitration,  filtration,
Constituent Expressed  Raw watero clarification  seftening  and sodium-  and
s and and cation  deminerali-
fittration filtration  exchange ation
softening
Cations=
€aCo: 5.5 51.5 8.7 10 0
Magnesiom.. ” 19.5 19.5 1.5 1.0 0
Sodium. .. ” 18.6 8.6 18.6 8.6 1-2
Potassium . " 1.8 19 1.8 1.8 0
Tota! Cations e " 81.4 91.4 7.6 1.4 1-2
Anionse
Bicarbonate. ... ... .. " $6.8 a.s 0 41.8 0
Carbonate " 0 ] u.0 0 0
Hydroxide " [ ° 0 0 1-2
Sufate .. 21,8 3.8 3.8 30.8 0
12.0 12.0 12.0 12.0 ]
0.8 c.8 0. 0.8 0
9.4 9.4 6.6 81.4 1-2
0.16 Nit Nil Nil Nit
9.0 8.0 8.0 9.0 .01
15.0 -5 -5 Nil Nil
" 100.0 0-2 02 Nil Nil
" 6.5-1.5 6.0-80 S.0-11.0 60-80 7.0-90

© Taken from Livingstone 1963°; adjusted stightly for ion batance and for expression as CaC0y equivalents.
& Developed by the Panel for illustrative purposes.

effluent 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 Processes

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 efluent 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 color-producing 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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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 wreatment 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. '

Ton Exchange Ion exchange is a versatile process with
several dozen variations. Ton exchange technology is rapidly
advancing. New 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 jons 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.
When 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. Lhey
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; amines, 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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ROCK=FLUID INTERACTIONS: SILICATES: SULFIDES:
THERMODYNAMICS S UNDERGROUND CISPOSAL.

BERCSTROM 68
BR INE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- FEASIBILITY OF SUBSURFACE DISPOSAL OF
INDUSTRIAL WASTES IN ILLINCIS.

AUTHOR- BERGSTROMy FKeEe [ILLINCIS STATE CGEQLCGICAL
SURVEYs URBANA, ILL. (USA)]}.

REFERENCE= FEASIBILITY OF SUBSURFACE CISPGSAL OF
INOUSTRIAL WASTES IN ILLINOIS. CIRCULAR 426,
ILL. STATE GEOLCGICAL SURVEY, UREBANA, IlLeo
1968y 18 Pes

DESCRIPTORS= AQUIFERS? DEEP WELLS3 FEASIBILITY
STUDIESY GECLGGYS HYDROLOGY: INJECTION WELLSS
LIMESTONZS LIQUIL WASTES? LITHCLOGYS
PERMEABILITYS FCLLUTIONS PCROSITYS RECGULATIONSS
ROCKS3 SANDSTONE$ UNDERGROUND DISPOSALS WATER
POLLUTIONS WATER QUALITYS ILLINCISS ILLINOIS
BASIN.

BOOTH 72
BRINE TREATMENT/SPENT FLUIC OISPOSAL

TITLE- FINAL DtSPOSAL OF EFFLUENT BRINES FRCM INLAND
DESALTING PLANTS,

AUTHOR= BOOTHy JeRe 3 JReISHEPHERDy 3 4Pe tMCILEENNY,
WeFe {DOW CHEMICAL CO.» FREEFORT, TEXe. (USA)],

REFERENCE=- FINAL DISFCSAL OF EFFLUENT BRINES FROM
IMLAND DESALTING PLANTS, INT=-0SW=ROPR~72-817,
OFFICE OF SALINE WATER, WASHINGTON, MAY 1972,
181 P '

DESCRIPTORS= AQUIFEKS? BIOLOGICAL FCULINGS ERINE
TREATMENT: BRINES: CASE HISTCRIES: CHEMICAL
ANALYSIS: CHEMICAL COMPOSIYTIONS
CRYSTALLIZATIOMN; DEEP WELLSS? CESALINATICNS
DESALTING PLANTSS DISPOSAL FCRMATIONSS
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DISSOLVED SOLIOS: DOLOMITE RCCKS3 ECCNCMICS?S
ELECTRODTALYSISS ENVIRONMENTAL EFFECTSS
EVAPORATION PONGSS RESERVOIR PRESSURE?: GEOLGGY:
GRAVEL PACKINGS INJECTION WELLSS LEGAL ASPECTSS
LIQUID WASTESS LITHOLOGYS PERMEABILITYS
PERMEABILITY RISTORATIONS PG VALUE: PORCSITYS
REVERSE OSMOSIS$ SANDSTONE3? STRATIGRAPHYS
UNDERGROUND DISFOSALS WASTE CISFOSALS KELL
DESIGN: WELL L C(CGING? SAN JUAN BASINS KANSAS3
COLORADO: TEXAS: NEW MEXICO3 NORTH DAKCTA.

CAVIS 72
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- CONTROL OF UNC(NSOLIDATED SANGS IN
WASTE=DISPOSAL WELLS.

AUTHOR= DAVIS, KeE+3FLNKy ReJe {SUBSURFACE CISPOSAL
- CORPORATIONy HOUZTON, TEX. (UQA)I.

COOKy ToDe (EL4)

REFERENCE= UNDERGROUNC WASTE MANAGEMENT AND
ENVIKONMENTAL IMPLICATIONSe AM., ASSQC. FET.
GEOLey» TULSA, OKkLAesy DEC 1972, MEMCIR 18, P.
112-118.

DESCRIPTORS= CASE HISTORIESs DEEP WELLS: DISFCSAL
FORMATIONES £XPERIMENTAL RESULTSS FIELC
STUDERGROUND D ISPOSAL?Y WASTE DISPOSALS WELL
COMPLETION: WELL DESIGN: TEXAS3 LOUISIANA: IESS
FORMATION CAPACITYS GRAVEL PACKINGS OILFIELD
BRINESS SAND CONTROLS SANDSTONES UNO*E

SC=DONALDSON 72.

BR INE TREATMENT/SFENT FLUIO DISPOSAL

TITLE- INJECTION WELLS AND OPERATIONS TODAY.

AUTHOR=- DONALDSON, Eo.Ce [BUREAU OF MINES,
BARTLESVILLE, OKLAs (USA). BARTLESVILLE ENERGY
RESEARCH CENTERI,

CO0Ky TeDs (ECs)

REFERENCE~ UNDERGROUNLC WASTE MANAGEHENT AND
ENVIRONMENTAL IMPLICATIONSe. AM. ASSOC. PET.
GEOLe» TULSAs OKLAsy DEC 1972y MEMCIR 18, P,
2“'“60

B-3



DESCRIPTORS= ACIGIZATION: BACTERIAS CASE KISTORIES:
CHEMICAL ANALYSIS: CHEMICAL CCMPATIEBILITYS
CHEMICAL COMPOSITION: CLAY MINERALSS CCRROSICN;S
CORROSION INKIBITORS: DEEP WELLSS DISFCSAL
FORMATIONS: OOLCMITE ROCKS: ECONCMICS:
ENVIRONMIENTAL EFFECYSS FILTRATIONS FLUIC
MECHANICSS FLGCCULATING AGENTS; FLOW RATES
GEOLOGY: GFOUND wATER: HYDRAULIC FRACTURING:
INDUSTRIAL WASTESS INJECTION WELLSS LIMESTONES
LIQUID WASTESS LITHOLOGY: MATHEMATICAL MCDELSS
MEASURING METHOCS: OILFIELD ERINES:
PERMUABILITYS PH ADJUSTMENTS PH VALUES
PLUGGING? POROSITY: PRECIPITATIONS
PRE=INJECTION TREATMENT: RESERVOIR PROPERTIES?

SANDSTONES SCALINGS SCALING CCNTROL: SFECIFIC
INJECTIVITY INGCEX3 SURFACE EGUIPMENTS SUSPENTEC
SOLICS: THEORETICAL TREATMENTS: TRANSMISSIVITY3
UNDERGROUND OISFOSALY WASTE CISPOSALS WASTE
MANAGEMENTS WASTE WATERS WELL CASINGS.

CONALDSON 74
BR INE TREATMENT/SFENT FLUIC CISPOSAL

TITLE= SUBSURFACE WASTE INJECTION IN THE UNITED
STATZSe. FIFTEEN CASE HISTORIES.

AUTHOR= DONALDSCNy EeCe3THOMASy ReDe 3JOHNSTONy KeHe
{BARTLESVILLE ENERGY RESEARCH CENTER,
BARTLESVILLE, CKLA, (USA)], '

REFERENCE~ SUB3SURFACE WASTE INJECTION IN THE UNITEC
STATES, FIFTEEN CGASE HISTORIES. INFORMATION
CIRCULAR (636s EUREAU OF MINES,
WASHINGTONyDeCsw 1974, 72 Pes

DESCRIPTORS= ACIDIZATIONS AQUIFERSS BIOLCGICAL
FOULING3 CASE HISTORIESS CHEMICAL
COMPATIBILITY; CHEMICAL REACTIONS: CLAY
MINERALS? CORRGSIONS DEEP WELLS: DISPOSAL
FORMATIONSS DOLCFITE ROCKSS? €CCNOMICSS
FILTRATION: FLCCCULATIONS FLOW RATES GECLOGYS
GROUND WATERS HYORAULIC FRACTURINGS HYDRAULICSS
HYDRODYNAMICSS HYDROGEOLOGY: HYDROLOGYS
HYDRCDYNAMIC GRACLIENT: INDUSTRIAL WASTESS
INJECTION PRESSURET INJECTIGN RATESS INJECTICN
WELLSS LEGAL ASPECTS: LIMESTCNES LIGUIC WASTESS
LITHOLOGYS PERMEABILITYS PH ACJUSTMENTS
PLUGGINGS POLLUTIONS POROSITYS PRECIFITATIONS
PRE=-INJECTION TREATMENTS RESERVOIR PROFERTIESS
RESERVOIR PRESSUFE? SANDSTONES SEDIMENTATIONS
SHALES STORAGE CAPACITY: STRATIGRAPHYS



SUBSURFACE RESERVOIRS3 SURFACE EQUIPMENT;
SUSPENDED SOLIDS: UNDERGROUNC DISPOSAL3 WASTE
DISPOSAL., -

EFRLICH 72
BRINE TREATMENT/SPENT FLUIC OISPOSAL

TITLE- ROLE OF BIOTA IN UNDERGROUND WASTE INJECTICN
AND STORAGE,

AUTHOR=- EHRLICH, GeGo [GEOLOGICAL SURVEY, MENLO
PARKs CALIF. (USA)I.

COO0Ks ToDe (EL.)

REFZRENCE= UNDERGRCUNT WASTE MANAGEMENT AND
ENVIPONMZNTAL IMPLICATIONS. AM. ASSOC. FPET.
GEOL.y TULSA, COKLAey DEC 1972, MEMOIR 18, P,
298-=307.

DESCRIPTORS- BACTERIA: BICLOGICAL EFFECTSS
BIOLOGICAL FOULING: CHEMICAL REACTICNS;S
CORRCSIONS GROUNL WATERS INJECTION WELLSS
MICRCORGANISMS; CILFIELD BRINES: PETROLEUM
INDUSTRY: PLUGGINGS UNDERGROUND DISFCSALS WASTE
DISPOSAL.

FERRIS 72
BRINE TREATMENT/SPENT FLUIC DISPOSAL

TITLE= RESPONSE OF HYUROLOGIC SYSTEMS TO WASTE
STORAGE »

AUTHOR= FELRRISs JeGe [GEOLOGICAL SURVEY, WASHINGYCN,
BeCe (USA)e WATER RESOURCES 0IVels

COOKy TeDe (ELe)

REFERPENCE= UNDJDERGROUNL WASTE MANAGEMENT AND
ENVIRONMINTAL IMPLICATIONS, AM. ASSOC. PET,
GEOLes» TULSAs CKLAsy DEC 19724y MEMCIR 184 P,
126=132 .

'DESCRIPTORS- AQUIFERS: AQUITARDS: OEEP WELLS:

ENVIFOMMENTAL EFFECTSS FLUID MECHANICSS FLOW
RATE: GEOLOGY: GROUND WATER: KYNROLQGGY?

B-5



INJECTION PRESSURE: LIQUIC WASTESS
PERMEABILITYS FRESSURE BUILDLP; TRANSMISSIVITY3
UNDERGROUND DISFOSAL; WASTE OISPOSALS KASTE
FRONT.

ic

FRYBERGER 72
BRINE TREATMENT/SPENT FLUICL DISPCSAL

TITLE- REHABILITATICN OF A BRINE-PGLLUTED AQUIFER,

AUTHOR= FRYBERGERy JeSe {ENGINEERINC ENTERPRISES,
NORMAN, OKLA, (USA}].

REFERENCE~ REHABILITATION OF A BRINE-POLLUTEC
AQUIFERs EPA=RZ2~-72-014, ENVIRONMENTAL
PROTECTION AGENMY, WASHINGTONy, DEC 1972, 61 Pse

DESCRIPTORS- AQUIFER REHABILITATIONS AQUIFERS?
BRINc St CHEMICAL COMPOSITIONS CHEMICAL
REACTIONS j DEEF WELLSS DESALINATIONS ECCNOMICSS
ENVIRONMENTAL EFFECTS: EVAPORATICN PCNECS3
FEASIBILITY STUCIESS FLOW RATES GEOLOGY3 GROUND
WATERS HYCRAULICSS HYDROLOGYS INJECTICN WELLSS
OILFIELD BRINESS POLLUTION; FOLLUTICN
REGULATIONSS STRATIGPAPHYS UNCERGROUND
DISPOSAL: WASTE CISPOSALS WATER CHEMISTRYS
WATER POLLUTIGN: WELL DESIGNS ARKANSAS,

11

| GALLEY 72
BRINE TREATMENT/SPENT FLUIC GISPOSAL

TITLE- GEOCLOGIC FRAMEWORK FOR SUCCESSFUL UNCERGROUND
WASTL MANAGEMENT,.

AUTHOR= GALLEYs JJ.Es [(GEOLOGICAL CCNSULTANT,
KERRVILLE, T2Xe (USA)1,

COOKy To0. (EDS)
REFERENCE- UNDERGROUNC WASTE MANAGEMENT AND
ENVIRONMENTAL IMPLICATIONS. AM., ASSCC. PET.

GECLe.y TULSA, CKLA.y» DEC 1972, MEMOIR 18, P,
119-12%5,

B-6
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DESCRIPTORS~- AQUIFERSS CHEMICAL ANALYSIS: CHEMICAL
COMPATIBILITY; CHEMICAL REACTIONSS CLAY
MINERALSS DEEP KWELLS? DISPOSAL FORMATICNSS
DOLOMITE ROCKSS tCONOMICSS ENVIRGCNMENTAL
EFFECTS: FLOW RATZ: GEOLCGY: GROUND WATERS
HYDROGEOLOGYS HYOROLOGYS HYDRCODYNAMIC CGRADIENTS
LIMESTONES LIQUIL WASTESS LITHCLCOGYS
PERMEABILITYS: PCHROSITY: POROUS MEDIA: RESEFVCIR
PROPERTISSS ROCKE3 SANDSTONE: SEDIMENTARY
ROCKSS SEISMCLCGY: SHALF3 SUBSURFACE
RESERVOIRS: UNCERGROUND DISFCSAL; WASTE
DISPOSALS KWASTE MANAGEMENTS WELL DRILLINGS WELL
INTERFERENCES PELL LOGGING.

12

GREENFIELLD 72
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- EPA-=THE ENVIRONMENTAL WATCHMAN.

AUTHOR- GREENFIELGDy SeM. [ENVIRONMENTAL PROTECTION
AGENCYy WASHINGTICN, DeCe (USA)].

COOK, TaDo (ECe)

REFERENCE= UNDERGROUND WASTE MANAGEMENT AND
ENVIKONMENTAL IFMPLICATIONS, AM. ASSOC. PET.
GEOL+y TULSAs CkLA.y DEC 1972, MEMCIK 18, P,
14-18,

DZSCRIPTORS= CASE HISTORIESS OFEP WELLSS? DISFCSAL
FORMATIONSS EARTHQUAKESS ENVIRONMENTAL EFFECTSS
TNVIRONMENTAL PRCTECTION AGENCY: EVAPCRATION
PONDST GROUNT WATERS INJECTION WELLSS
MONITORING: POLLUTIONS POLLUTION REGULATIONSS
UNDERGROUND DISFOSAL: WASTE OISFOSAL.

13

GRUEBE 72
BRINE TREATMENT/SPENT FLUIG CISPOSAL

TITLE- COMPATIBILITY CF SUBSURFACE RESERVCIRS WITH
INJECTED LIQUIL WASTES.

AUTHOR= GRUBBSs DeMeiHAYNESy CeDoesHUGHESy TakHe3STOW,

SeHs (ALABAMA UNIVey UNIVERSITY (USA)e NATURAL
RESOURCES CENTER],

B-7



REFERFNCE- COMFATIBILITY OF SUBSURFACE RESERVOIRS
WITH INJECTED LIQUID WASTES. REFORT 721, THE
UNIVERSITY OF ALABAMA, UNIVERSITYy, ALAey JUN
1972, 128 Paa

DESCRIPTCRS~= CARBONATESS CHEZIMICAL ANALYSIS3? CHEMICAL
COMPATIBILITY: CHEMICAL REACTIONS: CLAY
MINERALS: COMPUTER CALCULATICNS: DEEF WELLSS
DOLOMITE RCCKS3? EXPERIMENTAL RESULTSS FLUID
MECHANICSS FLCW RATES GEOCHEVNMISTRYS
HYDRODYNAMICSY HYOROXIDES: INCUSTRIAL WASTES:
INJECTION PRESSURES INJECTIOM WELLSS LIGUID
WASTESS HMATHEMATICAL MODELS S MEASURING
INSTRUMENTS: MEASURING METHOUOS: MINERALCGY:
PERMEABILITYS PETROGRAPHYS PBLUGGING POKCSITYS
POROUS MCDIAS PRECIPITATIONS ROCK=-FLUIC
INTERACTIONS: {CCKS: SUBSURFACE RESERVCIRSS
SUSPINDED SOLICSS THEORETICAL TREATMENTSS
UNDERGROUND DISFCSALS WASTE DISFOSALS WASTE
WATER,

p

GRUBBS 73
BRINE TREATMENT/SFENT FLUIC OISPOSAL

TITLE- PERMEABILITY RESTORATION IN UNDERGROUNG
DISPCSAL RESERVGCIRS.

AUTHOR= GRUBBSs DeMe 3HAYNES, CoeDoe SWHITTLE, GoFe
{ALABAMA UNIVey UNIVERSITY (USA). NATURAL
RESOCURCES CENTER].

REFERENCE~- PERMEABILITY RESTORATICN IN UNCERGROUND
DISPOSAL RESERVCIRS. REFORT 733, THE
UNIVERSITY OF ALABAMA, UNIVERSITY, ALA., SEP
1973,y 138 P

DESCRIPTORS~= ABRASION: ACIDIZATICNS BRINESS
CARBONATESY CHEMICAL ANALYSISS$ CHEMICAL
REACTIONSS CLAY MINERALS3 COMFUTER
CALCULATIONSS C(EEP WELLSS DISFCSAL FGRMATIONSS
ECONOMICSS FLCW RATE?! HYDRAULIC FRACTURINGS
INJECTION PRESSUFE? INJECTIOMN WELLSS LIGUID
WASTESS MEASURING INSTRUMENTSS MEASURING
METHODS: PERMEAEILITY: PERMEABILITY

 RESTCRATIONS PF ADJUSTMENTS FLUGGINGS
PRECIPITATIONS FFESSURE BUILDUPS REAMINGS
ROCKS3s SANDSTOMES SCALINGS UNCERGROUNE
DISPOSAL? WASTE FROCESSING.
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i35

15

HANSHAW 72
BRINE TREATMENT/SFENT FLUIL CISPOSAL

TITLE- NATURAL ~MZMBRANE PHENOMENA ANO SUBSURFACE
WASTE EMPLACEMENT,

AUTHOR= HANSHAWs Be3s. [GFOLOGICAL SURVEY,
WASHINGTON, D.C. (USA)],

CO0Ky TeDs (EDS)

REFERENCE~- UNDERGROUNC WASTE MANAGEMENT AND
ENVIRONMEINTAL IMPLICATIONS. AM, ASSOC. PET.
GEOLe.s TULSA, OKLA.» DEC 1972, MEMOIR 18, Ps
308=-317.

DESCRIPTORS= AQUIFERST AQUITARDSS CHEMICAL
REACTIONS: CLAY MINERALS: DEEP WELLSS GECLOGY:
HYDRAULIC FRACTURINGS HYDRODOYNAMICSS
MATHIMATICAL MCCELSS OSMOSIS; PRESSURE EBUILDUPS
REVERSE OSMOSIS$ SALINE AQUIFERSS SALINITY:
SHALES SUBSURFACE RESERVOIRSS TRANSMISSIVITYS
UNDERGROUND DISFOSALS WASTE CISPOSALS ZETA
POTENTIALS SAN JUAN BASIN,

HARRISON 72
BRINE TREATMENT/SPENT FLUIC OISPOSAL

TITLE~ FEDERAL REGULATIONS AS THEY RELATE TG
UNDEFGROUND WASTE MANAGEMENT,

AUTHOR=- HARRISON,y TePss II [ENVIRCNMENTAL PRCTECTION
AGENCY, DALLAS, 1EX. (USA)J.

COO0Ky ToD. (EC)

REFERENCE= UNDERGROUNL WASTE MANAGEMENT. ANC
ENVIRONMINTAL IMPLICATIONS. AM. ASSGC. PET.
GEOL.s» TULSA, OKLA.y DEC 1972, MEMGCIR 18, P,
376=380. '

DESCRIPTORS= ENVIRONMENTAL EFFECTSY ENVIRONMENTAL
PROTUCTION AGENCY: INJUECTION WELLS: LEGAL
ASPECTSS POLLUTICN LAWST POLLUTION RECGULATIONSS
REGULATIONSS UNGERGROUND DISFCSALS WASTE
MANAGEMENTY WATER POLLUTION,



17

N

HAYNES 69
BRINE TREATMENT/SFENT FLUIC GCISPOSAL

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

AUTHOR= HAYNES; CeDs 3GRUBBS, DeMe (ALABAMA UNIV.,
UNIVERSITY (USA)., NATURAL RESCURCES CEMNTER]).

REFERENCE- DESIGN ANC COST OF LIQUID-WASTE CISPOSAL
SYSTEMS, REPORYT 692, UNIVERSITY OF ALAEAMA,
UNIVERSITY, ALA.y DEC 1969y 120 P..

OESCRIPTORS- BRINESS CHEMICAL COMFATIBILITYS
CHEMICAL REACTICNS? COMPUTER CALCULATICNSS
CORROSIONY CORRGSION INHIBITORS: DEEF KELLSS
DISPOSAL FORMATICNS; ECONOMICS: FEASIBILITY
STUDIESS FILTRATIONS HYDRODYNAMICSS INJECTION
WELLSS LIQUID WASTESY OILFIELC BRINESS
PERMFABILITY: PIPELINESS: PRECIPITATICNS
PRE=-INJECTION TREATMENTS SUBSURFACE RESERVOIRSS
SURFACE ZQUIPMENTS SUSPENDBED SOLIDSS
UNDERGRCOUND OISFCSAL: WASTE CISPOSAL: WELL
CASINGSS WELL CEPMENTINGS MWELL OATAS WELL
DESIGNS WELL LCCGGINGS ALABAMA,

18

HENRY 72
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- CIRCULATION FATTERNS OF SALINE GROUNCHKATER
AFFECTED BY GEOTHERMAL HEATING=-AS RELATED 1O
WASTE DISPCSAL.

AUTHOR - HE‘.NRYQ He R [ALABA"A UNIV., TUSCALCGSAQ ALAO
(USA), DEPY, CFf CIVIL AND MINERAL ENCINEERING].

KCHOUT 9 FoAe [GEOLOGICAL SURVEY, WASHINGTON,
DeCe (USA)I,

CCOKy TeDe (£LC.)

REFERENCE= UNDERGROUN( WASTE MANAGEMENT ANC
ENVIFONMENTAL IMPLICATIONS. AM. ASSGCe FET.
GEOLes TULSA, OKLAsy DEC 1972, MEMOIR 18, P,
202-221.

DESCRIPTORS=- AQUIFERS: COMPUTER CALCULATICNSS

CONVECTION: DEEF WELLS: DIFFUSIGNS OISFCSAL
FORMATIONS? DOLCPITE ROCKSS ENVIRONMENTAL
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EFFECTSS EXPERIMENTAL RESULTSS FLOW RATES
GEOLOGY$ GEOTHZRMAL ENERGYS GROUND WATERS
HYDRAULICSS HYDRCGEOLOGY? INJECTION WELLS?
LIMESTONZS LIQUIC WASTES: MATHEIMATICAL MCDELSH
SALINE AQUIFERSS SALINITYS TEMPERATURE LCGGINGS
THEOFETICAL TREATMENTSS TEMPERATURE CRACIENMNTSS
UNDERGROUND OISFCSAL: WASTE OISFPUSALS WATER
CHEMISTRY S FLORIDA.

19

HILL 72
- BRINE TREATMENT/SPENT FLUIC CISPCSAL

TITLE- REGULATION GF SUBSURFACE DISFOSAL IN TEXAS.

AUTHOR= HILL, Re (TEXAS WATER QUALITY BOARDs AUSTIN,
TEXe (USA)],

COOKy TeDe (EL)

REFERENCE= UNDERGROUNT WASTE MANAGEMENT AND
ENVIRONMENTAL IMPLICATIONS. AM, ASSGC. PET.
GEOL.y TULSA, OKLA.y DEC 1972y MEMCIR 18, P,
381‘3350

DESCRIPTORS~ DEEP WELLS3 ENVIRONMENTAL EFFECTSS
GEOLOGY3 CGROUNL WATER: HYGRCLCGY: INJECTION
WELLSY LEGAL ASFECTSS LIQUIC WASTES? LITHOLOGYS
MONITORINGS: CILFIELD BRINESS PRESSURE EUVILDUF3
REGULATIONSs SUESURFACE RESERVCIRS: UNCERGROUND
DISPCSALS WASTZ CISPOSALS WASTE PROCESSINGS
WELL COMPLETIGCNS WELL DATAS PFELL DESIGN; TEXAS.

20

HOOVER 6¢
BRINE TREATMENT/SPENT FLUIC GISPOSAL

TITLE=- SEISMIC ACTIVITY DURING THE 19€8 TEST PUMPING
AT THE ROCKY MOUNTAIN ARSENAL DISPOSAL &ELL.

AUTHOR= HOOVERy DeBe3CIETRICHy JoeAe [GEOLCGICAL
SURVEY, CARMELs CALIF. (USA)].

REFERENCE= SEISMIC ACIIVITY DURING THE 19€8 TEST
PUMPING AT THE RCCKY MOUNTAIN ARSENAL CISPOSAL
WELL, CIRCULAR 613y GEOLOGICAL SURVEY,
WASHINGTON, 1965y 35 Paee

B-11



OESCRIPTORS= CHEMICAL ANALYSIS: CONNATE WATER3 OEEF
WELLSS LIQUID WASTESY MONITORINGS SEISMCLOGYS
TEMPURATURE LOGGINGS TRANSMISSIVITY?
UNDERGROUND DISFCSALS WASTE DISPOSALS WASTE
WATERS: WATER PCLLUTICN: ROCKY MOUNTAINS:
COLORADOS DENVER BASIN.

21

HOWER 72
3RINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- COMPATIBILITY GF INJECTION FLUIDS WITH
RECSERVOIP COMPONENTS.

AUTHOP= HOWFR, WeFo3LISATERy ReMe tMIHKAM, RoeGe
{HALLIBURTGN SERVICES, DUNCAN, OKLAs (USA)1J,

COOKy TeDs (£Cs)

REFERENCE= UNDERGROUNT WASTE MANAGEMENT ANC
ENVIKONMENTAL IFPLICATIONS. AM. ASSOC. PET.
GEOLes TULSA, OKLA., DEC 1972, McMCIK 18, P,
287=293,

DESCRIPTORS~ 3ACTERIA: BIOLOGICAL FCULINGS ERINEST
CARBONATESs CASF HISTORIES: (KEMICAL
COMPATIBILITY; CHTMICAL REACTIONSS CLAY
MINERALSS DEEP WELLSS HYDRAULIC FRACTURINGS
INJECTION WELLS: LIQUID WASTES; PERMEABILITYS
PERMEABILITY RESIORATIONS PE ADJUSTMENTS PH
VALUES PLUGCINGS PRECIPITATICNS PRE~INJECTION
TREATMENT? RESERVOIR PROPERTIESS ROCK~FLUID
INTERACTIONSS SANDSTONES SILICA MINERALSS
SUBSURFACE RESERVOIRSS SUSPEMNCED SCLIDSS
UNDERGROUND DISPOSAL: WASTE GISPOSAL.

22

LACEY 71
BRINE TREATMENT/SFENT FLUIC CISPCSAL

TITLE- DEMINERALIZATICN OF WASTEWATER B8Y THE
TRANSPORT-0EPLETION PROCESS.

AUTHOR= LACEYy ReEes $HUFFMANy EsLo {SOUTHERN RESEARCH
INST.y» BIRMINGHAM, ALA. (USA)I.



OWo: wHT G B sy

" REFERENCE- DEMINERALIZATION OF WASTEWATER BY THE -
TRANSPORT=DEPLETION PROCESS. HWATER POLLUTION
CONTROL RESEARCH SERIES NOe. 17040EUNS2/71,
ENVIRONMENTAL PRCTECTION AGENCY, WASHINGTON,
DeCey FEB 1971, 86 Peo

DESCRIPTGRS-= DEMINERALIZATIONST DESALINATIONS
ECONOMICS: ELECTRODIALYSIS3 SCALING: WASTE
PROCESSINGS WASTE WATER.

23

LEGROS 69
BRINZ TREATMENT/SPENT FLUIC CISPOSAL

TITLE- A STUOY OF DEEF-WELL DISPOSAL OF CESALINATION
BRINE WASTE.

AUTHOR= LFGROS¢ PeGe SGUSTAFSON, CoeEe SNEVILL,
Gel et MAJESKE y £4 (o IMATHEWS, RoDe$TALECT,
JeSeIMCILHENNYy WoeFe [DOW CHEMICAL CCay
MIDLAND, MICH. (USA)].

REFERENCE- A STUDY CF DEEP=-WELL CISPOSAL CF
DESALINATION BFINE WASTE. RESEARCH AND
DEVELOPMENT PRCCRESS REPORT NCo 4564 CFFICE OF

- SALINE WATERy WASHINGTON, JUN 19€9, 259 P

DESCRIPTORS=- BRINES: CASE HISTORIES3 CHEMICAL
ANALYSIS? DEEP WELLSS DESALIMATIONS OISFOSAL
FORMATIONSS ECONCMICSS EVAPOFRATION PCNEOSS
FEASIBILITY STUCIESS GEOCLOGYS INJECTICN
PRESSURES INJECTION WELLSS LECAL ASPECTSS
MONITORINGS SURFACE EQUIPMENTS UNDERCRCUND
DISPOSAL: WASTE LISPOSALS WELL DESIGNS
OKLAHOMASY TEXAS? KANSASS COLORADO3 SOUTH DAKOTA,

2b

~ MALINA 72
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- DISPOSAL=-WZELL CIMENSIONS=-INJECTION RATES ANC
COST RESPGNSES,

AUTHOR= MALINA, JeFey JRe [TEFXAS UNIV., AUSTIN
(USA)e DEPT. OF CIVIL ENGINEERING].



MOSELEYs JeCesII (GIV. OF COORDINATIGN AND
PLANNING OFFICE OF THE GOVERMCR OF TEXAS,
AUSTIN (USA)1.

C0O0Ky TsDe (EC.)

.REFERENCE- DISFOSAL-WELL DIMENSIGNS=-INJECTION RATES
ANDO COST RESFONSES. AM, ASSCC. PET. GECL.»
TULSA, OKLA., CE( 1972, MEMOIR 18, P, 102-111,

DESCRIPTORS~- DEEP WELLSS ECONOMICSS ENVIRONMENTAL
EFFECTSS FLOW RATE: INDUSTRIAL WASTES:
INJECTION PRESSIFE? INJECTION RATES; INJECTICN
WELLSY LIQUID WASTESS MATHEMATICAL MGDELSS
PERMEABILITYS PCROSITYS PRE-INJECTION
TREATMENT ; RESERVOIR PROPERTIESS SURFACE
EQUIPMENTS UNDERCROUND DISFOSALS WASTE
DISPOSALS WELL CESIGN.

25

MC WILLIAMS 72
BRINE TREATMENT/SFENT FLUIC DISPOSAL

TITLE- LARGE SALTWATER-DISPOSAL SYSTEMS AT EAST
TEXAS AND BASTINGS OIL FIELCS, TEXAS.

AUTHOR=- MC WILLIAMS, Jeo [AMOCO PROCUCTION CCey
HOUSTON,s TE X, (USA)).

COO0Ky TeDs (ETS)

REFERENCE= UNDERGROUMD WASTE MANAGEMENT AND
ENVIRONMENTAL  IMPLICATIONS. AM., ASSOCs FET,
GEOL.y TULSA, OKLA., OFEC 1972, MEMCIR 184 P.
331=340. '

DESCRIPTORS= CASt HISTORIESS CORRCSION: DEEF WELLSS
ENVIRONMZNTAL ZFFECTSS INJECTION PRESSURES
INJECTION WELLSS LIQUID WASTESS OILFIELC
BRINLST POLLUTICNS PRE-INJECTION TREATMENT
PRESSURE CECLIMES STRATIGRAPEYS UNDERGRCUND
DISPCSALS WELL CESIGNS TEXAS,

26

MECHEM 63
BR INE TREATMENT/SPENT FLUIC DISPOSAL
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TITLE- OE&EP INJECTION DISPOSAL WELL FCR LIGQUIC TOXIC
WASTE

AUTHOR= MECHEMy JsE+31GARRETY, JeHe [EsA.POLUNBUS,
JRey AND ASSCCSes INCey PETRCLEUM ENGNGC,
CONSULTANTS, DENVER, CCLO. (USA)].

REFEPENCZ= PROCEELCINGS OF THL AMERICAN SOCIETY CF
CIVIL ENGINCEREy JOURNAL OF THE CONSTRe CIVes
Ve 89 (CO02)y Pe 111-121(SEP 1963).

D‘SCRIPTORS- AQUIFEFSS DEEP WELLS; ECONCMICS:
GZOLOGY: INDUSTR IAL WASTESS INJECTICN PRESSURE;S
INJECTION RATES: INJECTION WELLS3 LIQUIC
WASTESs LITHOLGOGYS; PERMEABILITY; PORCSITYS
SANDSTONE S SHALESY STRATIGRAPFY; SUBSURFACE
RESERVOIRSS TEMPERATURE LOGGINGS UNDERCRCUND
DISPCSAL: WASTZ CISPOSALS WELL COMPLETICN: WELL
DATAS WELL CESIGNS WELL DORILLINGS WELL LCGGINGS
COLOFRADO; CENVER BASIN,

27

CRSANCC 73
BR]hE TREATMENT/SPENT FLUIC CGISPOSAL

iTITLE- UNDERGRCUND INJECTION OF WASTEWATERS IN THE
- OHIO VALLEY REGION, ’

AUTHOR= OHIO RIVER VALLEY WATER SANITATICN
COMMISSION, ORSANCO ADVISORY COMMITTEE ON
UNDERGROUND INJECTION OF WASTEWATERS,
CINCINNATI, QOHIC.

REFERENCE= UNDERGROUNC INJECTICN (F WASTEWATERS IN
THE OHIO VALLEY REGION. OHIO RIVER VALLEY
WATER SANITATICN COMMISSION, CINCINNAYI, AUG
1973y 63 Pes

DESCRIPTORS~ AQUIFERS; GEOLOGY: GROUND WATERS
HYDRODYNAMICSS KHYDROGEOLOGY3 INJECTION KWELLSS
LEGAL ASPECTS: MINERALSS MONITORINGS
SEISMOLOGY: SURFACE EQUIPMENT$ UNDERGRCUND
DISPOSAL? WASTE FROCESSINGS WELL DESIGAS WELL
DRILLINGS OHIO.
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PIPER 69
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- DISPOSAL OF LIGUID WASTES BY INJECTIGN
UNDEFRGROUND==NZITHER MYTH NOR MILLENNIUWM,

AUTHOR=- PIPER, AeMe [GEGLOGICAL SURVEY, CARMEL,
CALIF. (USA)1. ' :

REFERENCE=- ODISPOSAL CF LIQUIOD WASTES BY INJECTION
UNDERGROUND==NEITHER MYTH NOR MILLENNIUNM,.
CIRCULAR 631, GEOLOGICAL SURVEY, WASHINGTON,
1969y 15 Pee

DESCRIPTORS= AQUIFERSY CHEMICAL ANALYSIS% CHEMICAL
COMPOSITIONS CHEMICAL COMPATIBILITY; CHEMICAL
PEACTIONS? DEEP WELLSS EARTHQUAKESS
ENVIKONMINTAL cFFECTS: GEOCHEMISTRYS GECLOGYS
HYDRAULIC FRACIURING: HYDRODYNAMICS:
HYDROGEOLOGYS HYCROLOGYS INJECTICN PRESSURES
INJECTION RATESY INJECTION WELLSS LEGAL
ASPECTS: LIQUIC WASTES: MONITORINGs CILFIELD
BRINI'S] PERMcASILITYS PH ADJUSTMENTS
PRE=-INJECTION TREATMENTS RAODICACTIVE WASTESS
SEISMOLOGY: TRANSMISSIVITYS UNDERGRCUNC
ODISPOSALY WASTE CISPOSAL? WASTE MANAGEMENTS
COLORADOY DENVER BSASIN,.

29

RALEIGH 72
3RINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- EARTHQUAKES AN{ FLUID INJECTICN.

AUTHOR- RALEIGHy CeBe [GEOLOGICAL SURVEY, MENLO
PARK, CALIF, (USA). NATIONAL CENTER FCE
EARTHQUAKE RESEARCHI],

COOKs TeDe (ECS)

REFERENCE= UNDERGROUNL WASTE MANAGEMENT ANC

ENVIRONMENTAL IMPLICATIONS. AMe. ASSCC. FETe

GEOL«s TULSA, OKLAey DOLC 1972, MEMCIR 18, P,
273=279.
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DESCRIPTORS~- AQUITARCSY DEEP WELLSS EARTHQUAKES:
FAULT ACTIVATICNS HYDRAULIC FRACTURING?S
INJFCTION WELLSS LIQUID WASTES; MONITCRINGS
PORE PRESSURE3 PRESSURE BUILLUP3 RESERVGIR
PROPERTIESy SAMNCSTONE? SEISMCLOGY; SUBSURFACE
RESERVOIRS? UNCERGROUND DISPOSAL3 WASTE
DISPOSALS COLORA(O3 DENVER BASIN,

30

SADOW 72
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- PRETREATMENY CF INDUSTRIAL WASTE WATERS FOR
SUBSURFACE INJECTION,

AUTHOR= SADOW, ReDs, [ MONSANTO POLYMERS AND
PETROCHEMICALS CCMPANY, TEXAS CITY, TEX. (USA)1.

COOKy TeDe (ET)

REFERENCE= UNGERGROUNC WASTE MANAGEMENT AND .
ENVIRONMENTAL IMFLICATIONS. AM. ASSCCe PET.
GEOL.y» TULSAs CKLAey DEC 1972, MEMGIR 18, P.
33-1C1. '

- DESCRIPTORS~ BACTERIA: BIOLOGICAL FOULING: CHEMICAL
COMPATIBILITY; CORROSIONS CORNOSION INHIBITORSS
CORROSION RESISTANT ALLOYS3 CCRROSIVE EFFECTSS
DEEP WELLS; DISFCSAL FORMATICNSS FILTRATIONS
GEOLOGY? INDUSTRIAL WASTES? INJECTIGCN PRESSURE?S
INJECTION RATESS OILFIELD BRINESS PERMEABILITYS
PH ADJUSTMENTS FH VALUE: PLUGCGINGS
POLYMERIZATIONS POROSITY; PRECIPITATICNS
PRE~-INJECTION TREATMENTS PRESSURE BUILDUFS
SURFACE ZQUIPMEN1Y SUSPENDED SOLIDSS
UNDERGROUND DISFOSALS WASTE CISPOSAL3Y WASTE
WATERS WELL CE SIGN3 TEXAS,

31

, SCEVA 68
3RINE TREATMENT/SPENT FLUIC GISPOSAL

TITLE- LIQUID WASTE CISPOSAL IN THE LAVA TERRANE CF
CENTRAL OREGCN.

AUTHOR= SCEVAs JsEes [(FEDERAL WATER POLLUTICN CONTROL

ADMINISTRATION, NORTHWEST REGIONy CORVALLIS,
OREG. (USA), PACIFIC NORTHWEST WATER LAB.].
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REFERENCE= LIQUID WA ITE DISPOSAL IN THE LAVA TERRANE
OF CENTRAL OREGCN, REPORT NOe FR=4y FECERAL
WATER POLLUTION CONTROL ACMINISTRATION,
NORTHWEST REGICN, CORVALLIS, OREG.s MAY 1968,
66 Pey APFENDIX 96 Pas

DESCRIPTORS= ZNVIROMFENTAL EFFECTSS GEOLCGYS
HYDROLOGYS INJECTION WELLSS LIQUID WASTESS
POLLUTIONS UNDERCROUND DISPOSALS WASTE
DISPOSAL: WASTE WATERS WATER CHEMISTRYS CREGON.

32

SWOLFS 72
3RINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- CHEMICAL EFFECTS OF PORE FLUIUS ON RCCK
PROPERTIES,

AUTHOR= SWOLFS, HeSe [TERRA TEKy INCes» SALT LAKE
CITY, UTAH (USA)].

COOKy TeDe (ELW)

REFERENCE= UNDERGROUNLC WASTE MANAGEMENT AND
ENVIRKONMENTAL IMPLICATIONS. AM. ASSOC. FET.
GEOL.s TULSA, OkLAey DEC 197z, MEMOIR 18, P.
224=234 .

DESCRIPTORS~- CHEMICAL REACTIONS: FREE ENERGY:; GROUNT
SUBSICENCE? LIGUID WASTESS MECHANICAL
PROPERTIZSSY PORE PRESSURES PRESSURE 8UILCUPS
ROCK=FLUID INTERACTIONS? ROCK MECHANICSS ROCK
PROPERTIEZS? SANCSTONES UNDERGROUNDO CISFCSALS
WASTE DISPOSAL: ZETA POTENTIAL.

33

TALBOT 72
BRINE TREATMENT/SFENT FLUIC CISPCSAL

TITLE- REQUIREMENTS FCR THE MONITCRING OF INCUSTRIAL
DEEP=-WELL WASTE-({ISPOSAL SYSTEMS.

AUTHOR= TALBOT,y JeSs {DOW CHEMICAL CCey HGCUSTCN,
TEXe: (USA)1],.

COOKy TeDos (EC.)
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REFERENCE- UNDERGROUNL WASTE MANAGEMENT AND
ENVIRONMENTAL IMPLICATIONS. AM. ASSOC. FPET,
GEOLes TULSAy CKLAsy DEC 1972, MEMCIR 18, P,
85=G2,

DESCRIPTORS- COKROSICN MONITORINGS ODEEP WELLSj
DISPOSAL FORMATICNS: ENVIRONMENTAL EFFECTSS
INDUSTRIAL WASTE S INJECTION PRESSURES
INJECTION WELLSS MONITORINGS CBSERVATICN WELLSS
REGULATIONS: SE1SMOLOGY: SUBSURFACE RESERVOIRS:
SURFACE ~QUIPMENTS TEMPERATURE LOGGINGS
UNDERGROUND DISFCSAL? WASTE CISPOSAL3 WELL
COMPLETION: WELL DESIGN,.

L}

THAB 72
8RINE TREATMENT/SFENT FLUIC CISPCSAL

TITLE- THE DISPCSAL hiELL ACT,
AUTHOR=- TEXAS WATER GUALITY BOARD (USA).

REFERENCE= THE DISPCSAL WELL ACT. ACENCY
PUBLICATION NUMEER 72-C1, TEXAS WATER GUALITY
BOARDy FEB 1972y 15 P

DESCRIPTORS= INJECTICN WELLS: LEGAL ASPE(CTSS
OILFIELD BFINES3 REGULATIONS: UNDERGROUNC
DISPOSAL: WASTE [ISPOSALS WASTE WATERS WATER
QUALITYS TEXAS,

35.

VAN EVERCINGEN 71
BRINE TREATMENT/SFENT FLUIC OISPGSAL

TITLE- SUBSURFACE OISFOSAL OF WASTE IN CANACA,
INJECTION OF LIGUID INDUSTRIAL WASTE IN CEEP
WELLS==A PRELIFINARY APPRAISAL.

AUTHOR= VAN EVERDINGEDPy ReOoSFREEZEy ReAs .
{DEPARTMENT OF THE ENVIRONMENT, OTTAWA, ONTARIO
(CANADA)+ INLANG WATERS BRANCHI.

REFERENCE= SUBSURFACEZ DISPOSAL OF ®ASTE IN CANADA.
INJECTION OF LIGUID INDUSTRIAL WASTE IN CEEP
WELLS==-A PRELIMINARY APPRAISAL.. TECHNICAL
BULLETIN NCs 49y DEPT. OF THE ENVIRONMENT,
INLAND WATERS BRANCH, OTTAWA (CANADA), 1971, 64
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DESCRIPTORS= CASE HISTORIESS ECCNCMICSS FAILURESS
GROUND SUBSICEMEZ: INJECTION WELLS: LIGUID
WAST:E ST MONITORING? REGULATICNSS SAFETYS
SUBSURFACE RESERVOIRS? UNDERGROUND CISFGSALS
WASTE DISPCSAL: WASTE MANAGEMENTS WASTE
PROCESSINGS CANALA.

36

VECCHICLI 72
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- PRELIMINARY FE2SULTS OF INJECTING HIGHLY
TREATVED SEWAGE-FLANT EFFLUENT INTO A CEEP SAND
AQUIFER AT 3AY FARKe NEW YORK. OEEF=WELL
ARTIFICIAL RECHARGE EXPERIMENTS AT EAY FARKy
LONG ISLANDy NEW YORK.

AUTHOR=- VECCHIOLIy .e3KUs HeFoHe [(GEOLOGICAL SURVEY,
WASHINGTONs J4Cse (USA)).

REFERENCE= PRFLIMINARY RESULTS OF INJECTING FIGHLY
TREATEC SEWAGE~FLANT EFFLUENT INTO A DEEP SAND
AQUIFER AT BAY PARK, NEW YORK. OEEP=-WELL
ARTIFICIAL RECFARGE EXPERIMENTS AT BAY FARK,
LONG ISLANDs NEW YORKe PROFESSIUNAL PAFER
751~8, GEOLOGICAL SURVEY, WASHINGTON, 1972, 14

DESCRIPTORS=- AQUIFERSS ARTIFICIAL RECFARGES
BACTERIA; BICLOGICAL FOULING3 CHEMICAL
ANALYSISS CHENMICAL COMPOSITICNS DEEF WELLSS
DEGASIFICATIONS FILTRATIONS FLOW RATES GRAVEL
PACKING: HYDRAUL ICS: INJECTICN RATES: INJECTION
WELLSS? LIGUIC WASTESST MATHEMATICAL MCDELSS
OBSEFVATTON WELLS? PLUGGINGS FRECIFITATICNS
PRE-INJECTION TREATMENTY PRESSURE BUILGUPS
SANDSTONZ? SUS FENDED SOLIDS? THEORETICAL
TREATMENTSS UNDERGROUND DISFCSALS WASTE
DISPOSAL: WASTE WATER: WATER CHEMISTRY: WELL
COMPLETION: WELL DESIGNS NEW YORKe.

37

WARNER &5
BRINE TREATMENT/SFENT FLUIC DISPOSAL

TITLE- DEEP WELL INJECTION OF LIQUID WASTE. A

REVIEW OF EXISTING KNOWLECDGE AND AN EVALUATION
OF RESEARCH NEEG €.
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AUTHOR= WARNER+s Dele {ROBERT As TAFT SANITARY
ENGINEERING CENTER, CINCINNATI, OHIC (USR).
BASIC AND APPLIEL SCIENCES BRANCH].

REFERENCE=- OEcP WELL INJECTION OF LIGUIC WASTE. A
REVIEW OF EXISTING KNOWLEDGE AND AN EVALUATION
OF RESEARCH NEECLS. PUBLIC HEALTH SERVICE
PUBLICATION NGO, S$99-WP=21, CEPARTMENT CF
HEALTH, EOUCATICN, AND WELFARE, CINCINNATI,
CHIO, APR 1965y E5 Pea

DESCRIPTCRS~- ACIDIZATION: AQUIFERSS BACTERIA:
BIGLOGICAL FCULINGS CARBONAYESS CHEMICAL
COMPATIBILITYS CHEMICAL COMPCSITIONS CHEMICAL
REACTIONS S CLAY MINERALS; CORROSION3 CCRROSION
RESISTANT ALLOYSS DEEP WELLSS DISPCSAL
FORMATIONSS DOLCPITE RCCKSS ECONCMICSS
ENVIRONMENTAL EFFECTS: FAILURES: FEASIEILITY
STUDIESS FLOW RATES GEOLOGYS: GROUND WATERS
HYDRAULIC FRACTUFRINGS INDUSTRIAL WASTESS
INJECTION PRESSURE? INJECTICN RATESS INJECTION
WELLSS LEGAL ASFECTSS LIMESTCNES LIGUIC WASTESS
MATHEMATICAL MCCELSY MEASURING METHODSS
MINEPALOGY: HOMITORING: OILFIELD BRINES3S
PERMEABILITYS FLUGGINGS PORCSITYS
PRECIPITATIONS R£DIOACTIVE WASTESY REGULLATIONSS
RESERVOIR PROPIRIIES: SALINITY; SANCSTCNE:
SEDIMENTARY ROCKSS SEISMOLOGYS STRATIGRAPHYS
SUBSURFACE RESERVOIRSS TEMPERATURE LOGCINGS
UNDERGROUND DISFOSALs WELL CASINGS.

38

WARNER 67
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE~ DEEP WELLS FOR INDUSTRIAL WASTE INJECTION IN
THE UNITZ0 STATES., SUMMARY CF 0ATA.

AUTHOR= WARNER,y DsLs [(FEDEPAL WATER POLLUTICAN
CONTFOL ADMINISTRATION, CINCINNATI, OHIC (USA).
WATER RESEARCH LAB.]e.

REFERENCE= CEZP WELLS FOR INDUSTRIAL WASTE INJECTION
IN THE UNITSED STATES. SUMMARY OF DATA. WATER
POLLUTION CONTRCL RESEARCH SERIES PUBLICATION
NOos WP=20-10, FELERAL WATER PCLLUTICN CCNTROL
ADMINISTRATICN, CINCINNATI, CHIQ, NOV 19€7, 45
Pee

CESCRIPTORS= CEEP WELLSS DISPOSAL FCRMATIONSS
DOLOMITE ROCKS: CFOLOGYS INDUSTRIAL WASTESS
INJECTION PRESSUSES INJECTION RATESS INJECTION
WELLSS LIMESTONZS LIQUID WASTESS SANDS
SANDSTONE ¢ UNDZRGROUND DISFOSALS WASTE
DISPCSALS WELL CATAS USA.

{
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WARNER 72
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- SUBSURFACE INCUSTRIAL WASTEWATER INJECTION 1IN
ILLINOIS.

AUTHOR=- WARNER, DoL. {OHIO RIVER VALLEY SANITATION
COMMITTEZ ON SUE SURFACE INDUSTRIAL WASTEWATER
INJECTION (USA) ],

REFERENCE=- SUBSURFACE INDUSTRIAL WASTEWATER
INJECTIGN IN ILLINOIS. IIEQ COCUMENT NG. 72-=2,
TLLINOIS INSTITUTE FOR ENVIRCAMENTAL QUALITY,
"CHICAGO, FEB 1672, 116 P.,

DESCRIPTORS- AQUIFERSS BRINES? CHEMICAL CCMFCSITION?
DEEP WELLSs DISPOSAL FORMATICNSS DCLOMITE
ROCKSs3 £CCNOMICS: ENVIRONMENTAL PROTECTICN
AGENCY; GEZOLOGY3 GROUND WATEKRS HYDRAULIC
FRACTURINGS HYCR(GEOLOGYS HYGROLOGYS INCUSTRIAL
WASTESS INJECTICN PRESSURE: INJECTICN RATESS
INJECTION WELLS i LIMESTONES MCNITORINGS
PERMEABILITYS PCGLLUTION REGULATIONSS PCRCSITYS
REGULATIONS: RESERVOIR PRCPERTIZS: SALINE
AQUIFERS: SAND3 SANDSTONE3S SECIMENTARY RCCKSS
STRATIGRAPHYS] SUESURFACE RESERVOIRSS SURFACE
EQUIPMENT S SUSFENDED SOLIDSS TEMPERATURE
LOGGINGS UNDERGRCUND DISPOSALS WASTE DISFOSALS
WASTE WATERS WELL CEMENTINGS WELL
CHARACTERISTICS: WELL COMPLETION: WELL CESIGN3
TLLINQISS NEW YCRK3S ILLINOIS BASINS USA.

46

WILSON 7%
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE~ INVESTIGATIONS ON THE SUBSURFACE CISFCOSAL OF
WASTE EFFLUENTS AT INLAND SITES,

AUTHOR=~ WILSONy LeGs {ARIZONA UNIV., TUCSON (USA) 1.

REFERENCE= INVESTIGATIONS ON THE SUBSURFACE CISFOSAL
OF WASTE EFFLUENTS AT INLAND SITES. RESEARCH
AND DEVELOPMENT FROGRESS REPCRT NO. €509 OFFICE
OF SALINZ WATER, WASHINGTON, MAY 1971, 106 P

DESCRIPTORS= ARTIFICIAL RECHARGES BRINESS DEEF

WELLS? DESALINATION; EVAPCRATION PONDSY
HYDRAULICS? HYDRCDYNAMIC DISPERSIONS
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HYDRODYNAMICSS HYDROGEOLCGY; INJECTION WELLS:
OBSERVATION WELLSY POROUS MELIAS UNDERGRCUND
DISPCUSALS WASTZ CISPOSALS WELL CESIGN,

41

WITHERSPOON 72
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- HYOROOYNAMICS CF FLUID INJECTICN.

AUTHOR=- WITHERSPOON, PsAese [CALIFORNIA UNIVa,
BERKELEY (USA)1.

NEUMANy SePes [VOLCANI INST. GF AGRICULTURAL
RESEARCH, BET CACAN (ISRAEL)].

COO0Ky TeDe (&Le)

REFERENCE~ UNDERGROUMNL WASTE MANAGEMENT AND
ENVIFONMENTAL IKPLICATIONS. AM, ASSOC. PET,
GZO0L.y TULSAy OKLA.y DEC 1972, MEMCIR 18, P.
258=272.

DESCRIPTORS= AQUIFERS: AQUITARPDS: CISPOSAL
FORMATICNSS DOLCPITE ROCKSS ENVIRONMENTAL
EFFECTSe FIELD STUDIESS FLUIL MECHANICSS FLOW
RATE: HYORCDYNAMICS: INJECTICN WELLS:
LIMESTONZES LIQUIT WASTES? MATHEMATICAL MCDELSS
MONITORINGS PERMEABILITY: PGCROSITYS PORCLS
MEQOIA: PRESSURE EUILDUP; SANLCSTONES: THECRETICAL
TREATMENTSS TRAMNSMISSIVITYS UNDERGRGCUNC
DISPOSAL? WASTEZ CISPOSAL,

42

EROWN 73
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- ARTIFICIAL RECFARGE=--STATE OF‘THE ART,

AUTHOR~- BROWNy KeFe3iSIGNORy DeCe (GEOLNGICAL SURVEY,
LUBBOCKy TEX .« (LSA) . :

BRAUNSTEINy Je (ED,)
REFERENCE= UNDERGROUNLC WASTE MANAGEMENT AND
ARTIFICIAL RECHARGE. AMERICAN ASSOCIATION OF

PETROLEUM GECL(GISTS, TULSA, OKLAey 1973, V. 29
Ps 6E8-686.
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DESCRIPTORS~ AGQUIFERS: ARTIFICIAL RECHARGE}S
BACTERIASY BIGLCGICAL EFFECTSS BIGLOGICAL
FOULING? CARBONATESS CHEMICAL REACTIONSS
CHEMICAL CCMPATIEILITYS CLAY MINERALS: LISFOSAL
FORMATIONSS EC(NCMICS? EXPERIMENTAL RESULTSS
FEASIBILITY STUCIESS FLOW RATES GEOLOGYS GROUND
WATERS: HYDROODYNAMIC DISPERSICN: HYDROGECLOGYS
HYDROLOGYS INJECTION WELLS? LIMESTONES
LITHOLOGYS MZASURING METHODS? MICROGCRGANISMSS
PERMEABILITY: PLUGGING: PRE-INJECTION
TREATMINTS RESIRVOIR PROPERTIESS SANOSTCNES
SUBSURFACE RESERVOIRSS SUSPENCED SCLICSS TRACE
AMOUNTS: UNDEZRGRCUND OISPCSALS WASTE DISFOSALS
WASTE STORAGEZS WATER POLLUTIONS WATER GUALITYS
ISRAELY USAS UNITED KINGDCMS JAMAICAS FRANCES
ZLEMENTS,

43

ERIGGS 68
BRINE TREATMENT/SPFENT FLUIT OCISPGSAL

TITLE- GECLOGY OF SUESURFACE WASTZ DISPOSAL IN
MICHIGAN BASIN.

AUTHOR= BRIGGSs LeI sy JRe IMICHIGAN UNIVes» ANN AREBOR
(usal..

GALLEY, JeE .+ (ED)

REFERENCE= SUBSURFACE DISPOSAL IN GEOLOGIC EASINS==A
STUDY OF RESERVCIR STRATA. AM, ASSOC. FET,
GEOLey TULSA. OKLA,y AUG 19€8, MEMOIR 10, P.
128~-153,

DESCRIPTORS=- ACIDIZATION; CARBONATES: DEEP WELLS?

DISPOSAL FORPMTICNS? DOLOMITE ROCKSS
EXPERIMENTAL RESULTS? GEOLOGY3] HYDRAULIC
FRACTURING: HYDRCBYNAMICS: INJECTION PRESSURES
INJECTION RATESS INJUECTION WELLSS LIMESTCNES
LIQUID WASTESS LITHOLOGYS MEASURING METHCDSS
MINERALOGY: PERNMEABILITY: PETROGRAPHY?
POROSITYS RADICA(TIVE WASTESS RESERVCIR
PROPERTIZSS SANCSTONES SEDIMEZNTARY ROCKSS
SHALE Y STRATIGRAFHY?: SUBSURFACE RESERVCIRSS
UNDERGROUND DISFOSALS WASTE DISPOSALS MICHIGANS
MICHIGAN BASIN, :
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CLEARY 69
BRINE TREATMENT/SPENT FLUIO CISPOSAL

TITLE- PERSPECTIVE (N THE REGULATICN CF UNDERGROUND
INJECTION OF WASTEWATERS,

AUTHOR= . CLEARYy EeJe [OHIO RIVER VALLEY WATER
SANITATION COMMISSIONs CINCINNATI, CHIC (USA)].

WARNERy Doles [MISSOURI UNIV., ROLLA (USA)1,

REFEREZNCE- PERSFECTIVE ON THE REGULATION OF
UNOERGROUND INJECTION OF WASTEWATERS. CHIO
RIVER VALLEY WATER SANITATION COMMISSIOM,
CINCINNATI, OHIG,y DEC 1969y 88 Pses

DESCRIPTORS~- DEEP WELLS3Y GEOLOGYS HYDRODYNAMICSS
HYDROLOGY: INJECTIOM WELLS? LEGAL ASPECTSS
PLUGGINGS RECULATIONST SEISMCLOGY: UNGERGCROUND
DISPOSALS WASTE CISPOSALS WASTE WATERS GHIO,.

45

DENNISON 73
BRINE TREATMENT/SPENT FLUIC DISPOSAL

TITLE- HYDRCGEQOLOGIC AND ECONOMIC FACTORS 1IN
DECISION MAKING UNDER UNCERTAINTY FCR
NORMATIVE SUBSURFACE DISPOSAL OF FLUIC WASTES,
NORTHERN WILLISTCN BASIN, SASKATCHEWAN, CANADA,

AUTHOR= DLNNISON, £+G4$SIMPSON, Fe [SASKATCFEWAN
DEPT. OF MINERAL RESOURCES,y REGINA (CANAGA)].

BRAUNSTEIN, Je (EDS)

REFERENCE= UNDERGROUNL WASTE MANAGEMENT AND
ARTIFICIAL RECHARGE. AMERICAN ASSGCIATIGN OF
PETROLEUM GECLCGISTS, TULSAy CKLAey 1972, Ve 29

X Po 879‘9270

DESCRIPTORS= AQUIFERS: BRINESS CAREBONATES: CHEMICAL
COMPATIBILITYS CEEP WELLSY DISPOSAL FCRMATIONSS
ECONOMICSS ENVIRCNMENTAL EFFECTS3 GECLCGYS
HYDRAUL ICS? HYDRGGEOLOGY; INCUSTRIAL WASTESS
INJECTION PRESSURESY INJECTICN RATESS INJECTION
WELLS? LEGAL ASFECTSS LIQUID WASTESS LITHOLOGYS
MONITORING: OBSERVATION WELLS? QILFIELC BRINES?S
OIL WELLSS PERPMEABILITY: POROSITYS REGULATIONSS
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SALINE AQUIFERSS SANDSTONES SEDIMENTARY ROCKSS
STRATIGRAPHYS; SUBSURFACE RESERVOIRS: SURFACE
EQUIPMENT? UNDERGROUND DISPOSALS WASTE
.OISPOSALS WELL CASINGSS WELL CEMENTINGS WELL
COMPLETION: WELL DESIGNS WELL LOGGING:
WILLISTON BASINZ CANADA.

46

ECMUNC 68
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE~ SUBSURFACE WASTIE-DISPOSAL FOTENTIAL IN SALINA
. BASIN Of KANSAS.,

AUTHOR~ ECMUND, ReWs [AUGUSTANA CCLLEGE, ROCK
ISLAND, ILL. (USA}].

GOEBELy EeDs [KANSAS STATE GEGLOGICAL
SURVEY, LAWRENCE, KANs (USA) ],

GALLEY, JoF o« (EDJ)

REFERENCE- SUBSURFACE DISFOSAL IN GEOLOGIC EBASINS==A
STUDY OF RESEPVCIR STRATA. £M, ASSCC. PET.
GEOLey TULSA,y OKLAsy AUG 1968, MEMGCIR 10, P,
154=164,

DESCRIPTORS~ AQUIFERSS GEOLOGY: HYDROGEOLOCYS
HYDROLOGYS LIMES TONE: SALINE AQUIFERSS
SANDSTONES SALT C(EPOSITS? SECDIMENTARY ROCKSS
SHALES STRATIGRAPHY: SUBSURFACE RESERVCIRSS
TRANSMISSIVITY; UNDERGROUND OISPOSAL: WASTE
DISPOSAL; KANSAS3 SALINA BASIN.

47

EPA 74
dRINE TREATMENT/SFENT FLUILC CISPOSAL

TITLE- COMPILATION .OF INDUSTRIAL AND MUNICIFAL
INJECTION WELLS IN THE UNITEC STATES.

AUTHOR= WASHINGTONs DoCe (USA)e OFFICE OF WATER
PROGRAM OPERAT ICNS,

REFERENCE=- COMPILATICHM OF INDUSTRIAL AND MUNICIPAL
INJECTION WELLS IN THE UNITEC STATES.
EPA=520/9=74=0 2y ENVIRONMENTAL PROTECTION
AGENCY, WASHINGT(N, DeCes OCT 1974, Ve 1, 23
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DESCRIPTORS= AQUIFERSS CARBONATESS DEEP WELLSS
ENVIRONMENTAL PRCTECTION AGENCYS GECLOGYS
HYDOROGEOLOGY: INJECTION WELLSS LIQUIC WASTES:
SAFETYS SANDSTCNES SURFACE EGUIPMENTS WASTE
DISPOSAL: WELL CATAS WELL DESIGNS USA,

L8

CALLEY 68
3RINE TREATMENT/SFENT FLUIC OISPOSAL

TITLE- ECONOMIC AND INDUSTRIAL PGTENTIAL GF GEOLOGIC
EASINS AND RESERVOIR STRATA,

AUTHOR= GALLEY, JeEs (EDe) [GEGLCGICAL CCNSULTANT;
KERRVILLE 9y TEXe (USA}].

REFERENCE= SUBSURFACE DISFOSAL IN GEGLOGIC BASINS==A
STUDY OF RESERVCIR STRATA. M. ASSCC. PET.
GEOLes TULSA, OIiLAsy AUG 1968y MEMCIR 1G, P
1-1G.

DESCRIPTORS= AQUIFERSS CHEMICAL CCMPATIBILITYs DEEF
WELLS: DISPOSAL FORMATIONS: ECONOMICS:
ENVIRONMENTAL EFFECTSS GECLCGY] HYDRAULIC
FRACTURINGS HYORCOYNAMICSS INCUSTRIAL WASTESS
INJECTION WELLS: LIQUID WASTESS OILFIELC
BRINESS PLUGGINGS RADIOACTIVE WASTESS RESERVOIR
PROPERTIEZS? SALT DEPOSITSS SEISMOLOGYS SHALES
STRATIGRAPHYS SUESURFACE RESERVCIRSS
UNDERGROUND DISF(SAL? WASTE CISPOSAL.

43

GAREARINI 68
BR INE TREATMENT/SFENT FLUIC OISPOSAL

TITLE- POTENTIAL GF CENVER BASIN FCR DISPOSAL OF
LIQUID WASTES. '

AUTHOR- GARBARINI, GeSs {SUN OIL CGC.y DENVER, COLO.
(USA) ).

. VEALy HeKe [WOLF EXPLORATICN CO.,y. DALLAS,
TEX. (USA)]),

GALLEYy Jotese (EDS)
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REFERENCE= SUBSURFACE [CISPOSAL IN GEOLOGIC BASINS=-=A
STUDY OF RESERVCIR STRATA. AM, ASSOCe FET.
GEOLe+s TULSA, CKLlAey AUG 1968, MEMCIR 1G, P.
165‘1850

DESCRIPTORS= AQUIFERSS CASE HISTORIESS DEEP WELLSS
DISPOSAL FORMATICNS: GEOLOGY3 GROUNEC WATERS
HYDRAULIC FRACTURINGS INJECTICN WELLSS LIQUID
WASTES? PERMEABILITYS: POROSITY? RESERVCIK
PROPERTIESS SANCSTONE?Y SEDIMcNTARY ROCKSS
SEISMOLOGYS: SHALE: STRATIGRAPKY$ SUBSURFACE
RESERVOIRS: UNDERGROUND DISFCSAL3 WASTE
DISPOSAL] WELL LCGGINGS COLCRADOS DENVER BASIN.

50

GARCIA-BENGOCHEA 73
SRINE TREATMENMN /SPENT FLUIC CISPOSAL

TITLE- ARTIFICIAL RECHARGE OF TREATED WASTE WATERS
AND RAINFALL RUNCFF INTO DEE£F SALINE AGUIFERS
OF PENINSULA CF FLORICA,

AUTHOR= GARCIA~BENGCCHEA, JsT+43SPRCULy CeRe [ELACK,
CROW AND EIDSNESSs INCes GAINESVILLE, FLA,
(usa)i.

VERNONy ReO+3WOODARDy HeJo [FLORIDA STATE
DEPARTMENT OF PATURAL RESOURCES, TALLAEASSEE
(USA)e DIVe OF INTERIOR RESOURCES1].

BRAUNSTEINs Je (EDs)

REFERENCE= UNDERGROUNI{ WASTE MANAGEMENT AND
ARTIFICIAL RECHARGE. AMERICAN ASSCCIATIGN OF
PETROLEUM GEOL (GISTS, TULSA, COKLAey» 1973, V. 1,
Pe 5(5=525,

DESCRIPTORS- AGUICLUCES: AQUIFERS3 ARTIFICIAL
RECHARGE: CASE hRISTORIES: CHEMICAL COMFCSITIGN:®
DECP WELLS?! DCLCHITE ROCKS3S ENVIRONMENTAL
EFFECTSS CGROUNT WATERS HYDROGEOLUGYS INJECTION
PRESSURE: INJECTION RATES: INJECTION WELLSS
LIMESTONIZS MEASURING INSTRUMENTSS MEASURING
METHODSS MONITCRINGS PH VALUES PRE-INJECTION
TREATMENT{ SALINE AQUIFERS? TRANSMISSIVITY:
UNDERGROUND DISFCSALS? WASTE WATER? WATER
QUALITYS WELL CASINGSS WELL DATAS WELL
DRILLING: WELL LCGGING: FLORICA.
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51

HALL 73
BRINE TREATMENT/SPENT FLUIC OISPOSAL

TITLE= UeSe ENVIRONMENTAL PROTECTICN AGENCY FCLICY
ON SUBSURFACE EMPLACEMENT OF FLUIDS BY WELL
INJECTION,

AUTHOR= HALLy CoeWs3EALLENTINE, ReKe [(ENVIRCNMENTAL
PROTECTION AGENCY, WASHINGTON,y DesCe (USA)1,

BRAUNSTEINy Je (ED.)

REFERENCE= UNDERGROUN{ WASTE MANAGEMENT ANOD

' ARTIFICIAL RECHARGE. AMERICAN ASSOCIATICN OF
PETROLEUM GEGLCGISTSs TULSA, CKLAesy 1973, Ve 2y
Pe 783=794, ’

DESCRIPTORS= DEEP WELLS? ECONOMICSS: ENVIRONMENTAL
EFFECTS: ENVIRONMENTAL PROTECTION AGENCYS
GEOLCGYS GROUNLT WATERS HYDRCOLCGYS INDUSTRIAL
WASTESS INJECTICN WELLSS LEGAL ASPECTSS LIQUIC
WASTESs OILFIELC BRINES: POLLUTIONS :
REGULATIONS] RESERVOIR PRCOPERTIESS UNCERCROUND
DISPOSALS WASTE CISPOSALS WELL DESIGN.

HANBY 73
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- SUBSURFACE DISFOSAL OF LIQUID INDUSTRIAL
WASTES IN ALABAMA==A CURRENT STATUS REFCKT.

AUTHOR=  HANBY, KePetKIDDy ReZe [GECLOGICAL SURVEY OF
ALABAMA UNIVERSITY, ALA. (USA)].

LAMORIAUX, PsEs I[STATE CIL ANDG GAS ECARDG,
UNIVERSITY, ALA. (USA)].

BRAUNSTEINy Js (EDS)

REFERENCE= UNDERGROUNL WASTE MANAGEMENT AND
ARTIFICIAL RECHARGE. AMEFPICAN ASSOCIATION OF
PETRGLEUM GEOL(GISTS, TULSA, OKLAey 1973, Ve 1,
Pe 72-9G, :

CESCFIPTCRS= CARBONATEST CHEMICAL REACTIONSS
’ DISPOSAL FOURMATIONSS DOLOMITE ROCKS3 GECLOGYS
GROUND WATERS INDUSTRIAL WASTES: INJECTIGN
PRESSURE: INJECTION RATESS INJECTION WELLSS
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LIQUID WASTESS LITHOLOGYS MONITORINGS
PERMEABILITYS PLULGGINGS POROSITY] PRE-INJECTION
TREATMENY 3 SANDSTONES SURFACE EQUIPMENT:
UNDERGROUND OISFOSALS WASTE CISPOSALS KELL
CEMENTING: WELL COMPLETIONS ¢ELL DRILLINGS
ALABAMAS BLACK WARRIOR BASIN,

53

HARCAMAY 68
BRINE TREATMENT/SFENT FLUIC OISPOSAL

TITLE- POSSIBILITIES FOR SUBSURFACE WASTE ODISFOSAL
IN A STRUCTURAL SYNCLINE IN PENNSYLVANIA.

AUTHOR= HARDAWAY, J.Es {ISOTOPES-TELEDYNE, WESTWOOD,
MeJds (USA)],

GALLEY, JoE. (ED,)

REFERENCE= SUBSURFACE DISPOSAL IN GEOLOGIC EASINS-=A
STUDY OF RESERVCIR STRATA. 4AM. ASSOC. PET.
GEOL.y TULSA, COKkLAsy AUG 196€&, MEMOIR 10, P,
93=127.

DESCRIPTORS= AQUIFERS? BRINES: CHEMICAL ANALYSIS:
CONNATE WATER3 CEEP WELLS: GECLCGY: HYODRAULIC
FRACTURINGS HYDRCDYNAMICS?T HYGROLOGY? INJECTION
WELLSS LIQUIC WASTESS LITHOLCGYS PORGSITYS
SALINE AQUIFERS: SANDSTONE: SFALES
STRATIGRAPHYS SLESURFACE RESERVGIRSS
UNDERGROUND DISFCSALS WASTE CISPOSALS KELL
LOGGING: PENNSYLVANIA,

54

+EIDARI 74
BRINE TREATMENT/SFENT FLUIC CISPCSAL

TITLF- ANALYSIS OF LIQUID=-WASTE INJECTION WELLS IN
ILLINQIS BY MATHEMATICAL MOOELS.,

AUTHOR- HEIDARIs Me SCARTWRIGHT, Ko [ILLINCIS STATE
GEOLOGICAL SURVEY (USA)].

SAYLORy PeEe [ILLINOIS UNIVes, URBANA (USA}.
DEPT. OF COMPUTER SCIENCE ],

REFERENCE= ANALYSIS GF LIQUID=-WASTE INJECTICN WELLS
IN ILLINOIS 3Y MATHEMATICAL VMCDELS. WRC
RESEARCH REPORT NOs 77, ILLINCIS UNIVe.s KATER
RESOURCES CENTER, URBANA, JAM 1974, 114 Pe.
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DESCRIPTORS= AQUIFERS: CASE HISTORIESS CCMPLTER
CALCULATIONS: CCNVECTIONS DEEFP WELLSS
DIFFUSIONS ECONCMICS: EXPERIMENTAL RESULTS:
GEOLOGYS HYDRODYMAMIC DISFERSIONS HYDRCGEOLOGYS
INJECTION WELLSS LIQUID WASTESS LITHOLCGYS MASS
TRANSFER: MATHEMATICAL MODELS: PERMEABILITYS
POROSITY: POROUS MEDIAS PRESSURE BUILDLFS
SANDSTONES STRATIGRAPHY?: SUBSURFACE RESERVOIRSS
UNDERGROUND DISFCSAL3 WASTE CISFCSALR ILLINOIS.

55

. HICALGO 73
BRINE TREATMENT/SFPENT FLUIC CISPOSAL

TITLE~- EDP AS AN AIC FOR CECISION MAKING IN
SUBSURFACE INJZCTION OF LIQUID WASTES.

AUTHOR= HIDALGO, ReVe3WOODFORKy Lebs (WEST VIRGINIA
GEOLOGICAL SURVEY, MCRGANTOKAN (USA)].

BRAUNSTEIN, Je (EDS)

REFERENCE= UNDERGROUNL WASTE MANAGEMENT AND

' ARTIFICIAL RECHARGE. AMERICAN ASSCCIATICN OF
PETROLEUM GECLCGISTSy TULSA, CKLAsy 1973y V. 1,
Pe 133-146.

DESCRIPTORS~- COMPUTER CALCULATIONS; DISPCSAL
FORMATIONSS ECONGMICSS FEASIBILITY STUCIESS
GEOLOGYS GROUNC KATER; HYDRAULIC FRACTURINGS
INDUSTRIAL WASTE St INJECTION WELLSS LIGLID
WASTES? SUBSURFACE RESERVOIRSS UNDERGRCUND
DISPUSAL: WASTZ CISPOSALS WELL DATAS WELL
LOGGINGS WEST VIRGINIA,

56

KRAUS 70
BRINE TREATMENT/SPENT FLUIC OISPCSAL

TITLE- APPLICATION CF HYPERFILTRATION TG TREATMENT
OF MUNICIPAL SEWAGE EFFLUENTS,

AUTHOR= KRAUS, KesAs {CAK RIDGE NATIONAL LAEBe.y TENN.
(USA) ).

REFERENCE= APPLICATICN OF HYPERFILTRATION TC
TREATMENT GF MUNICIPAL SEWAGE EFFLUENTS. WATER
POLLUTION CONTRCL RESFARCH SERIES ORD=17030EOCH

01770, FEDERAL WATER QUALITY ADMINISTRATION,
WASHINGTONs DeCes JAN 1970, 71 P.,
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DESCRIPTORS~- ADDITIVESS POLLUTICN REVERSE CSMOSIS:
WASTE PROCESSINGS WASTE WATEGR,

57

LATTA 73
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- SUBSURFACE CISFOSAL OF WASTE IN KANSAS.

AUTHOR=- LATTA, BoFe [KANSAS STATE OEPT. OF KEALTH,
TOPEKA (USA) .

BRAUNSTEZINy Je (ED.)

REFEZRENCE= UNDERGRGUNL WASTE MANAGEMENT ANQ
ARTIFICIAL RECHARGE. AMERICAN ASSOCIATION OF
PETRCLEUM GECLCCISTS, TULSA, OKLA.s 1973, V. 1,
Pe 622-633.

DESCRIPTORS= ACIDIZATION: APEAL EXTENTY BRINES?T
CHEMICAL COMPATIBILITY: CORRCSION: CORRGSION
INHIBITORS: OEEF WELLSS DISFCSAL FCORMATICNSS
DOLOMITE ROCKSS FAILURPESS GRCUND WATERS
INODUSTRIAL WASTES: INJECTICN FRESSURES
INJECTION WcillS3 LEGAL ASPECTSS LIMESTCNES
LIQUID WASTESS LITHOLOGY?: OILFIELD BRINES?
PERMEABIL ITY; PLUGGINGS POLLUTION: POLLUTION
LAWS? PORCSITYS PRECIPITATICNS: PRE-INJECTION
TREATMENT§ REGULATIONSS SALT LEPOSITSS
SANDSTONT$ SURFACE WATERS? UNCERGROUNE
DISPCSAL? WASTE CISPOSALS WELL CCMPLETICNS WELL
DESIGNS WELL LGGGINGS WELL GFERATIONS XANSAS,

58

LOFGREN 73
BRINE TREATMENT/SPENT FLUIC DISPCSAL

TITLE- HAZARDS OF WASTE DISPOSAL IN GROUNCWATER
BASINS.

AUTHOR=- LOFGRENy BsE. [GEOLOGITAL SURVEY,
SACRAMENTO, CALIF. (USA)].

BRAUNSTEINs Jo (EDs) -
REFERENCE~= UNDERGROUNC WASTE MANAGEMENT AND
ARTIFICIAL RECHARGE. AMERICAN ASSOCIATICN OF

PETROLEUM GECLCGISTS, TULSA, OKLAss 1973, V. 2,
Pe 715=-728,
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DESCRIPTORS= AQUIFERS? AQUITARDS: ENVIRONMENTAL
EFFECTS; EXPERIMENTAL RESULTS3 FAILURESS GROUNG
SUBSIDENCE: GROUND WATER: HYLRAULICSS
HYDROGEOLOGYS INJECTION WELLSS MEASURING
INSTRUMENTS: MCNITORINGS SOIL MECHANICSS
UNDERGROUND DISFOSAL: WASTE CDISPUSAL3 WATER
POLLUTIONS CALIFCRNIA,

59

_ MC CANN 68
BRINE TREATMENT/SFENT FLUIC DISPOSAL

TITLE- POSSIBILITIES FOR DISPOSAL COF INDUSTKIAL
WASTES IN SUESURFACE ROCKS ON NGRTH FLANK OF

APPALACHIAN BASIM IN NEW YORK.

AUTHOR= MC CANN, TePs [SHELL CANACIAN EXPLORATION
COey HOUSTONs TEXs (USA)].

PRIVEASKYy NeCeo [TIDEWATER CIL CCey
PITTSBURGHy PA. (USA)]. '

STEADy Fele {CONSULTING GEOLOGIST, MAGNOLIA,
ARKANSAS (USA)]).

WILSONy JeEes [ CONSOLIDATED GAS SUFPPLY
CORPCRATIONy CLARKSBURGy We VA. (USA) ],

GALLEY, Jo.E. (EDs)

REFERENCE=- SUBSURFACE DISPOSAL IN.GEOLOGIC EASINS==A
STUDY OF RESERVCIR STRATA. #Me. ASSCC., FETe
GZOLes TULSA, OKLAsy» AUG 1968, MEMCIR 10, P,
43=92.

DESCRIPTORS= CHEMICAL COMPOSITION3: CEEP WELLSS
DISPOSAL FORMATICNS: DOLOMIT:E RCCKS3
EARTHQUAKESS FEASIBILITY STULIESS GEOLCCYS
HYDRAULIC FRACTULFING: HYDRODYNAMICSS INCUSTRIAL
WASTLS? INJECTICN WELLSY LIMESTCNES LIGUID
WASTES: PERMEABILITY: PH VALLES PORCSITYS
RESERVOIR PR(PERTIES: SALT CEPOSITSS SANCSTONE:®
SEDIMENTARY ROCKSS SEISMOLOGYS SHALES
STRATIGRAPHYS; SUESURFACE RESERVCIRSS WELL DATA3S
NEW YORK: APPALACHIAN BASIN,

/

6C

MEERS 73
BRINE TREATMENT/SPENT FLUIC OISPCSAL

TITLE~ DFSIGN, DRILLING AND COMPLETICN, CPERATICN,

AND COST OF UNCERGROUND WASTE-DISPOSAL hELLS 1IN
GULF COAST REGICN OF TEXAS AND LCUISIANSA,
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AUTHOR=- MESERSy ReJs [POLLUTION CONTROL AND WASTE
DISPOSALs INCes NEW ORLEANS, LA. (USA)).

BRAUNSTEINy Je (ED.)

REFERENCE- UNDERGROUNC WASTE MANAGEMENT AND
ARTIFICIAL RECHARGE. AMERICAN ASSOCIATICN OF
PETROLEUM GECGLC(GISTSy TULSA, OKLAe» 1973, Ve 1,
P, 337=345,

DESCRIPTORS= AREAL ZXTENTS BACTERIA; CHEMICAL
COMPATIBILITY; CORROSION? COFROSION INHIBITORSS
CORROSTION PROTECTIONS ECONGPICSS FEASIEILITY
STUDIES: INJECTION WELLS: LIGUID WASTES:
MONITORING? PERMEABILITY: PLUGGING3 PORCSITYS
PRE=-INJECTION TREATMENT; REGULATIONSS RESERVOIR
PROPERTIFS: SUESURFACE RESERVOIRSY SUSFENDED
SOLIDSS UNDERGRCUND DISPOSALS WASTE OISFGSALS
WELL CASINGSS RELL CEMENTINGS WELL CCMFLETIONS
WELL DESIGN: WELL DRILLING: WELL LOGGINGS WELL
OPERATIONS TEXASS LOUISIANA,

61

MOHR 73
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- DECISION MAP FING==TOOL FOR UNCERGROUNG WASTE
MANAGEMENT,

AUTHOR~ MOHR, CeMs3C*"BRIFNy PeJe [ARTHUR Do LITTLE,
INCes CAMBRIOGE, MASS, (USA) .

BFAUNSTEINy Je (EDS)

. REFERENCE= UNDERGROUNT WASTE MANAGEMENT ANS
ARTIFICIAL RECKARGE. AMERICAN ASSCCIATICN OF
PETROLEUM GEOLCGISTS, TULSA,y CKLAsy 1973, Ve 2y
P, 731-737.

DESCRIPTORS= BRINE TREATMENTS DEEP WELLS: ECONOMICS:
FEASIBILITY STUCIES? INDUSTRIAL WASTESS
INJECTION WELLSS LIQUID WASTESS MATHEMATICAL
MODELS: REGULAIICNSY UNDERGRCUND OISPOSAL:?
WASTE DISPCSAL: WASTE MANAGEPMENT.

62
MCSELEY 68

BRINE TREATMENY/SPENT FLUIC CISPOSAL
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TITLE- RELATICONSHIPS BETWEEN SELECTEDC PHYSICAL
PARAMETERS ANC CCST RESPONSES FOR THCZ CEEP=-WELL
DISPCSAL OF AQUEOUS INDUSTRIAL WASTES.

AUTHOR= MOSELZ Yy JeCosIIIMALINAy JeFeyJRe (TEXAS
UNIVa., AUSTIN (USA). CENTER FCR RESEARCHK 1IN
WATEE RESOURCES).

REFERENCE- . RELATICNSKIPS BETWEEN SELECTEC PFYSICAL
PARAMETER S AND C(ST RESPONSES FCR THE CeEP-WELL
DISPCSAL OF AQUEGUS IMDUSTRIAL WASTESe. €EHE ‘
G$-68031y CRWR 28, TEXAS UNIVaes CENTER FCR
RESEARCH IN WATIR RESOURCES,y AUSTIN, ALG 1968,
276 Pee

CESCRIPTORS- ACIDIZATIONS BACTERIAS BIOLCGICAL
FOULINGS CHEMICAL COMPATIBILITY; COMPUTER
CALCULATIONS: CCFROSIONY CORRCSION RESISTANT
ALLOYS: DEEP WELLSS DISPOSAL FORMATIONS:
ECONOMICSS FLCW RATES GEOLOGYS HYDRAULIC
FRACTURING: HYDRCDYNAMICS: INCUSTRIAL WASTES:
INJECTION PRESSURES INJECTICON RATESS INJECTICN
WELLSS LITHOLOCYS MATHEMATICAL MOOELSS
PERMEABILITY; PIPELINES: PORCSITY: PCRCLS
MEDIAS PRE~-INJZCTION TREATMENTS PRESSURE
BUILDUPS RADIUS CF INFLUENCES RESERVOIR
PROPERTIF Sy SUESURFACE RESFRVOCIRS SURFACE
E£QUIPMENTS SUSFENDED SOLIDSS TEMPERATURE
LOGGING3Y UNDERGRCUND DISPOSALS WASTE DISFOSALS
WELL COMPLETICN: WELL DESIGNY WELL CRILLINGS
WELL LOGGINGS WELL STIMULATICNS TEXASS
CALIFORNIA? COLCRADOS FLOFIDAS ILLINOCISS
INDIANAS IOWA$3 KANSASS LOUISIANA3 MICHIGANS NEW
MEXICO.

63"

PETERSON 68
3RINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- SEODIMENTARY HISTORY AND ECCNOMIC GEOLCGY OF
SAN JUAN BASIN, NEW MEXICO ANC COLORACGC,

AUTHOR= PETERSONy JeA. [(MONTANA UNIVe, MISSCULA
(USAY ).

LOLEITy A.Je3ULLRICHy ReoA. [EL FASC NATURAL
GAS COe9 FARMINGTONMNy No MEXs (USA)]},

SPENCERy CeWse [TEXACO, INC.1,

GALLEYy JoE.+ (EDS)
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REFERCNCE~- SU3SSURFACE DISPOSAL IN GEOLOGIC EASINS=-A
STUDY OF RESERVCIR STRATAe. AM. ASSOC. FET.
GEOLey TULSA, CKLA.y» AUG 1966, MEMCIR 18, P,
186=231.

DESCRIPTORS= AQUIFERSY DEEP WELLSj; DISPOSAL
FORMATIONS: OCLGMITE ROCKS: ECONGMICSS
FEASIBILITY STULIESS GEOLOGYS GROUND WATERS
LIMESTONIS OIL wELLSS PERMEABILITYS PORCSITYS
SANDSTONE? SECIMENTARY ROCKSS SHALES
STRATIGPAPHY3; NEW MEXICOY CCLCRADOS SAN JUAN
BASIM,.

64

SCHEICHT 73
BRINE TREATMENT/SPENT FLUIC CDISPOSAL

TITLE- DEEP=-WELL INJECTION OF DESALTING-PLANT WASTE
BRINE .

AUTHOR=  SCHICHT, ReJs [ILLINOIS STATE WATER SURVEY,
URBANA (USA) ).

BRAUNSTEINy Js (EDs)

REFERENCE~ UNDERGROUNC WASTE MANAGEMENT AND
ARTIFICIAL RECKHARGE. AMERICAN ASSCCIATICN OF
PETRCGLEUM GEOLCGISTSy TULSA, CKLA«y 1973, V., 1,
Pe 652=663, :

DESCRIPTORS- AQUIFERS? BRINE TREATMENTS BRINESS
CHEMICAL ANALYSISS DEEP WELLSS CESALINATIONS
ECONOMICSS ELECTRODIALYSISS ENVIRONMENTAL
EFFCCTSS FEASIBILITY STUDIES3 GRUUNC WATERS
HYDRAULICST HYDRCLOGY: INJECTION PRESSURES?
INJECTION RATESS? INJECTION WELLSS LIGUID
WASTESS MATHEMATICAL MODELSS PRESSURE EUILDUFS
REVERSE OSMOSIS; SANDSTONE: STRATIGRAPEY:
TRANSMISSIVITY? UNCERGRQUND CDISPOSALS WASTE
DISPOSALS WATER QUALITYS Wzil CASINGSS WELL
DESIGN: ILLINGIS.,

65

VAN EVERGINGEN 68
BRINE TREATMENT/SPFENT FLUID OISPOSAL

TITLE- FLUID MECHANICE OF DEEP=-WELL OISFCSALS.,
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AUTHOR=- VAN EVERDINGEM, A.F. (OE GCLYER ANUD VAC
'NAUGHTON,y DALLAS, TEX. (USA)).

GALLEYy JeEe (FD)

REFERENCE=" SUBSURFACE DISPOSAL IN CGEOLOGIC BASINS==A
STUDY OF RESERVGIR STRATA., AMe ASSOC. FPET,
GEOL.y TULSA, OKLA., AUG 1968, MEMCIR 104 P
32=42, ‘

DESCRIPTORS~- ACIDIZATION: AREAL EXTENT: OEEF WELLS3
DISPOSAL FCORMATIONSS FEASIBILITY STUDIESS FLUID
MECHANICSS FLOW RATES INJECTICN PRESSURES
INJECTION RATESs INJECTION WELLS: LIQUIC
WASTZS? MATHEMATICAL MODELSS PERMEABILITYS
POROSITY? PRESSULRE BUILDUPS RESERVOIR
ENGINEERINGS RESERVOIR PROPERTIESS THECRETICAL
TREATMENTSS UNBERGROUND DISPCSALS WASTE
DISPCSAL: WELL CATAS WELL INTERFERENCES WELL
STIMULATION. : '

66

WALKER 73
BRINE TREATMENT/SFENT FLUID CISPOSAL

TITLE- LEGAL AND INSTITUTIONAL CONSIDERATIONS OF
DEEP=-wWelL WASTZ CISPOSAL.

AUTHOR= HALKER,y WsRe3COX, N.k. {VIRGINIA PCLYTECHNIC
INST. AND STATE UNIV., BLACKSBURG (USA),
VIRGINIA WATER RESOURCES RESEARCH CENTERD.

BRAUNSTEIN, Je (EDS)

REFERENCE- UNDERGROUNC NASTE MANAGEMENT ANC
ARTIFICIAL RECHARGE. AMERICAN ASSOCIATICN OF
PETROLEUM GROLCGISTS, TULSA, CKLAey 19734y Ve 1,
Pe 3-19,

DESCRIPTORS= AQUIFERS: DEEP WELLS: EARTHQUAKESS
ENVIFONMZINTAL EZFFECTSY ENVIRCNMENTAL PRCTECTION
AGENCY; GROUND SUBSIDENCES INJECTION PRESSURES
INJECTION RPATESS INJECTION WELLSS LEGAL
ASPECTS: LIQUIL WASTESY MONITCFING: PCLLUTIONS
POLLUTION LAWS? POLLUTION RECGULATIONSS
FADIOACTIVE WASTES? REGULATICNSS SEISMCLOGY?S
UNDEFGROUND DISFOSAL: WASTE CISPOSALS WATER
POLLUTIONS WELL CPERATION,

67

WARNER 68
BRINE TREATMENT/SFENT FLUIC DISPOSAL
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TITLE- SUBSURFACE OISPOSAL OF LIGQGUID INDUSTRIAL
WASTES 8Y DEEP-kELL INJECTION.

AUTHOR=  WARNEFRy Dels [FEDERAL WATER PGLLUTICN
CONTROL ADMINISTRATION (USA)., CINCINNATI WATER
RESEARCH LABORATORY, OHIOI.

GALLEYy JeEs (ED,)

REFERENCE= SUBSURFACE OISPCSAL IN CECLJIGIC EASINS=-=A
STUDY OF RESERVGIR STRATA. AM, ASSCC. PET.

GEOLey TULSA, OFLAsy AUG 1968, MEMCIR 1L, P,
11-2C.,

DESCRIPTORS= AREAL EXTENT: BACTERIA; CHEMICAL
COMPATIBILITY: CLAY MINERALS? CCRROSION: DEEP
WELLS? DISPOSAL FORMATIONSS OCLOMITE RCCKSS
EARTHQUAKESS ECCNOMICSS FEASIBILITY STUCIESS
FLOW RATES GEGLCCY? HYDRAULIC FRACTURINGS
HYORCDYNAMIC D ISPERSIONS HYODRODYNAMICSS
INDUSTRIAL WASTES? INJECTION PRESSURES
INJECTION RATES: INJECTION WELLSs LEGAL
ASPECTSS LIMESTGMNES LIQUID WASTESS MATHEMATICAL
MODELSY MINERALCCGY?: PERMEABILITYS PLUGGINGS
POLLUTIONS PORCSITY: PRE-INJECTICN TREATMENT:
PEGULATIONSS R{CK PROPERTIESS SANDSTONES
SEDIMENTARY ROCKS3 SEISMOLOGYS SHALES
STRATIGRAFHY$ SUBSURFACE RESERVCIRSS SUSPENDED
SOLIDSY UNDERGRCUND DISPOSALS WASTE JISFCSALSY
WATER PCOLLUTIONS WELL STIMULATION.

68

WARNER 73
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- INDUSTRIAL WASTEWATER=-INJECTIGON WELLS IN
UNITED STATES~-STATUS OF USE AND REGULATION,
1973,

AUTHOR= WARNERs DoLe [MISSOURI UNIVe, ROLLA (USA)1.

OFCUTT, DeHe [WAPORA, INCey WASHINGTCN, D.Co
(USA) 1. '

BRAUNSTEINs dJe (EDS)
REFERENCE~= UNDERGROUNC WASTE MANAGEMENT AND
ARTIFICIAL RECFARGE. AMERICAN ASSOCIATIGON OF

PETROLEUM GECLUGISTS, TULSAy OKLAsy 19735 Ve 29
Pe 687=897.
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DESCRIPTORS= CHEMICAL COMPATIBILITY: OEEF WELLS3
DOLOMITE ROCKS: EARTHQUAKES: ENVIRONMENTAL
EFFECTSS FAILURES? GROUND WATERS HYORCLCGYS
INDUSTRIAL WASTESS INJECTION PRESSURES
INJECTION RATESS INJECTION WELLSS LEGAL
ASPECTS? LIMESTCONES LIQUID WASTESS OILFIELD
BRINESS POLLUTICN LAWSS POLLUTION REGULATIONSS
REGULATIONSS SALINE AQUIFERSS SANDS SANCSTONES
UNDERGROUND OISF(SAL? WASTE CISPOSAL3 WATER
POLLUTIONS USA.

69

YAMAMOTO 73
3RINE TREATMENT/SFENT FLUIC CISPCSAL

TITLE- UNDERGPOUNG WASTE DISPOSAL AND ARTIFICIAL
RECHARGE IN JAPAN.,

AUTHOR=- YAMAMOTO, S. [TOKYO UNIV. OF EDUCATICN
‘ {JAPAN) o FACULTY OF SCIENCE].

BPAUNSTEINs Jeo (EDS)

REFERENCE= UNDERGROUNC WASTE MANAGEMENT AND
ARTIFICIAL RECHARGE. AMERICAN ASSOGCIATIGN OF
PETROLEUM GECL(GISTS, TULSA, OKLAsy 1973, Ve 1,
Pe 65‘710

DESCRIPTORS~- AQUIFERS: ARTIFICIAL RECHARGES$ CREMICAL
ANALYSIS? FILTRATIONT GEOLOGYS GEOTHERMAL
BRINELSY GEOTHERMAL FIELDS? GROUND SUBSICENCES
HYBROLOGY: INDUSTRIAL WASTES: INJECTICN RATES;S
MONITORINGS OBSERVATION WELLS® PH VALUES
PLUGGINGS STRATICGRAPHYS; TRANSMISSIVITYS
UNCERGROUND DISFCSAL: WASTE CISPOSAL: KELL
COMPLETICNS WELL DESIGNS WELL INTERFERENCES
JAPAN,

78

API 60
BRINE TREATMENT/SPENT FLUIC CISPCSAL

TITLE- SUBSURFACE SALT-WATER DISPOSAL. BOCk 3 OF
THE VOCATIUNAL TRAINING SERIES.

AUTHOR= AMERICAN PETR(LEUM INSTITUTE, DALLAS, TEXAS.

REFERENCE- SUBSURFACE SALT-WATER CDISFQSAL. EOQOOK 3
OF THE VOCATIONAL TRAINING SERIES., AMERICAN
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PETRCLEUM INSTITUTE, PRODs DIVes, DALLAS, TEXAS,
1966, 101 P,

DESCRIPTORS~ ACIDIZATION: AREAL EXTENT: BRINE
TREATMENT S CASE HISTORIES: CEEP WELLS: CISFOSAL
FORMATIONSS ZC(NCMICSS FIELD STUDIESS
FILTRATIONS FLCW RATES HYDRAULIC FRACTURINGS
INJECTION WELLSS LEGAL ASPECTS: OILFIELD
BRINESS PERMEABILITYS: PIPELINESS PLUGCGINGS
POROSITY: FRE-INJECTION TREATMENTS RECULLATIONSS
RESERVOIR PROPERTIES: SEDIMENTATIONS SURFACE
EQUIPMENTS UNDERGROUND CISPGSALS WASTE
DISPCGSALS WELL CASINGS? WELL COMPLETIONS WELL
DESIGN] WELL DRILLING: WELL STIMULATICN,

71

BLAIR 51
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- TREATMEWNT OF FRODUCED SALT WATER-=-FRICR TO
UNDFRGROUND DISFCSAL IN SAND FORMATIONS,

AUTHCR« BLAIRy JeVe [SINCLAIR OIL AND GAS COCey
TULSA, OKLA, (USA)).

REFERENCE= OIL GAS Jey Ve 49 (42), P. 17€-185(FEB
1351).,

DESCRIPTORS~- BRINE TREATMENT: CARBONATES: CHEMICAL
ANALYSIS: CHEMICAL COMPATIBILITYS CORRCSIONS
CORROSION RESISTANT ALLOYSS DEEP WELLSS
ECONOMICS: FILTRATIONS FLCW RATE: INJECTION
WELLS? OILFIELD BRINESS PERMEASILITYS
PIPELINESY PIPELINE PIGSS PLUGGINGS POROSITYS
PRE=INJECTION TREATMENT3: SANCSTONE3 SCALINGS
SCALING CONTROL: SEDIMENTATICNS SURFACE
FQUIPMENT 3 SUSPENDED SOLIDSS UNDERGRGUNC
DISPOSAL: WASTE C[ISPOSALS TEXAS.

72

BLEAKLEY 70
BRINE TREATMENT/SFENT FLUIC OISPOSAL

TITLE- SHELL®S SWO MEETS POLLUTION STANDAROCS,.

AUTHOR= BLEAKLEY, WeEs (ED)

REFERENCE= OIL GAS Jey Vo 68 (38), P, 1U4=14E(SEP
1970) .
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DESCRIPTORS~ CORRCSIGNS DEEP WELWLSS DISSOLVEC
_SOLIDSt ECONOMICSs ENVIRONMENTAL EFFECTSS
EVAPORATION POUNGSs INJECTION WELLS: CILFIELD
BRINESS POLLUTICN REGULATIONS: SURFACE
EQUIPMENTS SUSPENDED SOLIDSS UNDERGRGUNC
DISPOSAL: WASTE CISPOSAL.

73

' BCDVARSSON 72
BRINE TREATMENT/SPENT FLUICD CISPCSAL

TITLE- THERMAL PRCBLEMS IN THE SITING OF REINJECTION
WELLS,

AUTHOR=- BODVARSSON, G. [OREGON STATE UNIVe,
CORVALLIS (USA). DEPTes OF OCEANOGRAPHYI,

REFERENCE- GEOTHERMICSs Ve 1 (2)y Pe 63-66(JUN
i972). ' '

DESCRIPTORS« DIFFUSICN; DISPOSAL FCRMATICNSS FLOW
. RATE; GEOTHERMAL BRINES: GEGTHERMAL ENERCYS
GEOTHERMAL FLUICSs GEOTHERMAL RESERVCIRS:
GROUND WATERS FEAT TRANSFERS INJECTION WELLSS
‘MATHEMATICAL MCLELS? PERMEABILITYS PCROUS
MEDIAY RADIUS CF INFLUENCES THEORETICA
TREATMENTS? THERNMAL POLLUTION. :

T4

CALAMAT 73
BRINE TREATMENT/SFENT FLUIC CISPGSAL

TITLE- A PEINJECTIOM EXPERIMENT IN THE VICO 1 WELLe

AUTHOR= CALAMAI, A¢3CERON, P, iFERKARAy GeIMANETTI,
Ge I[ENEL, DIREZIONE STUDI E RICERCHE, FISA -
_ (ITALY), CENTRC CI RFCERCA GEOTERMICA).

REFERENCE= GEOTHERMICS, Ve 2 (3=4), P,
117-118 (SEP=DEC 1973).

OESCRIPTORS~ AQUIFERS: CARBOMNATEZSS CHEMICAL
ANALYSIS: DISPGSAL FCRMATIONSS CISSCLVEC
SOLIDS: ENVIROMMENTAL EFFECTSS EXPERIMENTAL
RESULTSS FLOW FATES GEOTHERMAL BRINES:
GEOTHERMAL FLUICS® GEOTHERMAL RESERVCIRS?S
HYDRCGEOLOGYS IMNJECTION PRESSURES INJECTION
WELLSS LITHOLOGY: PERMEABILITY; POROSITY;
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SEISMOLOGYS TEFPERATURE LOGGINGS THERMAL
EFFLUENTSS UNDERGROUND DISPOSALS WASTE
:DISPOSAL: ITALY.

75

CECIL S5¢
BRINE TREATHMENT/SPENT FLUIC DISPOSAL

TITLE- UNDERGRCUNC DISPOSAL OF PRCCESS WASTE WATER.,

AUTHOR= CECILy LeKe UINFILCO INCey TULSA, CKLA,
(USA) 1.

REFERENCE= IND, ENGe CHEMeoy Ve 42 (&), P,
584=599 (APR 195().

DESCRIPTORS~- ACIOIZATION: BACTERIAS BIOLCGICAL
FOULINGS CASE HISTORIESS CHENMICAL ANALYSISS
CHEMICAL CCMFOSITIONS COOLING TOWERSS
CORROSIONS CORRCSION INHIBITCRS: DEEP WELLSS
DISPCSAL FORMATICNSS FILTRATICNS FLCW RATES
INDUSTRIAL WASTES: INUECTION FRESSURE:?:
INSECTION WELLS? LIMESTONEX C(ILFIELO BRINESS PH
ADJUSTMENTS PLUEGGINGS PRECIFITATIONS
PRE=INJECTION TREATMENTS: SANCSTONES SCALING
CONTROLS SURFACE EQUIPMENT? SUSPENDED SCLIDSS
UNDERGROUND ODISFOSAL? WASTE CISPOSALS WASTE
WATER: WELL COFFLETION,

76

CEASTEEN 74
BRINE TREATMENY/SPENT FLUIC CISPOSAL

TITLE- GEOTHEPMAL STEAM CONDENSATE REINJECTICN.

AUTHOR= CHASTZENs Aeds [UNION OIL CO.y SANTA ROSA,
' CALIF. (USA)1. :

REFERENCE«= PROCEECIMNGS=-CONFERENCE ON RESEARCH FOR
THE CEVELOFPMENT OF GEOTHERMAL ENERGY RESCURCES.
JET PROPULSION LAB./CALIFs INSTe OF TECH.
PASADEZNA, CALIFey DEC 1974y Pe 34D-344,

DESCRIPTORS= CASE HBISTORIES: CCCLING TOWERSS
CORROSIONS D&EP WELLSS DISFOSAL FORMATIONSS
FLOW RATZ§ GEZOTHERMAL BRINESS GEOTHERMAL
RESERVOIRS? INJECTION PRESSURES INJECTICN
WELLSS MONITCRINGS PERMEABILITY; PIPELINESS
PLUGGING: SEISMGLOGY: SUBSURFACE RESERVCIRS:
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SURFLCE ZQUIPMENTS UNDERGROUNG DISFCSAL?Y WASTE
DISPOSALS BWASTE WATERS WELL DESIGNS GEYSERS
GEOTHERMAL FIELL: IMPERIAL VALLEYS VALLES
CALDERA GEOQOTHERMAL FIELDS CALIFGRNIAS NEW

77

_ CGLLINS 76
BRINE TREATMENY/SPENT FLUIC GISPCSAL

TITLE= FINDING PROFITS IN OIL-WELL WASTE WATERS,

AUTHOR= COLLINS, A.Gs [BUREAU GF MINES,
BARTLESVILLE, CHLA. (USA)e BARTLESVILLE
PETROLEUM RESEARCH CENTERID,

REFERENCE= CHIMe ENGe (NoYe)y Po 1€5-168(SEF 21,
1970) . '

DESCRIPTORS= DEEP WZLLSS DESALINATIONS ECCNCMICSS
ENVIFONMENTAL EFFECTS3 MINERAL RECGVERYS
OILFIELD BRINESS POLLUTIONS UNDERGRGUNC
DISPOSALS RASTE LISPOSALS WASTE PRCCESSINGS
WASTE WATER,

78

COLLINS 74
BRINE TREATMENT/SFENT FLUIC CISPCSAL

TITLE- SALINE GROUNCWATERS PRODUCEC WITH GIL AND
GAS. :

AUTHOR= COLLINS, AeG. [(BUREAU OF MINES,
BARTLESVIELE, (KLA. (USA), BARTLESVILLE ENERGY
RESEARCH CENTER1 .

REFERENCE=- SALINE GRGUNDWATERS PRCDUCED WITH GIL AND
GASs EPA=-660/c-74=010, ENVIRCNMENTAL
PROTECTION AGEM Y, OFFICE OF RESEARCH AND
DEVELOPMENT, WASFINGTONy DeCey APR 19744 68 Pso

DESCRIPTORS= CHEMICAL ANALYSISS CHEMICAL .
COMPATIBILITY; BRINE TREATMENTS DEEP WELLSY
DESALINATIONS OJISPOSAL FORMATICNS: DISSCLVED
SOLIDSS ECCNOMICSS ENVIRONMEMTAL EFFECTSS
ENVIFONMENTAL PRCTECTION AGENCY; EVAPORATION
PONDS: GROUND WATER: MATHEMATICAL MCDELS:
MINERAL -RECOVERYS MONITORINGS CILFIELLC BRINESS
PERMEABILITYS FCLLUTIONS PROGRAMMINGS SALINE
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AQUIFERS: SALINITY$ SALINITY MAPS: SCALING
CONTROLS SEDIMENTARY ROCKST UNDERGRCUNC
DISPOSALS WATER ANALYSISS WELL DESIGNS TEXASS
ANADAKRO BASIN: WILLISTON BASINS USA,.

79

‘ EPA 76
3RINE TREATMENT/SPENT FLUIC CISPCSAL

TITLE- STATZ RULES FCFM BASIS FOR EPA INJECTICN
REGS. -

AUTHOR~- EFA
REFERENCE= OIL GAS Jay Vo 74 (17), Pe. B69(APR 1376),

DESCRIPTORS~ BSRINESS EZCONOMICS: ENVIRONMENTAL
PROTECTION AGENCY; INJECTION WELLSS POLLUTION
REGULATIONSS RECULATIONS: UNCERGROUNG CISPOSAL.

8¢

GARG 75
SRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE~ SIMULATION OF FLUID=ROCK IMTERACTIGNS IN A
" - GEOTHERMAL BASIN.

AUTHOR= GARGy SeKe3BLAKE,y TeRe IBROWNELL,
DeHoe s JRe I NAYFEHy AoeHotPRITCHETTy JoWse [SYSTEMS,
SCIENCE AND SOFTWAREs LA JCLLA, CALIF. (USA)).

REFERENCE= SIMULATION OF FLUID-RGCK INTERACTICNS IN
A GEOTHERMAL BASIN. SSS=R=76-2734s SYSTEMS,
SCIENCE AND SOFTWARE, LA JOLLA, CALIF. (USA),
SEP 1975, €3 Pso

DESCRIPTORS= COMPUTER CALCULATIONSS CONVECTIGNS
GEOTHERMAL RESERVOIRSS GROUNC SUBSIUENCES HEAT
 TRANSFER: FEAT TRANSFER COEFFICIENTS
HYDRODYNAMIC DISPERSIONY MATHEMATICAL MCOELS:S
PERMEABILITYS PCFOSITYS POROUS MEDIAS
ROCK=FLUIC INTERACTIONS: THECGRETICAL TREATMENTS,
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. HEALY 68
BRINE TREATMENT/SFENT FLUIC DISPOSAL

“TITLE- THE DENVER EAR THQUAKES.

AUTHOR= HEALY, JeHe SRILEIGH, CeBo U(GEOLOGICAL
SURVEY, MENLG PARKs CALIF., (USA)).

RUBEY, WeWetGRIGGS, DeTe (CALIFORNIA UNIVe,
LOS ANGELES (USA)e. INST. OF GEOPHYSICS AND
PLANETARY PHYSICS1.

REFERENCE- SCIENCE, V. 161 (3848), P, 1301-1310(SEP
27y 1968) 4 :

CESCRIPTORS- DEEP WELLS3 FAULT ACTIVATIONS INJECTICN
PRESSURE: INJECTION RATES: INJECTION WELLS:
LIQUID WASTESS MATHEMATICAL MODELSS MONITORINGS
ROCK~FLUID INTERACTIONSS SEISMOLOGYS
UNDERGROUND DISFOSAL: WASTE CISPOSAL: CCLORACO:
DENVER BASIN.

82

JESSEN 4¢
BRINE TREATMENT/SFENT FLUIC OISPOSAL

TITLE~ SUBSURFACE DISFOSAL OF CIL FIELD BRINES,

AUTHOR= JESSENy FeWe [CONSULTING ENGINEER, HCUSTON,
TEX. (USA)I,

REFERENCE= CHEMe ENGe PROGes Ve 45 (1)y Pe 11-16(JAN
1949).

DESCRIPTORS~- 3ACTERIA: CHEMICAL REACTIONS%
CORROSIONS; CORKGSICON PROTECTICNS CCRRCSICN
RESISTANT ALLOYS; DEEP WELLSy ECONCMICS:?
FILTRATION? INJECTION WELLSS OILFIELC ERINESS
PIPELINESS PRE=INJECTION TREATMENTS
REGULATIONS: SURFACE EQUIPMENTS UNDERCGRCUND
DISPCSALS WASTE CTISPOSALS WELL COMPLETICN.

83

' KREITLER 76
3R INE TREATMENT/SPENT FLUIC CISPOSAL
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TITLE- GECTHERMAL RESCURCES OF THE TEXAS GULF
COAST==-ENVIRONMENTAL CONCERNS ARISING FROM THE
PROBUCTION AND CISPOSAL OF GECTHERMAL WATERS.,

- PHASE O0=-SCOPE~-CF-WORK AND MANAGEMENT STULDY.

AUTHOR= KREITLERy CoWe3GUSTAVSON, TeCs [TEXAS UNIVeo
AUSTIN (USA). EUREAU OF ECONOMIC GECLOCY].

o VANSTONy JoHe IELMERy DeBe3GUSTAFSCN,
TeCoIKREITLERy CoWe3LETLOWy Ko3LOPREATC,
SeCe sMERINWETHERs Mo SRAMSEY, Po3ROGERS,
KeE o tWILLIAMSONs JoeKe (EDS.)

REFERENCE~" PROCEEQOINGS=--SECOND GEOPRESSURED
GEOTHZRMAL ENERCY CONFERENCE, VCLe Vs LEGAL,
INSTITUTICNAL AN[ ENVIRONMENTAL. TEXAS UNIVes
CENTER FOR ENERGY STUDIES, AUSTIN, FEB 1976y V.
Sy PART 3-<ENVIRCNMENTAL, 55 Fe.

DESCRIPTORS= BRINES3 (HEMICAL ANALYSIS? DEEP WELLS3Y
ENVIRONMENTAL EFFECTS: EVAPOFATION PONCSs FAULY
ACTIVATIONS GEOTHERMAL BRINESS GEOTHERPMAL
FLUIDSS GRCUND SUBSIDENCE; GROUND WATERS
INJECTION PRESSURES INJECTION RATESS INJECTION
WELLSS LEGAL ASFECTSS MATHEMATICAL MCOELSS
POLLUTIONS PORCSITYS REGULATICNSS RESERVCIR
COMPACTION: SALINE AQUIFERS: SEODIMENTARY ROCKS3S
SURFACE ZQUIPMENT? THERMAL PCLLUTICNS WASTE
DISPCSALS WATER C(HEMISTRYS WATER POLLUTICNS
WATER QUALITYS WELL DRILLINGS WELL CPERATION:
TEXAS.

84

LEE 5¢

BRINE TREATMENT/SPENT FLUIC DISPOSAL
BRINE TREATMENT/SCALINC

BRINE TREATMENT/CCRROSIOCN

TITLE- THRKOW YOUR WASTES DOWN A WELL.
AUTHOR= LFE, Jehs (EL4)
REFERENCE= CHEMe ENGe (NoYedy Po 137~139(SEP 1950).

DESCRIPTORS- ACIDIZATION: BACTERIA: EIOLCGICAL
EFFECTSS BIOLOGICAL FOULING: CASE HISTCRIESS
CHEMICAL COMPA TIBRILITY; CORRCSION; DEEF WELLSS
CISPOSAL FORMATICNS: ECONOMICS; FLOW RATES
INDUSTRIAL WASTE €3 INJECTION WELLSS LEGAL
ASPECTSS LIMESTGAES LIQUIC WASTESS CILFIELOD
BRINESY PLUGGING: POLLUTION REGULATIGNSS
SANDSTONE? SUS FENDED SOLIDS: UNDERGRGUND
DISPCSAL! WASTE CISPOSAL: WASTE WATERS WELL
STIMULATION,
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MC KELVEY 72
8R INE TREATMENT/SFENT FLUIC GISPCSAL

TITLE= UNDERGROUND SPACE-~AN UNAPFRAISED RESCURCE..

AUTHOR=- MC KELVEY, V.E. [GEOLOGICAL SURVEY,
WASHINGTON, DeCe (USA)I,

COOKs TeDe (ECS)

PEFERENCE= UNDERGROUNC WASTE MANAGEMENT AND
ENVIRONMENTAL IMPLICATIONS. AM, ASSCC. PET.
GEOLey TULSAy OKLAe, DEC 1972, MEMCIR 184 P,
1-5.

DESCRIPTORS= FECONOMIC3: LEGAL ASFPECTS: LIGUIC
WASTES: REGULATICNSS UNDERGRCUND DISFOSAL:
WASTE DISPOSAL. ' :

86

_ RASC IKE 65
BRINE TREATMENT/SFENT FLUIC OISPOSAL

TITLE~ LEY ENGINEER ING KNOW-HOW SCLVE SALT=PCLLUTION
PROBLEMS. ’ '

AUTHOR= RASCHKE, A¢3ISMITHy JeE«IWILLSy MeEs
[RAILROAD COMMISSION OF TEXAS (USA)]J.

REFERENCE= OIL GAS Jey Vo €3 (32)y Ps 75-79(AUG
) 1965).

DESCRIPTORS= ADDITIVES: BRINESS CHEMICAL ANALYSIS:
CHEMICAL COMPOSITION; GEOLOGYS INJECTICN
PRESSURE: INJECTION RATESS INJECTION WELLSS
OILFIELD BRINES; POLLUTION; FRESSURE BUILO-UPS
PRESSURE CECLIM { STRATIGRAPHY; TRACE AMCUNTS:
UNDERGROUND DISF(SALS WATER ANALYSISS WELL
DATAS WELL INTERFERENCES WELL LOGGING.

87

REIC 74
BRINE TREATMENT/SPENY FLUID CISPOSAL

TITLE- BRINE DISPCSAL TREATMENT PRACTICES RELAfING
TO THE OIL PROCUCTION INDUSTRY,
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AUTHOR= RZIDy GeWe3STREEBIN, LeE+3CANTER,
LeNedSMITHy Jere (OKLAHOMA UMIV. RESEARCH
INST.s» NORMAN (USA)],

REFERENCE~ BRINZ LISFOSAL TREATMENT PRACTICES
RELATING TO THE CIL PRODUCTICN INDUSTRY.
EPA=660/2-74=-037, ENVIRONMENTAL PROTECTICN
AGENCY, WASHINGTCONs DeCes MAY 1974, 275 Feo

DESCRIPTORS= BRINE TREATMENTS BRINESS CORROSICN3
CORRCSION INHIBITORS: ECONCMICS: EVAPORATICN
PONDS: INJECTICN WELLS: OILFIELD BRINES?S
PIPELINESS PLUGCING? REGULATICNSS SCALINGS
SCALING CONTFGLS$ SURFACE EQUIPMENTS UNCERGROUND
DISPOSAL: WASTE CISPOSAL® WELL COMPLETICN.

88

SELM 60
BRINE TREATMENT/SPENT FLUIC DISPCSAL

TITLE- DELP W-LL DISFOSAL OF INDUSTRIAL WASTES.
AUTHOR= SELMy ReFe3HULSE, BeTs

REFERENCE= CHiiMs ENGe PROGesy Vo 56 (5)y P,
~138=3144 (HAY 19c0)., '

DESCRIPTORS~ BACTERIAY BIOLOGICAL FCULINGS CHEMICAL
COMPATIBILITY: DEEP WelLLS5 ECCNOMICSS FLCW
RATES INDUSTRIAL WASTESS LEGAL ASPECTSS
OILFIELD BRINESS PLUGGING3 PRE=INJECTICN
TREATMENT; SUSFENDED SCLIDSs UNCERGROUNC
DISPOSAL: WASTE OISPOSALS WELL OESIGN.,

89

SHANNON 75

BRINE TREATMENT/SFENT FLUIC CISPOSAL
' BRINE TREATMENT/SCALINC

BRINE TREATMENT/CCRROSION

TITLE- ECONOMIC IMPAC1 OF CORROSIGCN AND SCALING
PROBLEMS IN GECTHERMAL ENERGY SYSTEMS.

AUTHOR=  SHANNONs CeW. [(BATTELLE PACIFIC NCRTHWEST
LABSs s RICHLAND, WASHe (USA),
AC=9 530 0221,

REFERENCE- ECONOMIC IMPACT OF CORFOSION AND SCALING
PROBLEMS IN GECTHERMAL ENERGY SYSTENMS.
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B8NWL=-1866y UC-4y BATTELLE PACIFIC NORTHKEST
LABSsy RICHLANCy WASH.ys JAN 19675, 115 Peoe

DESCRIPTORS~- AQUIFEKS3 ARTIFICIAL RECHARGES

‘ BACTERIA: CARBONATES?: CHEMICAL REACTIONS: BRINE
TREATMENT® CHLORIDESS CORROSIGN: CGORRCSICN

- PROTECTIONY CORRCSION RESISTANT ALLCYS?3

CORROSIVE EFFECTSS DEEP WELLS3 ODESALINATIONS
ECONCMICS: FILTRATIONS ELECTROCHEMICAL
CORROSIONS GEOTHERMAL BRINESS GEOTHERMAL
ENERGY; GEOTHERMAL FLUIDSS GECTHERMAL HWELLSS
INJECTION PRESSURE?Y INJECTION WELLS: IRCN
OXIDEST PERMIA3SILITYY PH VALUES PITTING
CORROSIONS: PLUGGING? PRECIPITATIONS
PRE«INJECTION TREATMENTS SCALINGS SCRUEBERSS
SILICA MINERALS3 STEAM SCRUBEERSS STEAY
SEPARATORS: STRE S CORROSION: SURFACE
EQUIPMENT Y SUSFENDED SOLIDS: TUREINE BLACDES3
UNDERGROUND OISF(SAL? WASTE WATERS WATER
CHEMISTRY., :

9¢

SHELCRICK 69
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE=- DEEP-HELL DISP{SAL--ARE SAFEGUARDS BEING
IGNORED . :

AUTHOR=- SHELDRICK,s MeGe (EDC,)

REFERENCE= CHEM, EZNGe (NeYs)y Po 74=-78(APR 7, 1969),

DESCRIPTORS= CASE HISTORIESS DEEP WELLSS DISFCSAL
FORMATIONSY ZNVIRONMEMTAL cFFECTS; FAILURESS
GEOLCGY: GROUNL ¥ATERS HYDROLCGY: INJECTION
PRESSURE: INJECTION WELLS? LEGAL ASPECTSS
LIQUID WASTESS MCNITORINGS FCLLUTIONS

REGULATIONSS SAFETY:; SEDIMENTARY ROCKS3
SEISMOLOGYS UNCERGROUND DISPCSALS WASTE

91

SLAGLE 6¢
BRINE TREATMENT/SFENT FLUILC CISPOSAL

TITLE- OIL FIZLDS YIELD NEW DEEP-WELL DISFOSAL
' TECHNIQUE 4

AUTHOR= SLAGLE s KeAs 3STOGNER,y JoMe [(HALLIBURTON
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SERVICES, DIVe GF HALLIBURTCN CO.s DUNCAN,
OKLA., (USA)].

REFERENCE= WATER AN{ SEWAGE WORKS, Ve 116 (€E), P,
238244 (1969) .,

DESCRIPTORS~- ACIDIZATION: BACTERIA: BIOLOGICAL
FOULINGS CASE HISTORIES: CHEMICAL
COMPATIBILITYS CLAY MINERALSS CGRRGSICN3
CORROSION RESISTANT ALLOYS? CEEP WELLSS
DISPCSAL FORMATICNSS DOLOMITE ROCKS3 HYCRAULIC
FRACTURING: INJECTION PRESSURES INJECTICN
RATESS INJECTION WELLSS? LEGAL ASPECYSS
LIMESTONES LIQUIL WASTES: MCNITORING: CILFIELD
BRINESS PERMZABILITYS POROSITYS RADICACTIVE
WASTESS SANDS SANDSTONESY SHALES SURFACE
EQUIPMENTS UNDERCGROUNG DISFOGSALS WASTE
DISPOSAL? WATER FOLLUTIONS WELL CASINGSS WELL
CEMENTINGS WELL COMPLETIONS VFELL DESIGN,

92

SMITH 76
BRINE TREATMENT/SFENT FLUIC -DISPOSAL

TITLE- INJECTION=PUMF STUDY CAN CUT COSTS.

AUTHOR= SMITH, ReSe [WORLEY ENCINﬁEFING LT0s+» LONDON
(UK} 1.

REFSRENCE= OIL CAS Jey Ve 74 (8), Fo 99-102(FEB
1976) .

DESCRIPTORS~- CORROSICN: DEEP WFLLS? ECONOMICSs FLCW
RATES INJECTION FRESSURES INJECTION RATESS
INJECTION WELLS? LIQUID WASTES] RESERVCIK
ENGINEERINGS RESTRVOIR PROPERTIES: SURFACE
EQUIPMENT? UNDERCROUND DISPCSAL? WASTE
DISPOSALS WELL CESIGN,

g3

TALBOT €4
BRINE TREATMENT/SPENT FLUIC OISPOSAL

TITLE- THE DEFF WELL METHOD OF INCULSTRIAL KASTE
DISPCSAL.

AUTHOR= TALBOT, J+S. [DOWELL SLUMEERGER, PARIS
(FRANCE )], '
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BE ARDON, Pe (DOW INDUSTRIAL SERVICE,
MIDLAND, MICH. (USA)}. .

REFERENCE~ CHEMe ENGe PROGey Vo 60 (1)y Pe 43=-52(JAN

DESCRI

TITLE=-

AUTHOR

REFERE

DESCRI

TITLE-

1964) .

PTGRS= ACIDIZATION: AQUICLUCES: BIOLCGICAL
EFFECTSS FRE-INJECTION TREATMENTS CCRRCSIONS
CORROSION RESISTANT ALLOYS? CEEP WELLSS
DISPOSAL FORMTICNS: ECONOMICSSY FILTRATICN:
FLOCCULATIONS FLCW RATES GEOLC6Y; GROUNC WATERS
HYDRAULIC FRACTU FINGS HYDFROLGCGYS INDUSTRIAL
WASTSSs INJECTIGN PRESSURES INJECTICN RATESS
INJECTION WELLSS LEGAL ASPFECTSS LIMESTCNES
LIQUID WASTESS CILFIELD 3RINES] PERMEABILITYS
PLUGGINGS: POLLUTIONS POLLUTICN LAWS? PCRCSITY:
RESERVOIR PROPERTIESS? SANDSTCNES SEDIMENTATIONS
SURFACE <QUIPMENT; SUSPENDED SOLIDSS
UNDERGROUND OISFOSALS: WASTE CISPOSALS WELL
CEMENTINGS Wolt CESIGNS WELL CRILLINGS WELL
LOGGINGS CALLFCRNIAS COLORADCS INDIANAS IOWAS
KANSAS; LOUISIANAY MICHIGANS: NeW MEXICG:
OKLAHOMA: PENNSYLVANIA.

94

‘ CIL CGAS J. 76
BRINE TREATMENT/SPENT FLUIC OISPOSAL

NEW TEXAS H2S RULE COVERS MANY FIELD
OPERATIONS,

- O0IL GAS J.

NCE= OIL GAS Jes» Ve 74 i16)9 Pe 60=62(AFR
1976) .,

PTORS= DEEP WELLS: FLOW RATE3 HYDROGEN
SULFIDES? INJECTION WELLS? PCLLUTIONS FCLLUTICN

LAWSS REGULATICASS SURFACE EQUIPMENTS WELL
DRILLING: TEXAS,

95

TRELEASE 72
3RINE TREATMENT /SPENT FLUIC CISPGOSAL

LIABILITY FOF HARM FROM UNCERGROUND WASTE
DISPOSAL.
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AUTHOR= TRELEASE, Fede [WYOMING UNIVe, LARAMIE
COOKy TeDe (ECS?

REFERENCE= UNDERGROUNC WASTE MANAGEMENT ANC
ENVIRONMENTAL [FPLICATIONS. AM. ASSCCe FET.
GEOL.s TULSA, OKLA.s DEC 1972, MEMCIR 18, P,

369=375,

DESCRIPTORS= FNVIRONMENTAL EFFECTS: GROUND WATERS
LEGAL ASPECTS: FCLLUTION: POLLUTION
REGULATIONSS UNGERGROUND DISPCSAL3 WASTE
DISPGSAL,

96

1 UNCERHILL 76
3R INE TREATMENT/SFENT FLUIC DISPOSAL

TITLE- 3RINE DISPOSAL, CHAPTER VIII.

AUTHOR= UNDERHILLs GaKoeSCARLSONy ReA+3ICLENDINNING,
WelAe $ERDOSy Jo3GAULTy Je2HALLy JoWe3JONES,
Reloe tMICHASL Y F Ko tPOWELL Yy PoHe IRIEMANN,
CaFetRIOS=CASTELLON,y Ls3SHEPHERDy B+FeSWILSON,
JeSe (£DSe)

REFERENCE= PROCEEQINCGES==-SECOND GECFRESSURED :
GEOTHERMAL ENERGY CONFERENCE, VOL. IVe SURFACE
TECHNOLOGY AND RZSOURCF UTILIZATION. TEXAS
UNIVes CINTER FCR ENERGY STULIES,y AUSTIN, TEXe,
FEB 1976, Ve ‘b, Pe 183-191,

DESCRIPTORS= AQUIFERSS BRINESS CCFRROSIONS CCRROSICN
INHIBITORSY OEEF WELLS: DISFGCSAL FCRMATIONSS
ECONOMICSs ENVIRCNMENTAL EFFECTSS GECLCGYS
GEOTHERMAL BRINESS GEOTHERMAL FLUIDSS INJECTION
PRESSURES: INJECTION RATESS INJECTICN WELLSS
OILFIELD BRINES: PERMEABILITYS: PH ADJUSTMENTS
POROSITY: RESERVCIR ENGINEERINGS SURFACE
EQUIPMENTS SUSFENDED SOLIDS: THERMAL PCLLUTIONS
UNDERGROUND DISFCSALS WASTE CISPCSAL: KELL
DATA? WELL DESICh.

97

WARNER 65
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- DEEP=-WELL DISFGSAL OF INDUSTRIAL WASTES.
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AUTHOR- WARNER, DeL. (ROBERT A. TAFT SANITARY
ENGINEERING CENTER, CINCINNATI, OHIO (USA)1],

REFERENCE= CHEM, ENGs (NeYe)y Po 73=78(JAN 4, 1965),

DESCRIPTORS- AQUIFERS: AREAL EXTENT; BIGLGCGICAL
FOULINGS CHEMICAL REACTIONS3 CHEMICAL
COMPATIBILITY; CCRROSION; DEEP WELLSS CISPOSAL
FORMATIONS: DOLCMITE ROCKS: ECCNCMICS:
FEASIBILITY STUCIESS FLOW RATE; GEOLGCGYS
INDUSTRIAL WASTESS INJECTION FRESSURES
INJECTION RATESs INJECTION WELLS3 LEGAL
ASPECTSS LIMESTGME? MONITORINGS OILFIELC
BRINES: PERMEABILITYS PLUGGING; POLLUTICN
REGULATIONSS PCRCSITYs PRECIFITATIONS
PRE=-INJECTION TREATMENTS REGULATIONSS RESERVCIR
PROPERTIZS? SANDSTONES SHALES UNDERGROUND
DISPOSAL: WASTE U[ISPOSALY WELL CASINGSS WELL
CEMENTINGS WELL CRILLING? WELL STIMULATICN.

98

WARNER 66
BRINE TREATMENT/SFENT FLUIC CISPOSAL

“TITLE- DEEP WITLL WASTE INJECTION--F”ACTION WITH
AQUIFER WATER.

AUTHOR= WARNER, DelLs (FEDERAL WATER POLLUTION
CONTAOL ADMINISTRATION, CINCINNATI, CHIC (USA).,
WATER RESEARCH LABed.

REFZRENCE= Jo SANIT. £HGe DIVey AP, SOCe CIVe ENGaeo
Ve 92 (SA (), Po 45-69(AUG 196€) .

DESCRIPTORS- AQUIFERS: CHEMICAL APMALYSIS; CHEMICAL
' COMPATIBILITYS CHEMICAL REACTIONS: DEEF WELLSS
ECONCMICSS HYDRGOYNAMIC OISFERSION; INJECTION
WELLSS LIQUIL WASTESS MEASURING INSTRUMENTSS
MEASURING MZTHCLS3 PERMEABILITY; PLUGGINGS
POROUS MZDIAS FRECIPITATION?! RADIUS GF
INFLUENCI Y RESERVOIR PROPERTIESS SANCSTCNES
THEORETICAL TREATMENTS: UNDERGROUND DISFCSAL:S
WASTE DISPOSAL.

99

WATKINS 54
SRINE TREATMENT/SFENT FLUIC DISPOSAL
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TITLE- ANALYTICAL METHODS OF TESTING WATERS TO BE
INJECTED INTC SLESURFACE OIL-PRODUCTIVE STRATA,

AUTHOR= WATKINS, J.W. (BUREAU OF MINES,
BARTLESVILLE, CkiAs (USA)1.

REFERENCE= ANALYTICAL METHODS OF TESTING WATERS TO
BE INJECTED INTC SUBSURFACE CIL-PROCUCTIVE
STRATA. REPCRT CF INVESTIGATIONS 5031, UNITED
STATES DEFPARTMENT OF THE INTERIOR, BUREAU OF
MINES, FEB 19%4, 29 P..

DESCRIPTORS~ CFEMICAL ANALYSISS CHEMICAL
COMFOSITIONS CHEMICAL REACTICNSS CCRROSICNS
DEEP WELLS? DISFGCSAL FORMATICNS; FLCW RATES

ELECTROCHEMICAL CORROSIONS INJECTION RATES:
INJECTION WELLST MEASURING INSTRUMENTSS
MEASURING METHCOS? OILFIELD BRINESS CGIL WELLSS
PH VALUE: PLUGGIMNG: PRE-INJECTION TREATMENTS
UNDERGROUND OISFOSALS WASTE CISPOSALT KANSASS
OKLAHOMAS TEXAS. '

106

WILSON 76
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- A STUDY OF A FHASE *0" FLAN FOR THE
PRODUCTION OF ELECTRICAL POWER FROM UsSes GULF
COAST GEOPRESSURED GEOTHERMAL WATERS.

AUTHCR=  WILSONy JeSse3VMICHAELy HoeKe SSHEPHERDy BePe
{DOW CHEMICAL CCs (USA). TEXAS CIVel,.

DITZL"Ry CeCe STHOMAS, LoE. [DOW CHEMICAL CO.
{USA). OIL AND GAS DIV.],

BRADFORDy BeE+tSTEANSCNy, Re [DOW CHEMICAL
CO. (USA)es DOWELL DIVel,

UNDERHILLy GeKoe3CARLSONy ReA3ICLENDINNING,
WeAos TERDNSy Joe3GAULT,y Jo3HALLY JoWe¢IMICKHAEL,
CeFoe SRIOCS=CASTELLON, LeSSHEPHERCy BsFe3IKILSCN,
JeSe (£0S%)

REFZRENCE~ PROCEELIM S==-SECOND GECPRESSUREC
GEOTHERMAL INEKRGY CONFERINCE. VOL. IVe SURFACE
TECHNOLOGY AND RESOQOURCE UTILIZATION. TEXAS .
UNIVes, CENTER FCR EMERGY STULIESy AUSTIN,; TEXe,
FEB 1976, APPENCIX By €9 Pso
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DESCRIPTORS= OEEP WELLS: OISPOSAL FORMATIGCNS?
ECONCMICSs FLOW RATE3 GEOLOGY3S HYDRAULIC
FRACTURING? INJECTION PRESSURE: INJECTICN
RATESS INJECTION WELLSS PERMEABILITYS
PIPELINESS PLUGGINGS POROSITY: SEDIMENTARY
ROCKS$ SILICA MINERALSS SURFACE EQUIPMENT;S
SUSPENDED SOLILSS TEMPERATURE LOGGING?
UNDERGROUND DISFCSAL: WASTE CISPCSAL: WELL
CASINGSS WELL CEMENTING: WELL COMPLETICNS MWELL
DESIGN] WELL ORILLINGS WELL LCGGINGS WELL
STIMULATION,

ic1

WOOC 74
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- USE OF UNDERGRCUND SPACE FOR WASTE STCRAGE .
THROUGH INJECTIGN WELLS.

AUTHOR= W0OOD,y LeAs (GEOLOGICAL SURVEY, RESTCN, VA.
{USA) ], :

DEJUs ReAe (ECe) [WRIGHT STATE UNIVes
DAYTON, OHIO (USA)e. DEPTe OF GEOLOGY).

REFERENCE~ EXTRACTICN OF MINERALS AND

: ENERGY=«TODAY*S CILEMMAS, ANN ARBOR SCIENCE
PUBLISHERS INCe.y ANN ARBOK, FICHey 1974y P,
193=202.

DESCRIPTORS~- BICLOGICAL FOULING: CHEMICAL REACTIONSS
DEEP WELLS: DISFOSAL FORMATICNSs ECCONOMICS:
ENVIRONMINTAL ZFFECTS? ENVIRONMENTAL PRCTECTION
AGENCYS GROUND WATER3 HYDROLCGYS INDUSTRIAL
WASTFES] INJECTICN WELLS: LEGAL ASPECTS:
OILFIELD BRINESS PERMEABILITYS PLUGGINGS
POLLUTIONS PRECIFITATIONS PRE-INJECTION
TREATMENT ¢ PRESSURE BUILDUP3 REGULATIONS%
SUSPENDED SOLIDSS UNOERGROUNC DISPOSAL3 WASTE
STORAGES WELL DESIGN.

g2

WATER WELL JCURNAL 65
3RINE TREATMENT/SPENT FLUIC OISPOSAL

TITLE- OPERATION DEEF WELL.
AUTHOR= WATER WELL J.
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REFERENCE= WATER WELL Jes Ve 19 (51, Ps 28=2G(MAY
1965y,

DESCRIPTORS= 2FINES; CEEP WELLS: ECCNOMICS: FLOW
RATES INDUSTRIAL WASTES? INJECTICN PRESSURES
INJECTION RATESS INJECTION WellS3 LIMESTCNES
LIQUID WASTESS RARIUS OF INFLUENCZ! SURFACE
EQUIPMENT S UNDERCROUND DISPOSALS WASTE
DISPCSAL: WELL ({ESIGN3 PENNSYLVANIA,

123

EAFFA 70
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- INJECTION NtLL EXPERIENCE AT RIVERFEACY NeYeo

" AUTHOR= BAFFA, Jede [JOHN Jo BAFFA CONSULTING
ENGINEERSy NEW YORKy NoYs (USA)1.

REFERENCE= Je¢ AMo WATER WORKS ASSOCes Ve 62 (1), P
41-46(JAN 1970). )

DESCRIPTORS- ARTIFICIAL RECHARGES EXFERIMENTAL
RESULTS? FLOW RATE? GRAVEL PACKINGS GRCUND
WATEFS HYDRAULICSS INJECTION RATESS INJECTION
WELLSS MEASURING INSTRUMENTS: MEASURING
MFETHODS? DBSZRVATION WELLSS FLUGGINGS WASTE
WATERS WELL ODOESIGNS NEW YORK.,

104

BARRACLOUGH 66
BRINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- WASTE INJECTICN INTO A CEEF LIMESTONE IN
NORTHWESTERN FLCRIDA, ’

AUTHOR=- BARRACLCUGH,y JeTe (GEOLOGICAL SURVEY, ICAHO
FALLS,y IDAHO (USA)]}.

REFERZINCE= GROUND WATER, Vo & (1), P, 22=24(1966),

DESCRIPTORS~ AQUICLUGESS AQUIFERSS CASE HISTCRIES}S
CHEMICAL ANALYSISS CLAY MINERALSS DEEFP WELLSS
FLOW RATZ: GEOLCGY; HYDRAULICS: HYDRGOLCGYS
INDUSTRIAL WASTES3 INJECTION PRESSURES
INJECTION RATESS INJECTION WELLS3 LIMESTCONES
LIQUID WASTESS MCNITORING: OESERVATION WELLSS
SHALES STRATIGRAFHYS SUSPENDED SOLIODSS
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UNDFRGROUND DISFOSAL3 WASTE DISPOSALS FLGRIDA}
.ALABAMA, ’

165

EERGSTROM 688
SRINE TREATMENT/SFENT FLUIC CISPCOSAL

TITLE- ?EASIBILITY CRITERIA FOR SUBSURFACE WASTE
DISPGSAL IN ILLINOIS.

AUTHOR= BECRGSTROMs ReZe [ILLINOIS STATE GEOLCGICAL
SURVEY, URBANA (USA)).

REFERENCE~ GROUND WATERs Ve & (5)y P, 5-9(1S68),

DESCRIPTORS~- ODEEP WEZLLS3 DISPOSAL FORMATIONSS
ENVIRONMCNTAL EFFECTS? FEASIBILITY STUCIESS
GROUND WATERS HYOROGEOLOGYY INDUSTRIAL WASTES:
INJECTION PRESSURES INJECTION RATES?T INJECTION
WELLSS LZCGAL ASPECTSS LIQUIC WASTES;S :

- MONITORING; OBSERVATION WELLSs PERMEABILITYS
PLUGGINGS PRE~INJECTION TREATMENTS REGULATIONSS
SANDSTONES SHALES STRATIGRAPFY] LNDERGRCUND ‘
DISPOSAL: WASTE CISPOSAL; WELL OESIGN: wELL
LOGGINGS ILLINCISS ILLINOIS BASIN.

. 1t6

CAMELI 76
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- SEISMIC CONTRCL DQURING A REINJECTION
EXPERIMENT IN THRE VITERBO REGION (CENTRAL

ITALY).

AUTHOR=- CAMELI, GeM. [ENTE NAZIONALE PER L°*ENERGIA
ELETTRICA, PISA (ITALY). CENTRO DI RICERCA i

GEOTERMICAI,

CARABELLI, So (ISTITUTO C1 GEOFISICA
APPLICATA DEL PCLITECNICO DE MILANG (ITALY)),

REFERENCE= PROCEZLINCS~=-SCCOND UNITED NATICNS
SYMPOSIUM ON THE GEVELOPMENY ANC USE OF
GEOTHERMAL RES(URCES. LAWRENCE BERKELEY
LABOKATORY, UNIVERSITY OF CALIFORNIA, EERKELEY,
1976y Ve 2y Pe 1329=1334,
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DESCRIPTORS= ODEEP WELLS? DISPOSAL FORMATIONSS
EXPERIMENTAL RESULTS: FLOW RATE: GEGTHERMAL
FLUIDSS INJECTICN WELLSS MEASURING INSTRUMENTSS
MEASURING METHCCSS MONITORINGS SEISMCLCGYS

107

CUELLAR 76
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- BEHAVIOR OF SILICA IN GEOTHERMAL WASTE
WATERS.,

AUTHOR- CUELLARs Ge {CELy SAN SALVADOR (EL
SALVADOR) « LABORATORIO GEOQUIMICO}.

"REFERENCE~ PROCEE CINGS==SECOND UNITED NATICNS
SYMPOSIUM ON THE DEVELOPMENT ANC USE OF
GEOTHERMAL RESQURCESe LAWRENCE BERKELEY
LABORATORYy UNIVERSITY OF CALIFORNIA, EERKELEY,
19769 Ve 29 Po 1343=1347.

DESCRIPTORS= CFEMICAL ANALYSIS: CHEMICAL
COMPOSITIONS DEEF WELLSS DESALINATIONS
ECONOMICSS EVEPCRATION PONDS3 EXPERIMENTAL
RESULTSS FEASIBILITY STUDIESS FLOW RATE:
GEOTHERMAL BRINESS GEOTHERMAL FLUIDSS
GEOTHERMAL RESZRVOIRSS INJECTION PRESSURES
INJECTION NELLS LIQUID WASTES: MEASURING
INSTRUMENTS: MEA SURING METHOOS: MINERAL
RECOVERYS PEFMEAEILITY; PH ACJUSTMENTS
PRE=INJECTION TREATMENT: SCALING; SILICA
MINERALS? SURFACE EQUIPMENTS UNDERGROUND
DISPOSALS WASTE CISPOSAL: WASTE WATER!
AHUACHAPAN GEOTHZRMAL FIELD: EL SALVADGR,

108

EINARSSON 76
8RINZ TREATMEBT/‘PENT FLUIC DISPOSAL

TITLE- DISPOSAL OF GEOTHERMAL WASTE WATER @Y
REINJECTION,

AUTHOR= EINARSSONy Se3. [OTC,y UNITED NATION..
MANAGUA (NICARAGUA)1,

VIDES, AeRe3CUELLARy G, [CCMISION EJECUTIVA

HIOROELECTRICA CEL RIO LEMPA, SAN SALVADOR (EL
SALVADOR) 1.
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REFERENCE= PROCEEDINGS==SECOND UNITED NATICNS
SYMPOSIUM ON TH:L DEVELOPMENT AND USE COF
GEOTHERMAL RESCURCES. LAWRENCE BERKELEY
LABORATORY, UNJIVERSITY GF CALIFORNIA, EERKELEY,
1976y Ve 29 Ps 1349-1363, '

DESCRIPTORS~- AQUIFERS: CHEMICAL ANALYSIS: CEEF
WELLS? OSSALINATION: ECONOMICSS EXPERINMENTAL
RESULTSS FEASIBILITY STUDIESS FLOW RATES
GEOTHERMAL BRINE S? GEOTHERMAL FLUIDS:
GEOTHERMAL WELLSY INJECTICON RATESS INJECTION
WELLSS LIQUIC WASTESS MCNITORINGS OBSERVATION
WELLSS PERMEABILITYS PIPELINESS POLLUTICNS
PRESSURE EUILDUFS RESERVOIR FROPERTIESS
SCALING? SILICA MINERALSS SURFACE EQUIPMENTS
TEMPEZRATURE LOGGINGS TRACE AMCUNTS: UNDERGROUND
DISPOSALS WASTE CISPOSALS WASTE WATER3 WELL
DESIGN: AHUACHAFAN GEOTHERMAL FIELOS EL
SALVAOOR: ELFMENITS,

169

¢CCLSBY 71
BRINE TREATMENT/SPENT FLUID DISPOSAL

TITLE- HYDROGEGCHEM ICAL EFFECTS OF INJECTING WASTES
INTO A LIMESTONE AQUIFER NEAR PENSACGLA,
FLORIDA.

AUTHOR- GOOLSBY, DsA. (GEOLOGICAL SURVEY, OCALA,
FLA. (USA)]. :

REFERENCE= GROUND WATERy Ve 9 (1)y Pe 13-19(1S71).

DESCRIPTGRS=- AQUICLUGES: AQUIFERS$ CHEMICAL
ANALYSIS: CHEMICAL COMPOSITION: CHEMICAL
REACTIONSS DEEF WELLSS DISPOSAL FORMATICNSS
EXPERIMENTAL RESULTSS FLOW RATES GECCHEMISTRYS
GEOLOGY: HYDRAULICS: HYDROGEQOLOGY: INOUSTRIAL
WASTESS INJECTIGN PRESSUREST INJECTION RATESS
INJECTION WELLSS LIMESTONES LIQUID WASTESS
MONITORING: OBSEFVATION WELLSS PH ADJUSTMENT;S
PH VALUES RADIUS OF INFLUENCES STRATIGRAPHYS
TRANSMISSIVITYS: UNDERGROUND DISFOSAL3 KASTE
DISPOSAL: WELL CESIGN: WELL INTERFERENCES WELL
LOGGING: WELL STIMULATIONS FLCRIDA.

110

KUNDLEY 63
3RINE TREATMENT/SPENT FLUIC DISPOSAL
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TITLE- DEEP WILL DISFCSAL.

AUTHOR=  HUNDLEYy Coele {FMCy NEWPORT, IND. (LSA),
CENTRAL ¢ MNGINEERING DEPARTMENTI.

MATULIS, JeTe [FMC, NEWPOST, IND. (LSA),
CHEMICAL CORPS FACILITYl.

REFERENCE= GROUND WATERs Ve 1 (2)y Pe 15-17,
33(1963).,

DESCRIPTORS= CASt HISTORIESS CHEMICAL COMPATIBILITY;
CORROSION PRCTECTIONS: DEFP WELLSS DISPCsAL
FORMATIONS: SCCNCMICS: GEGLGCGY; INJECTICN
PRESSURE? INJECTION RATESS INJECTION WELLSS
LIQUID WASTESY FIRMEABILITYS PH ADJUSTMENTS
PORGSITY?: PRE=-INJUCTION TREATMENT? SANCSTONES
STRATIGRAPHYS SUBSURFACE RESERVCIRSS SURFACE
EQUIPMENTS UNDERGROUND DISPOSALS WASTE
DISPOSALS WELL CEMENTINGS WELL COMPLETICNS WELL
DESIGNS WELL ORILLINGS  WELL LCGGINGS INCIANA.

111

KUBOTA 7€
SRINE TREATMENT/SPFENT FLUIC CISPOSAL

TITLE- REINJECTION CF GEOTHERMAL KCT WATER AT THE
OTAKE GEOTHERMAL FIELD.

AUTHOR= KUBOTA, Ke3ACSAKI, Ke [KYUSHU ELECTRIC POWER
COev INCuy FUKUCKA (JAPAN)s RESEARCH DEFT.)e

REFERENCE~ PROCEZCINGE~=SECOND UNITEDC NATIONS
SYMPOSIUM ON ThHt DEVELOPMENT ANC USE OF
GEOTHERMAL RESOURCES. LAWREPMCE BERKELEY
LABGFATORY, UNIVERSITY OF CALIFCRNIA, EERKELEY,
19769 Ve 2y Pe 1379-1383. .

DESCRIPTORS- CASE HISTORIES: OEEP WELLS: DISFOSAL
FORMATIONSS FLOW RATE; GEOLOGY; GEOTHERMAL
BRINESS GEOTHERMAL FIELOS} GEOTHERMAL FLUIDSS
GEOTHERMAL RESSRVOIRS: INJECTION PRESSURES
INJECTION WELLSS SCALING3 SEISMOLOGYS SILICA -
MINEFALS: UNDCERGROUND DISPOSAL; WASTE CISPOSALS
WELL CASINGS: WELL DESIGN: OTAKE GEGTHERMAL
FIELDS JAPAN.
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: MARSH 68
8RINE TREATMENT/SFENT FLUIC ODISPOSAL

TITLE- DESIGN OF WASTE DISPOSAL WELLSe

- AUTHOR = ﬁARSH, JatHe [UOP JOHNSON DIVISIONs SAINT
PAUL, MINN. (USA)1,

REFERENCE- GROUND WATERy Ve 6 (2)y Pos 4=8(1568),

DESCRIPTORS~ ACIDIZATION: AQUICLULESS CASE
HISTCRIESS CHEMICAL ANALYSIS:? CLAY MINERALSS
CORROSIOMS CORRCSION INHIBITCRSS CORRCOSICN
PROTECTION: CORRCSION PESISTANT ALLCYS$ CEEP
WELLSS ECCNOMICS: GRAVEL PACKINGS INODUSTRIAL
WASTESS INJECTICN WELLSS? LIQUID WASTESS
PLUGGINGs SAMDs SAND CONTROLS SUSPENCEC SOLICS:
UNDERGROUND DISFOSALS WASTE DISPOSAL: WELL
CASINGS: WELL CEMENTINGS WELL COMPLETICNS WELL
DESIGNS WELL LOGGINGS WELL SCREENSS PH
ADJUSTMENTY, - :

113

ANGING 70
BRINE TREATMENT/SPENT FLUIC GISPCOSAL

TITLE- SELECTIVE ELEMENT RECOVERY FRCM CIL FIELD
BRINES,

AUTHOR= ANGINO, Ee.Ee [KANSAS UNIV., LAWRENCE (USA)1.

REFERENCE= WATER RESGURe RESey Vo 6 (5), P,
15C1-1504(0CT 193i0).

DESCRIPTORS= BRINE TREATMENT: BRIMES: CHEMICAL

COMPOSITION: CHEFMICAL REACTICNSS OESALINATIONS
ECONOMICSS MINERAL RECOVERYS CILFIELD BRINES.

114

GARCIA-EENGCCHEA 70
8RINE TREATMENT/SPENT FLUILC CISPCSAL

TITLE- DEZP WELL DISFCSAL OF WASTE WATERS IN SALINE
AQUIFERS CF SOUTF FLORIDA.
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AUTHOR=- GARCIA=BENGCCHEA, JeI. {BLACK, CROW AND
EIDSNESSy INC.y GAINESVILLEs FLA. (USA)).

VERNON, Re0es {GEOLOGICAL SURVEY,
TALLAMASSEE, FLAs (USA). BOARD OF CCNSERVATION).

REFERENCE= WATER RESCUR. RESey Ve 6 (5)4 P,
1464-1470(0CT 1670).,

DESCRIPTORS~- AQUIFERSS CHEMICAL C(MPOSITION: CEEP
WELLSS DISPOSAL FORMATIONSS ODOGLCMITE RCCKSS
HYDROGEOLOGYS INDUSTRIAL WASTESS INJECTICN
PRESSURES INJECTION RATESS IMJECTION WELLS:
LIMESTONES MONITCRINGS OBSERVATION WELLSS
OILFIELD BFINESS SALINE AQUIFERSS UNDERGROUND
DISPOSAL: WASTE CISPOSAL: WASTE WATERS WELL
CASINGSS WELL COMPLETIONS WELL DESIGN3 FLORIDA.

115

: JAVANDEL 6¢
SRINE TREATMENT/SFENY FLUIC CISPOSAL

TITLE- A METHOD OF ANALYZING TRANSIENT FLUIGC FLCW IN
MULTILAY3RED AQUIFERS.

AUTHOR= JAVANDEL, T, [PAHLAVI UNIvVve, SHIRAZ (IRAN)],

WITHERSPOONs PsAs [CALIFORNIA UNIVe,
BERKELEY (USA)l.

REFERENCE= WATEP RESCURs RESes Vo 5 (4), P,
856=869 (AUG 19€6¢),

DESCRIPTORS- AQUIFFRS: AQUITARDS: FLOW RATES

HYDROLOGY$ MATHE PMATICAL MODELSy PERMEABILITY:
THEORETICAL TREAIMENTS,

1186

NEUMAN 6¢
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE=- THIORY OF FLCK IN A CCNFINED TWO AGUIFER
SYSTEM,

AUTHOR= NTUMAN, SeP.3?*ITHERSPOON, FoAs, {CALIFCRNIA
UNIVa.s BERKELFY (USA)].

REFEPENCE=- WATER RESGURs RESes Ve & (k)y P,
803-816(AUG 196S).
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DESCRIPTORS= AQUIFERSS AQUITARDSS FLOW RATE;S
HYDROLOGYS MATHZ FMATICAL MODELSS PERMEMEBILITYS
THEORETICAL TREZTMENTS,

117

: NEUMAN 698
BRINE TREATMENT/SPENT FLUID CISPOSAL

TITLE=- APPLICABILITY CF CURRENYT THEORIES CF FLOW IN
LEAKY AQUIFERS.

AUTHOR= NEUMAN, S+Ps WITHERSPOON, FeAs (CALIFORNIA
UNIV., BERKELEY (USA)].

REFERENCE- WATERP RESCURe RESey Ve 5 (4)y Po -
817-829 (AUG 196¢). ’

DESCRIPTORS= AQUIFERS? AQUITARDS: HYDROLOGY;S
MATHEMATICAL MOCELSS PERMEABILITYS THECRETICAL
TREATMENTS.,

118

- FIERCE 70
B8RINE TREATMENT/SPENT FLUIC CISPCSAL

TITLE- REDUCING LANC SUBSIDENCE IN THE WILMINGTON
OIL FIELD BY USE OF SALINE WATERS.

AUTHOR= PIERCEy RelL. (DEPT, OF CIL PRCPERTIES, LONG
BEACH, CALIF. (USA)]. :

REFERENCE~ WATER RE SCURe RES.s Ve € (5}, P
1505-1514 (CCT 1¢7G).,

DESCRIPTORS- BACTZRIAS CHEMICAL CCMPATIBILITY: BRINE
TREATMENTS CORFGSIONS CORROSION INHIBITCESS
ECONOMICS ¢ ENVIRCNMENTAL EFFECTSS FILTRATIONS
GRAVEL PACKING: GROUND SUBSILCEMCES INJECTION
RATESS INJECTICN WELLSS MEASURING METHOCSS
MONITORINGS -OILFIELD BRINESS CIL WELLSS FH
ADJUSTMENT: PLUGGING: PRECIPITATION: RESERVOIR
PROPERTIZISS SCALINGS SCALING CONTROL?S
UNDERGROUNO DISF(SAL3 WASTE CISPOSALS WASTE
WATERS WELL CASINGS: WELL CEMENTINGS WELL
DESIGN; WELL LO(GINGY CALIFORNIA.
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REBHUN 68
SBRINE TREATMENT/SPENT FLUIC CISPCSAL

TITLE=- CLOGGING ANLC CGNTAMINATION PROCESSES 1IN
RECHARGE WELLS.

AUTHOR= REBHUN, M, [TECHNION=-ISRAEL INST., OF TECH.,
HAIFAY.

SCHWASZ, Je [WATLR PLANNING FGR ISRAEL LTC.
(TAHAL) y TEL AVIV).

REFERENCE- WATER RES(UR. RfSey Ve & (b)y Fo
1207-1217(0EC 1S68).

DCESCRIPTORS~- AQUIFERSS BACTERIAY BICLOGICAL FOULINGS

- CHEMICAL CCMPOSITIONS BRINE TREATMENTS OEEP
WELLS? DOLOMITEZ ROCKSs EXPERIMENTAL RESULTSS
GROUND WATERS HYCRAULICS: INJECTION RAYES:
INJECTION WELLSS LIMESTONES MEASURING
INSTRUMEMTSS MEASURING METHOLSS PLUGGINGS
SANDSTONE S SUSFENDED SOLIDSS WATER GUALITY:
WELL CASINGSS WELL DESIGNS ISRAEL.

12¢

SHAMIR 67
ERINE TREATMENT/SPFENT FLUIC CISPOSAL

TITLE= NUMERICAL SCLUTIONS FOR DISFERSION IN POROUS
MEDIUMS »

AUTHOR= SHAMIRy UeYes3HARLEMAN, DsReFs (MASSACHUSETTS
INST. OF TeCHey CAMBRIDGE, (USA)se HYCRCODYNAMICS
LAB. 1,

REFERENCE= WATER RESCURe RESes Ve 3 (2), Pa
557-581 (1 ¢67).

DESCRIPTORS- CASE HISTORIES; CCMPUTER CALCULATIONS:
DEEP WELLS: FLOW RATES GROUNL WATERS.
HYOROOYNAMIC D ISPERSIONY INJECTION KWELLSS®
MATHEMATICAL MCCELSS? POLLUTICNS POROUS MEDIAS
THEGRETICAL TREATMENTS.
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WARNER 70
BRINE TREATMENT/SFENT FLUIC DISPOSAL

TITLE- REGULATORY ASPECTS OF LIQUID MASTE INJECTICN
INTO SALINE AQUIFERS.

AUTHOR= WARNER, DeLs (MISSCURI UNIVe, ROLLA {(USA) ],

REFERENCE= WAYER RESCURe. RESey Ve & (5), P,
1458-1463¢CCT 167C).

DESCRIPTORS=- CHEMICAL COMPATIBILITY; CORROSICNS ODEEP
WELLS: ECONOMICSs FEASIBILITY STUDIES:
FILTRATIONS GEOLCGYS HYDROGECLOGYS INDUSTRIAL
WASTES? INJECTICN PRESSURES INJECTIGN RATESS
INJECTION WELLS: LIQUID WASTES; MONITORINGS
PRE=-INJECTION TREATMENT? RADICACTIVE "WASTESS
REGULATIONSS SALINE AQUIFERSS SEDIMENTATIONS
SUBSURFACE RESZRVOIRS: SURFACE EQUIPMENTS; WELL
CASINGS'S WELL CEPENTINGS WELL COMPLETICNS WELL
DESIGNS WELL LCGGINGS WELL OFEFATION.
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MAHON 6€
BRINE TREATMENT/SCALING

TITLE- SILICA IN HOT WATER DISCHARGED FROM
' DRILLHOLES AT WAIRAKEI, NEW ZEALAND.

AUTHOR=  MAHOM, WeAseJe [DEPARTMENT CF SCIENTIFIC ANC
INDUSTRIAL RESEARCHs (NEW ZEALAND). CHEMISTRY
DIV.l. '

REFERENCE= NeZeJdo SCIlesy Ve 9y Pe 135-244(MAR 1966).

DESCRIPTORS~- CHEMICAL ANALYSIS? CCNCENTRATICN
DEPENDENCEY DEEF WELLSY GEOTHERMAL FIELESS
GEOTHERMAL WELLS: MEASURING INSTRUMENTS:
MEASURING METHGCSS MONITORINGS QUARTZS SILICA
MINERALSS SILICA SOLUBILITYS TEMPERATURE
CEPENDENCE: TEMPERATURE LOGGING: WELL KEAD
PRESSURES WAIRAKEI GEOTHERMAL FIESLOS NEW
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MARSH 7%
BRINE TREATMENT/SCALING

TITLE~- POLYMERIZATICN KINETICS ANC EQUILIBRIA OF
SILICIC ACID IM AQUEOUS SYSTEMS.

AUTHOR~ MARSH, AsRey III (DOW CHEMICAL COMPANY,
MARTINEZ, CALIF. (USA)).

KLEINy Go [CALIFORNIA UNIVey RICHMONC (USA).
SEA WATER CONVERESION LABORATORY1.

VERMEULENs Te [CALIFORNIA UNIV.s BERKELEY
(USA). DEPT, CF CHEMICAL ENGINEERING].

REFERENCE= POLYMERIZATION KINETICS AND EGUILIERIA OF
SILICIC ACID IN AQUEOUS SYSTEMSe MeSey
LBL=-4415, CALIFCRNIA UNIV.s LAWRENCE BERKELEY
LABey BERKELEY s CALIFey OCTe 1975, 172 Fes

DESCRIPTORS~" AMCRPHGUS SILICA3 AQUEOUS SCLUTICNS:
CARBONATES; CHEMICAL COMPOSITIONS CHEMICAL
REACTIONSS CONCENTRATION DEPENCENCES
EXPERIMENTAL RESULTSS FLOCCULATION; GECTHERMAL
BRINL S3 MEASURINC METHODSS PH VALUES PIPELINESS
POLYMERIZATIGNS PRESSURE DEFEMNDENCES QUARTZS
SCALE COMPCSITIGNS SCALING? SILICA MINERALSS
SILICA CHEMISTFY; SILICA SOLUBILITYs
SOLUBILITYS TEMFERATURE DEPENMNCENCES
THERMODYNAMICSS TIME ODEPENDENCE 3 TRICYMITES
JAPANS ITALY: MNEW ZEALAND, :

124

MOREY 62
BRINE TREATMENT/SCALING

TITLE~ THZ SOLUEILITY OF QUARTZ IN WATER IN THE
TEMPERATURE INTERVAL FROM 25 CEGREES TO 300
DEGREES Cs

AUTHOR= MOREY,; GoWe3FCURNIERy ReGo3ROKE,y Jodoe
[GEOLOGICAL SURVEY, WASHINGTCN, D.Cs (USA)].

REFERENCE=~ GEOCHIM, COSMOCHIMs ACTAy, Ve 26y Fo
i029-1{043€1962) .

DESCRIPTORS= AGUEQOUS SOLUTIONS: CCNCENTRATICN
DEPENDENCES EXPERIMENTAL RESULTS; MEASURING
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INSTRUMENTSS MEASURING METHOOUSS QUARTZS SILICA
MINERALSY SILICA CHEMISTRY: SILICA SOLUEILITYS
SCLUBILITYs TEMFERATURE OEPEMNCENCES TIME
DEPENDENCE.

12%

MOREY €4
' BRINE TREATMENT/SCALING

TITLE- THE SOLUBILITY OF AMORPHOUS SILICA AT 25
DEGREES Ch

AUTHOR= MOREYy GeWe}FCURNIER) RoeCoIROWEY JedJe
[GEOLOGICAL SURVEY,. WASHINGTCNy DeCoe (LSA)],

REFERENCE= Jo GEOPHYSs RESey Ve 69 (1C)y P,
1995-2002 (MAY 1GEL),

DESCRIPTORS= AMORPH(US SILICA; AGUEOUS SOLUTICNSS
CRISTOSALITES E£)>FERIMENTAL RESULTSS: FREE
ENERGY$ GEOTHIRMAL FLUIDSS MEASURING METHODSS
PH VALUES PH DEFENCENCES QUARTZS SILICA
MINERALS¢ SILICA CHEMISTRY; SILICA SOLUBILITYS
TEMPERATURE DE FEMDENCES TIME DEPENDENCE.

126

OWEN 75
BRINE TREATMENT/SCALING

_TITLE= PRECIPITATION CF AMORPHOUS SILICA FRCM

HIGH=-TEMPERATURE HYPERSALINE GEOTHERMAL BRINES.

AUTHOR= OWEN, LeBe (CALIFORNIA UNIVe» LIVERMGRE
(USA)s LAWRENCE LIVERMORE LABe)s

REFERENCE= PRECIPITATION OF AMORPHOUS SILICA FROM
HIGH=TEMPERATURE HYPERSALINE GECTHERMAL BRINES.
UCRL=518664 CALIFORNIA UNIV.), LAWRENCE ‘ .
LIVERMORE LABey LIVERMOREs CALIFe.y JUN 1975, 20
Pae

DESCRIPTORS= AMORPHCUS SILICAS AQUEOUS SOLUTICNSS
CHALCEDONYs; CHEMICAL REACTIONSS CONCENTRATION
DEPENDENCES CRISTOBALITES ECC(NOMICSS GECTHERMAL
BRINESS HYDROXICESS METALSS OPALINE SCALES PH
ADJUSTMENTS PH VALUES PH DEPENDENCES
POLYMERIZATIC(NS PRECIPITATIONS PRESSURE

. DEPENDENCES? QUARTZS SALINITY$S SCALINGS SILICA
'MINERALSS SILIC{ CHEMISTRY: SILICA SCLUBILITYS
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SUSPENDED SOLIDSS TEMPERATURE OEPENCENCES TINME
DEPENDENCES SALT(N SEA GEGTHERMAL FIELC.

127

0ZAWA 70
BRINE TREATMENT/SCALING

TITLE- A PHENOMZINCiN GF SCALING IN PRODUCTION KWELLS
AND THE GEOTHERMAL POWER PLANT IN THE MATSUKANWA
AREA.

AUTHOR=- OZAWA, T. [TCKYO INST. OF TECHe (JAPAN).
DEPT. OF CHEMISTRY].

FUJII, Yo [JAPAN METALS ANC CHEMICALS CO.,
LTDey IWATE (JAFAN)I,

REFERENCE= GEOTHERMICS,y SPECIAL ISSUE 24 Ve2 (2)y P,
1613-161811973) ,

DESCRIPTORS~ AMGRPHCLS SILICA: BRINES3I CHEMICAL
ANALYSIS: CHEMICAL COMPCSITICN: BRINE
TREATMENTS CLAY MINERALSS CGRROSION?
EXPERIMENTAL RESULTSS MEASURING METHODSS
GECTHERMAL BRINE ¢ GEOTHERMAL WELLS? IRCN
OXIDESS METALSS PH VALUES PIFELINESS SCALE
COMPOSITIONS SCALINGS DESCALINGS SCALINC
CONTROL3 SILICA MINERALSS SILICA CHEMISTRY?S
SILICA SOLUBILITYS SURFACE EQUIPMENTS SUSPENCEGC
SOLIDSS TURBINE BLADESS WELL INTERFERENCES
MATSUKAWA GEOTHERMAL FIELDY LJAPAN,

128

: SCHOCK 75
BRINE TREATMENT/SCALING

TITLE- THE EFFECY OF ELECTRICAL FCOTENTIAL CN SCALE
FORMATION IN SAL ION SEA BRINE.

AUTHOR= SCHOCKy ReNo30UBA, Ase [CALIFORNIA UNIVa.,
LIVERMORE (USA)e LAWRENCE LIVERMORE LAB.1.

REFERENCE- THE EFFECT OF ELECTRICAL POTENTIAL ON
SCALE FORMATICN IN SALTON SEA BRINE.
UCRL=5194 4y CALIFORNIA UNIV.s LAWRENCE

LIVERMORE LABe.y LIVERMORE, CALIF.s NOV 1975, 14
Paes -
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DESCRIPTORS= BPRINES: CHEMICAL ANALYSIS: EXPERIMENTAL
. RESULTS: GEOTHERMAL BRINES? MEASURING
INSTRUMENTSS MEA SURING METHOCS3? SCALINGS SILICA
MINERALSS SILICA SOLUBILITYS SALTON SEA
GEOTHERMAL FIELG.

129

, TCLIVIA 70
BRINE TREATMENT/CGRROSIGN

TITLE- CORROSION NEASUREMENTS IN A GEOTHERMAL
ENVIRONMENT, :

AUTHOR= TOLIVIA, Ee*e [GEOTHERMAL ENERGY COMMISSION,
MEXICO CITY (MEXICO). CHEMICAL INVESTIGATION
SECTIONI].

REFERENCE= GEOTHERMICS, SPECIAL ISSUE 24 Ve2 (2)y P,
1596-1601(1976) .

DESCRIPTORS=- CHREMICAL COMPOSITION; CHLORIDES?
CORROSIOMN$ CORRGSION PROTECTION: CORRCSICN -
RESISTANT ALLG)Y33 EROSION? EXPERIMENTAL
RESULTSS GEOTHERMAL FLUIDS? MEASURING
INSTRUMENTSS HMCASURING METHOGSs SCALINCG3 STRESS
CORROSIONS TIMZ ([EPENDENCES CERRQO PRIETC
GEOTHERMAL FIELGS MEXICO.

130

TREACWELL 35
BRINE TREATMENT/SCALING

TITLE=- POLYMERISATION OF PHENOMENA OF SILICIC ACIC.

AUTHOR~ TREADWELL, WeCse [EIDGFNOESSISCHE TECHNISCHE
HOCHSCHULE, ZURICH (SWITZERLAND). INORGANIC
LAB. ).

REFERENCE= TRANSes FARADAY SOCes Vs 31, Po
297=304(1¢35) .,

DESCRIPTORS~- CHEMICAL REACTIONSS ELECTRODIALYSIST
FXPERIMEMNTAL RESULTSS MEASURING INSTRUMENTSS
MEASURING METHOCS? FH ADJUSTPENTS PH
DEPENDENCES POLYMERIZATIONS SILICA CHEMISTRYS
TIME DEPENOENCE.
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VAN LIER 60
BRINE TREATMENT/SCALING

TITLE- THE SOLUBILITY OF QUARYZ,.

AUTHOR= VAN LIERy JeAs3DE BRUYNy PelLo3OVERBEEK,
JeTHsGe {MASSACHUSETTS INSTs OF TECHe»
CAMBRIDGE (USA). DEPTe OF METALLURGY].

REFERENCE= Jo PHYS, (HEMey Vo 6Ly Pe 1675-1682(NOV
1960). '

DESCRIPTORS=- AQUEOUS SOLUTIONS: CHEMICAL ANALYSISZ
CHEMICAL FREACTICNSS EXPERIMENTAL RESULTSS
MEASURING INSTRUFMENTSS MEASURING METHOCSS PH
DEPENDENCES QUARTZ: SALINITY3 SILICA MINERALS?
SILICA CHEMISTRY; SILICA SOLUBILITYS SCOIUM
CHLORIDESY TIME ([EPENDENCE.

132

_ WAHL 74
BRINE TREATMENT/SCALING

"TITLE- SILICATE SCALE CONTROL IN CGEOTHERMAL
BRINES==FINAL REPORT,

AUTHOR= WAHLy EeFoe3YEMs IeKs3BARTELy Wede {GARRETY
RESEARCH AND DEVELOPMENT COey INCey LA VERNE,
CALIF., (USA)1].

REFERENCE= SILICATE SCALE CONTROL IN _GEOTHERMAL

BRINES==FINAL REPORTe GR=D 74-048,y GARRETT

- RESEARCH AND CEVELOPMENT COMPANY, INCsy LA
VERNE g CALIF .y .SEP 1974y 122 Pes

DESCRIPTORS~ ABRASIONS AMORPHOUS SILICAS AGUECUS
SOLUTIONS: BRINESS CARBONATES: CHEMICAL
ANALY3IS: CHALCECONY: CHEMICAL COMPOSITICON:
CHEMICAL FEACTICNSS BRINE TREATMENTS '
CONCENTRATION CEFENDENCES CRYSTAL SEECINGS
CRISTOBALITE: EXFERIMENTAL RESULTS; FLCW RATES
GEOTHERMAL BRIM:S? HEAT FLOWS HEAT TRANSFERS
HEAT TRANSFER CGEFFICIENTS: HYDROXIDESS
MATHEMATICAL MOCELS: MEASURING INSTRUMENTS:
MEASURING METHGCSS MONITORINGS PH ADJUSTMENTS
PH VALUE! PH DEFENDENCES PIPELINESS
POLYMERIZATICN: PRECIPITATIONT QUARTZ? SANDS
SCALE COMPOSITIGCNS SCALINGS SCALING CONTROLS
SILICA MINERALSY SILICA CHEMISTRY: SILICA
SOLUBILITYS SILICATES? SURFACE EQUIPMENTS
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TEMPERATURE DEFEMNOSNCET TEMPERATURE LOCGGINGS
THEORETICAL TREATMENTSS TIME ODEPENDENCES
TRIDYMITZS WELL C(HARACTERISTICSS WELL LCGGING?S
WELL OPERATIONS ZAST MESA KGRA3 CALIFORNIA.

133

WHITE 56
BRINE TREATMENT/SCALING

TITLE= SILICA IN HOT-SPRING WATERS.

AUTHOR = WHITEy DeZetERANNOCK, WeWe SMURATA, Kedoe
(GEOLOGICAL SUFVEY, WASHINGTON, DeCos (LUSA)]),

REFERENCE= GEOCHIMs CCSMOCHIM. ACTA, Ve 104 Fa
27-591(1956).

DESCRIPTORS- AQUEQUS SOLUTIONS: CARBONATES?:,

' CHALCEDONYS CHEMICAL COMPOSITIONS CHEMICAL
REACTIONSS CHULCRIDESS CLAY MINERALSS CONNATE
WATER S CONCENTRATION DEPENCENCES CRISTGEALITES
EXPERIMENTAL RESULTSS GEOTHERMAL FLUICSS
MEASURING METH (DS OPALS PH VALUES PH
DEPENDENCES POLYMERIZATIONY FRECIPITATIGN;S
QUARTZ? SALINITY: SCALINGS SCALING CONTROLS
SILICA MINERALSS SILICA CHEMISTRYS SILICA
SOLUBILITYs TEFFERATURE DEPENCENCE: TIME
DEPENDENCES TRICYMITES STEAMECAT SPRINECSS

134

WILSON 74
BRINE TREATMENYT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- LABORATCRY PRCGRAM TO STUDY FLASHING ANO
SCALING CHARACTERISTICS OF GECTHERMAL BRINES.,

AUTHOR= WILSON, JeSe (DOW CHEMICAL CCey MICLAND,
MICH. (USA)). ‘

WARREN Y GeRe
REFERENCE=- LABORATORY PROGRAM TO STUDY FLASHING ANC
SCALING CHARACIERISTICS OF GECTHERMAL BRINES.
INT=0SW=RDPR=74-969y DOW CHEVMICAL COey MIDLAND,
MICHey MAY 1374y 87 Paa

DESCRIPTORS= CARBONATES: CHEMICAL ANALYSIS: CHEMICAL
COMPOSITI(NS CHLGRIDESS CONCENTRATICN
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DEPENDENCES CORRCSION3 CORROSION RESISTANT
ALLOYS: DESALIMATION: EXPERIMENTAL RESULTS:
FILTRATIONS FLASPFING: FLOCCULATIONS FLCW RATES
GEOTHERMAL BrRINESS GEOTHERMAL FLUIDSS CROUND
SUBSIDENCE: HYDRGGEN SULFIDESS INJECTICN WELLSS
MEASURING INSTRUMENTSS MEASURING METHCCLSS PH
ADJUSTMENTS PH VALUES PH DEFENDENCES PITTING
CORRCSION: PRESSURE DEPENCENCES SCALINCS SILICA
MINERALSY SILICA CHEMISTRYS SILICA SOGLUEILITYS
SULFIDESS SUSPeM{ED SOLIDSS TEMPERATURE
DEPENDENCE: TINME DEPENDENCES$ UNCERGROUNC
DISPOSAL: WASTZ CISPOSAL: WASTE WATERS IVMPERIAL
VALLEYS CALIFCRNIA,

135

. ALEXANCER 54
BRINE TRSATMENT/SCALING

TITLE- THE SOLUBILITY OF AMORPHOUS SILICA IN KATER.

AUTHOR=  ALEXANDERy GoBe SHESTON, WeMe IILERy RokKe [DU
POMT DE NEMOURS (EeIs) AND CQes INCoey
WILMINGTON, OELes (USA)e GRASSELLI CHEMICALS
DEPT. 1.

REFERENCE= Jes PHYS, CHEMs., Vo 58, Fs 453-455(JUN
13954) .,

DESCRIPYORS= AMGRPH(LS SILICA: AQUEOUS SOLUTIONS3
CHEMICAL REACTICNS: EXPERIMENTAL RESULTS3S
MEASURING METHGCSS PH VALUES FH DEPENDENCES
SILICA CHEMISTRYS SILICA SOLUBILITYS
TEMPERATURE OEFENDENCES TIME CEPENDENCE.

136

ALEXANOER 548
BRINE TREATMENT/SCALING

TITLE- THE POLYMERIZATION OF MONOSILICIC ACIC.
AUTHOR= ALEXANCER, GeBs (DU PONT CE NEMOURS (EoIs)
AND COey INCsy WILMINGTON, DEL. (USA).

GRASSELLI CHEMICALS DEPTe 1o

REFERENCE= AMs CHEMs S0Ce Jos Vo 76y Py
2094-2096(APR 1GS4),
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DESCRIPTORS~= EXPERIM PTAL RESULTS3 MEASURING
_ METHODSS PH VALUES PH DEPENDENCES -
POLYMERIZATICNS SILICA MINERALSS SILICA
CHEMISTRYS SILICA SOLUBILITYS TEMPERATURE
DEPENDENCE: TIME OEPENDENCE. '

137

: CALLEGRINTI 70
BRINE TREATMENT/CCRROSION
BRINE TREATMENT/SCALING

TITLE- CORROSION CHARACTERISYICS AND GEOTHERMAL
POWER PLANT PR(TECTION (COLLATERAL PROCESSES OF
ABRASIONs EROSICN AND SCALING).

AUTHOR= ALLEGRINI, Ge3BENVENUTI, G. [ENTE NAZIONALE
PER L*ENERGIA ELETTRICA, LARCERELLC (ITALY).
COMPARTIMENTO 01 FIRENZE, GRUFPO PERFORAZIONI,

IeMals

REFERENCE=- GEOTHERMI(S, SPECIAL ISSUE 2y V. 2 (1),
' Pe 865=-881(1970) T

DESCRIPTORS= ABRASIOM; CHEMICAL CCMPOSITION: BRINE
TREATMENT3 CHL(RIDES: COOLING TOWERS:
CORROSIONS CORRCSION PROTECTICN; CORRCSICN
RESISTANT ALLOYSS EROSICNS EXPERIMENTAL
RESULTS$ MEASURING METHODS: ELECTROCHEMICAL
CORROSIONS GEOTHERMAL FLUIDS3 GEOTHERMAL POWER
PLANTS; HYDRCGEN  SULFIDESS IRCN CXIDESS FH
ADJUSTMENT: PH VALUE: PIPELINES: PITTING
CORROSIONS SCALINGS STRESS CCRROSION3 SULFIDESS
SURFACE ZQUIPMENTS SUSPENCzD SOLIDS;S
TEMPERATURE OJOEFENDENCE: TURBINE BLADES;
LARDERELLO GEO TFERMAL FIELDS ITALY.

138

EANNING 73
BRINE TREATMENT/CGCRROSION

TITLE- CORROSION RESISTANCE OF METALS IN HCT
BRINEZS==A LITERATURE REVIEW.

AUTHOR=  BANNINGs Lete3ODEN, Lele [ALBANY METALLURGY
RESEARCH CENTEF, -ALBANY, OREG. (USA}1}.

REFERENCE= CORRGCGSICN FESISTANCE CF METALS IN HOY
BRINFS~=A LITERATURE REVIEW. IC-8601, EBLREAU
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OF MINESs UeSe GEPYT, OF THE INTERIOR,
WASHINGYONy DeCay 1973y 39 Pao

DESCRIPTORS~ BRINES: CHEMICAL ANALYSISs CHEMICAL
COMPOSITIGNS CHLCRIDES3 CORROSION: CORRCSICN
RESISTANT ALLOYS; EROSIONI EXPERIMENTAL
RESULTS: MEASUFING METHODS; ELECTROCHEMICAL
CORROSIONS GEOTHERMAL BRINES; GEOTHERMAL
FLUIDSS P+ VALUES PITTING COFROSIONS STRESS
CORROSION} SULFIDESS HVERAGEFDI GECTHERMAL
FIELDS GEYSERS GEOTHERMAL FIELDS MATSUKARA
GEOTHERMAL FIELDS CERRO PRIETO GEOTHERNMAL
FIELDS IMPERIAL VALLEYS WAIRAKEI GEOQTHERMAL
FIELDS CALIFCRNIA: NEW ZEALANCs MEXICCS JAPANS
ICELAND.

139

BEKRMAN 40
BRINE TREATMENT/SCALING

TITLE- REMOVAL OF SILICA FROM WATER.

AUTHOR~ BEMRMAN, AeSe3GUSTAFSON, Ho [INTERNATIONAL
FILTER COey CHICAGO, ILL. (USA)IJ.

REFERENCE= INDe ENGs CHEMey Ve 32 (&), P,
LEB8=4LT2 (APR 1948,

DESCRIPTORS= SRINE TREATMENTS EXPERIMENTAL RESULTSS
MEASURING METHGLSS FLOCCULATICNS FLCCCULATING
AGENTS: HEAT TFANSFER: HYDROXIDES: IRON CXIDES:
METALSS PK ADJUSTMENTS PRECIFITATIONS SCALINGS
DESCALINGS SILICA MINERALS,

-

140

CATALANG 75
BRINE TREATMENT/SCALING

TITLE- COMMENTS ON ThE POSSIBLE\EFFECTS CF ACCITIVES
ON SCALING 8Y GECTHERMAL BRIMES.

AUTHCR = CATALANCy SotFILLy JoeHe (CALIFORNIA UNIVe)
LIVERMORS (USA)s LAWRENCE LIVERFORE LAE.])e

REFZRENCE- COMMENTS CN THE POSSIBLE EFFECTS CF
ADOITIVES ON SCELING BY GEOTHERMAL BRINES.
MeSer UCRL=5175€, CALIFORNIA UNIV. LAWRENCE
LIVERMORE LABey LIVERMORE (US2), FEEB 1S75, 7
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DESCPIPTOPS- ADCITIVE €3 CARBONATESS: CHEMICAL
REACTIONSS CORRCSIONS GEOTHERMAL BRINESS
HYDRGXIDHSY 4T7ALSS PH ADJUSTMENTS PH
DEPENDENCEY POLYMERIZATION: FRECIPITATICNS
SCALINGS SCALINC CONTROLS SILICA MINERALSS
SILICA CHEMISTRY; SULFIDES: THERMOUYNAMICS.

141

ELLIS €4
BRINE TREATMENT/SCALING

TITLE- NATURAL HYOROTHERMAL SYSTzMS AND EXPERIMENTAL
HOT=-WATER/ROCK IMNTERACTIONS,

AUTHOR= ELLISy A.JeIMAHONy WeAosJo (OEFARTMENT OF
SCIENTIFIC AND INDUSTRIAL RESEARCH, PETCNE (NEW
ZEALAND)s CHEMI(TRY DIVISIONI].

REFERENCE=- GEDéHIH. COSMOCHIM. ACTA, V. 284 F.
-1323-135701964) ,

DESCRIPTORS= AMGRPHOIS SILICA: CHEMICAL ANALYSISS
CHEMICAL COMFOSITIONS CHLORIDESS CONCENTRATION
DEPENDENCESY CRISTOBALITE: ELEVATED PRESSURES
EXPERIMENTAL RESULTSS GEOTHERMAL BRINESS
HYDROGEN SULFIDESS MEASURING METHOOSS GUARTZS
ROCK=FLUID INTEZRACTIONS: ROCKS: SILICA
MINERALSS SILICA CHEMISTRYS SILICA SOLUBILITYS
"ELEVATED TZMPERATURE; TEMPERATURE DEFENCENCES
TIME DEPENDENCEY NEW ZEALANG.

142
FCSTER €1
BRINE TREATMENT/CORROSION

TITLE- CORROSION INVESTIGATIONS IN HYDROTHERMAL -
MEDIA AT WAIRAKEI+ NEW ZEALANG.

AUTHOR= FOSTERy PeKe3MARSHALLy T.3TOMBS, A.
{DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL
RESEARCH, WELLINGTON (NEW ZEALAND)+ GCMINION
LAB. ).

REFERENCE~- PROCEECIMNGS OF THE UNITED MATIGNS
CONFERENCE ON NEW SOURCES OF ENERGY. VGLUME 3,
GEOTHERMAL ENERGY==IIs UNITEDC NATICNS, NEW
YORK, 1964y Ve3y GEOTHERMAL ENERGY==II,
Pes18€=195% '

DESCRIPTORS=- CARBONATES: CATHODIC DEPGLARIZATIONS

CHLORIDESS CORRGSION: CORROSICN PROTECTION:
CORROSION RESISTANT ALLOYS; EROSIONS
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EXPERIMENTAL RESULTSS GEOTHERMAL BRINESS
HYDROGZN SULFIDES: MEASURING METHODS: MCOERATE
PRESSURE: PITTING CORROSIONS STRESS CORROSIONS
SULFIDES? ELEVATED TEMPERATURES MODERATE
TEMPERATURES TEM FERATURE CEPENDENCES TIME
DEPENDENCES TUREINE BLADESS WAIRAKEI GEGCTHERMAL
FIELD: MEW ZEALAMD.

143

FCURNIER 62
BRINE TREATMENT/SCALING

TITLE- THE SOLUBILITY OF CRISTOBALITE ALCNG THE
THREE=PHASE CURVE, GAS PLUS LIQUID PLUS
CRISTOBALITE.

AUTHOR= FCOURNIERy ReCos3ROWE, JeJs [GEOLOGICAL
SURVEYy HWASHINGICNy DeCs (USA)],

REFERENCE= AMe MINERAL.s Vo 47, Peo 897-902{1GE2),

DESCRIPTORS= CRISTOBALITE? EXPERIMENTAL RESULTSS
FREE ENERGY? MEASURING METHOCSS SILICA
MINERALS: SILICA SCLUBILITYS MODERATE
TEMPERATURE?: ELE VATED TEMPERATURES TEMFERATURE
DEPENDENCES THERMODYNAMICS,.

144

HCFFMANN 75
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSICN

TITLE~ BRINE CHEMISTRY=-=SCALING AND CORRGSIGN.
GEOTHERMAL RESEARCH STUDY IN THE SALTON SEA
REGICN OF CALIFCRNIA.

AUTHOR= HGFFMANN, MoRe [CALIFORNIA INST. OF TECH.,
-PASADENA (USAY. ENVIRONMENTAL QUALITY LAB.].

REFERENCE= BRINE CHEMISTRY==SCALING AND CORRUSION.
GEOTHERMAL RESEARCH STUDY IN THE SALTOMN SEA
REGION GF CALIFCRNIA, EQL MEMORANOUM NCo 14,
CALIFORNIA INSTe OF TECHes» ENVIRONMENTAL
"QUALITY LAB.s PASADENA, CALIF. (USA)y JUL 1975,
48 Paeo '

"DESCRIPTORS~  BINARY FLUID SYSTEMSS BRINESS
CARBONATESS CATHODIC DEPOLARIZATIONS CHENMICAL
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COMPOSITION; CHEFICAL REACTIONS: BRINE

. TREATMENTS CHL (RIDES? CORROSIONS CORRGSIGN
RESISTANT ALLOYSS CRYSTAL SEECIMGS ECONGNMICSS
EXPERIMENTAL RESULTSS MEASURING METHOCS:
FLOCCULATING AGENTSS FLOW RATES GEOCHEMISTRYS
GEOTHERMAL BRINESS GEOTHERMAL FLUIDSS
GEOTHERMAL RESERVOIRS: GEOTHERMAL WELLS:?
HYDROGEN SULFIOESS LEGAL ASPECTSS MINERAL
RECOVERYS OPALINE SCALES PH VALUES FITTING
CORROSION: PRECIFITATION: RESERVOIR PROFERTIES:
SCALINGS SCALING CONTROLS SCHRUBBERSS SILICA
MINERALSS? SILICA CHEMISTRY; SILICA SOLUBILITYS
STRESS CORROSICN: TEMPERATURE DEPENDENCES TOTAL
FLOW SYSTEM? TUREINE BLADESS SALTON SEA
GEOTHERMAL FIELC3; CALIFORNIA.

145

HUANG 75
BRINE TREATMENT/SCALING

TITLE- THE REMOVAL OF AQUEOUS SILICA FROM CILUTE
AQUEOUS SOLUTIGCN, :

AUTHOR= HUANG, CeP. (DELAWARE UNIVe, NEWARK (USA).
DEPT. OF CIVIL (NGINEERINGY) .

REFERENCE' E.APTH PLANET. SCI. LET’.’ Ve 27' Fe
265=274(1975) . ' o

DESCRIPTORS=- AQUECUS SOLUTIONS? CHEMICAL REACTIONS:
CONCENTRATION DEFENDENCES EXFERIMENTAL RESULTSS
FREE ENERGY: MZA SURING INSTRUMENTS3 MEASURING
METHODS: PH VALUE: PH DEPENCENCE; SILICA
MINERALS? SILICA CHEMISTRY? SILICA SOLUEILITY;
SILICATESS SUSFENDED SOLIDS.

146

ILER S5
BRINE TREATMENT/SCALING

TITLE- THE COLLOID CHEMISTRY OF SILICA AND
SILICATES.

AUTHOR~= ILERy ReKse [CORNELL UNIVes ITHACA,
REFERENCE= THZI COLLCID CHEMISTRY OF SILICA AND

SILICATESs CORNELL UNIVERSITY PRESSs ITHACA,
NEW YORK, 1855, 24 Pes
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DESCRIPTORS= AMORPHOUS SILICAS AQUEOUS SCLUTICNS3
CHEMICAL REACTICNS: CLAY MINERALSS
CONCENTRATICN OEFENDENCE; CRISTOBALITES
ENVIRONMENTAL EFFECTSS EXPERIMENTAL RESULTSS
METALS: PH VALLE? PH DEPENDENCE?
POLYMZIRIZATION: QUARTZ: SILICA MINERALS: SILICA
CHEMISTRYS SILICA SOLUBILITYS MODERATE
TEMPERATURES ELEVATED TEMPERATURE; TEMFERATURE
DEPENDENCE: TIME CEPENDENCES: TRIDYMITE,

147

JACKSON 76
BRINE TREATHMENT/SCALING

TITLE~ POSSIBILITIES FOP CONTRGLLING HEAVY METAL
SULFIDES IN SCALE FROM GECTHERMAL BRINES.

AUTHOR=  JACKSONy DeDeSHILLe JeHe [CALIFORNIEA UNIVey
LIVERMORY (USA)e LAWRENCE LIVERMORE LABe1,

REFERENCE~ POSSIBILITIES FOR CCNTROLLING HEAVY METAL
SULFIDES IN SCALE FROM GEOTHERMAL BRINES,
UCRL=-5197 iy CALIFORNIA UNIV.s LAWRENCE
LIVERMORZ LA8., LIVERMORE, CALIFs» JAN 1976, 14
Peo )

DESCRIPTORS= AMCRPH(US SILICA: CHEMICAL CCMFCSITIONS
CHEMICAL REACTICONS: BRINE TREATMENTS
GEOTTHERMAL BRINES? METALSY CXIDATICNS
PRECIPITATIONS FRESSURE DEPENDENCES SCALINGS
SCALING CONTROLS OESCALINGS SCLUBILITY:
SULFIDES? SURFACE EQUIPMENTS SUSPENCED SCLIDSS
TEMPERATURE ODEFEMNDENCES SALTON SEA GECTHERMAL
FIFELD.

148

KENNEDY 50
BRINE. TREATMENT/SCALING

TITLE- A PORTION CF THE SYSTEM SILICA-WATER.

AUTHOR= KENNEDY, Go.Ces [HARVARD UNIV,s CAMBRICGE,
MASS. (USA), GEGLOGICAL MUSEUMI,

REFERCNCF= ECONe GEOLes Vo 45, P 629-653(1950).

DESCRIPTORS=- AMCRPHCUS SILICAs AGUEQUS SOLUTICNS3
ELEVATED PRESSURE? EXPERIMENTAL RESULTSS
GEOLOGYS GEOTHSRMAL FLUIDSS HIGH PRESSURES

/
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MEASURING INSTRUMENTS: MEASURING METHCCS:
MODERATE PRESSURES PRESSURE DEPENDENCES GQUARTZS
SILICA MINERALSS SILICA CHEMISTRY; SILICA
SOLUBILITY: ELEVATED TEMPERATURES HIGH
TEMPERATURES TEMFERATURE CEFENDENCES TIME
DEPENDENCE,

149

KITAHARA 6C
BRINE TREATMENT/SCALING

TITLE- THE POLYMERIZATION OF SILICIC ACIC OCEBTAINEC
BY THE HYOROTHERNMAL TREATMENT OF QUARTZ AND THE
SGLUBILITY OF AMCRPHOUS SILICA.

AUTHOR~ KITAHARA, Ss [FUKUOKA GAKUGEI UNIV,, TACAWA
(JAPAN) Y.

REFERENCE=" REVs PHYS, CHEMe JAPAN, V. 30 (2), P,
131-137(DEC 19€U).

DESCRIPTORS=- AMORPHCLS SILICA; CHEMICAL REACTIONSS
CONCENTRATION CEFENDENCES EXFERIMENTAL RESULTSS
MEASURING METHCCS: PH DEPENCENCE;
POLYMERIZATI (NS GUARTZ: SILICA MINERALS; LOW
TEMPERATURES MCCERATE TEMPERATURES TEMPERATURE
DEPENDENCES TIME DEPENDENCE.

i5¢0

KITAHARA 608
BRINE TREATMENT/SCALING

TITLE- THE SOLUBILITY EQUILIBRIUM AND THE RATE OF
’ SOLUTION OF QUARTZ IN WATER AT HIGH
TEMPERATURES ANC HIGH PRESSURES.

AUTHOR- KITAHARAy, S+ [FUKUOKA GAKUGEI UNIVey TAGAWA
(JAPAN) ).

REFERENCE=- REVe PHYS. CHEMs JAPAN, V. 30 (2), P,
122-130 (DEC 19€U0) .

DESCRIPTORS= AQUEOUS SOLUTIONS$ CHEMICAL REACTIONSS
CONCENTRATION CEFENDENCES ELEVATED PRESSURES
EXPERIMENTAL RESULTSS HIGH PRESSURES MEASURING
METHODSS PRESSURE DEPENDENCES; QUARTZ; SILICA :
SOLUBILITYS SODIUM CHLORICGESS HIGH TEMFERATURES
TEMPERATURE OEFEMDENCES TIME DEPENDENCE.
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KITAKEARA €8C
BRINE TREATMENT/SCALING

TITLE- THE SCLUBILITY OF QUARTZ IN THE AGUECLS
SODIUM CHLORIDE SOLUTION AT HIGH TEMPERATURES
AND HIGH FPRESSURES.

AUTHOR~ KITAHARAs S« [FUKUOKA GAKUGEI UNIVe, TACAWA
(JAPAN) ],

REFZRENCE=- REV, PHYSe CHEM, JAPAN,y Ve 30 (2), P
115-121 (DEC 19€0) .,

DESCRIPTORS= AQUECUS SOLUTIONS: CCNCENTRATICN
DEPENDENCES OATA: EXPERIMENTAL RESULTS:
PRESSURE CEPENCENCE: MODERATE PRESSURES
ELEVATED PRESSURES QUARTZS CHEMICAL REACTION
KINETICS: SOLUBILITY: TEMPERATURE DEFENCENCE?:
ELEVATED TEMPERATURES HIGH TEMPERATURES SODIUM
CHLORIDES.

152

KRAUSKOPF 5¢€
BRINE TREATMENT/SCALING

TITLE~- DISSOLUTION AN( PRECIPITATICN CF SILICA AT
LOW TEMPERATURES. .

AUTHOR=- KRAUSKOFF, KeEa [STANFORD UNIV., CALIF,
(USA) 1,

REFERENCE=- GEOCHIMe CCSMOCHIM, ACTA, Ve 18, Fo
1-26(1956).

DESCRIPTORS~= AMCRPHCUS SILICAS CALCITES CLAY
MINERALS: COLLOIOAL SILICAS PH DEPENDENCE?S
POLYMERIZATIONS FRECIPITATIONS SEAWATERS SILICA
SOLUBILITYS TEMPERATURE DEPEMNCENCES LOW
TEMPLRATURES MGCERATE TEMPERATURE: TIME
OEFENDENCE,

B-80



73 £ . ZE N i ,g- % o 5 ‘ 3"“‘. &
U@ij?\dé&jjg,}‘g?z

153

» FLORKE 76
BRINE TREATMENT/SCALING

TITLE- HYDROTHERMAL TFANSPORT ANC CEPOSITION CF
SILICA.

AUTHOR= FLORKE, OsWse {RUHR=UNIVERSITAT BGCHUM,
" (GERMANY) s INSTITUT FUR MINERALCGIE).

REFERENCE= CONFERENCE ON SCALE MANAGEMENT 1IN
GECTHERMAL ENERGY DEVELOPMENT. Us Se ERDA,
DIVe OF GEOTHERMAL ENFERGYy WASHINGTON,s CeCas
19764 Pe 1=8,

DESCRIPTORS- CHEMICAL REACTIONSS CRYSTALLIZATIONS
© MEASURING METHOCS: HYDROTHERMAL SYSTEMS:
PRECIPITATIONS SILICA MINERALSS TEMPERATURE
DEPENDENCES ELEVATED TEMPERATURES HIGH _
TEMPERATURES CHRISTOBALITES TRIDYMITES QUARTZ3
CHALCEDONY,.

154

DOWNS 7€
BRINE TREATMENT/SCALING

TITLE- KINETICS OF SILICA SCALING.

AUTHOR= DOWNS, WeFe3RIMSTIDTy JoD+3BARNES, Hol,
{PENNSYLVANIA STATE UNIVe.s UNIVERSITY FARK
(USAYe DFEPTe OF GEOSCIENCES]).,

REFZRENCE~- CONFERENCE ON SCALE MANAGEMENT IN
GEOTHERMAL ENERGY OEVELOPMENT. U. So ERCA,
DIV. OF GECTHERMAL EMERGYy WASHIMTONy CeCey
1976+ Pe CS=138. :

DESCRIPTORS- MEASURINC METHODSS PRECIPITATICNS
ROCK=FLUID INTERACTIONSS SCALINGS SILICA
MINERALS: TEMPERATURE OEPENCENCES HYDRCTHERMAL
SYSTEMS: CHEMICAL REACTION KINETICSS SCCIUM
CHLORIDESS QUARTZ,. '

155
FCURNIER 76
BRINE TREATMENT/SCALING
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TITLE- THE SOLUBILITY OF AMORPHOUS SILICA AT HIGH
TEMPERATURES ANC HIGH PRESSURES.

AUTHOR= FOURNIER, ReGes [GEOLOGICAL SURVEY, MENLO
PARK, CALIF., (USA)],

PEFERENCE= CONFERENCE ON SCALE MANAGEMENTY IN
GEOTHERMAL ENERGY DEVELOPMENT. Ue S« ERDA,
DIV, OF GEOTHERMAL ENERGY, WASHINGTONy DeCey
19769 Pe 109=24,

DESCRIPTORS= AMORPHCUS SILICA; MEASURING METHCDSS
PRESSURE CEPENDCENCES: HIGH PRESSURE: SILICA
SOLUBILITY? TEMFERATURE DEPEMCENCES MCCERATE
TEMPERATURE? ELEVATED TEMPERATURE.

i%e

HARVEY 76
BRINE TREATMENT/SCALING

TITLE- KINETICS OF SILICA CONDENSATION IN BRINES.

AUTHOR= HARVEY, W.Ws IMAKRIDESy A+Ce3SLAUGHTER,
Je3TURNERY MeJo [EIC CORPORATION, NEWTCN, MASS.
(usaly.

REFERENCE= CONFERENCE ON SCALE MAMACGEMENT IN
GEOCTHERMAL ENERGY DEVELOPMENT. Ue. S« ERCA,
DIVe OF GEOTHERMAL ENERGYy WASHINGTONs CeCoeo
1976, Pe 25=36.

DESCRIPTORS~ BRINESY MEASURING METhOCSS GEOTHERMAL
FLUIDS: MUCLEATIONS PRECIPITATION: SILICA
MINEFALS? CHEMICAL REACTION KINETICS3 PH
DEPENDENCES CONCENTRATION DEPENDENCES
TEMPERATURE DEPEMNDENCE: SILICIC ACIS.

157

MESMER 76
BRINE TREATMENT/SCALING

TITLE- STUDIES ON THE IONIZATION EQGUILIBRIA CF
SILICIC ACID ANC POLYSILICATE EQUILIBRIA IN
HIGH TEMPERATURE BRINES.

AUTHOR~- MFSMER, ReE,3EUSEY, ReHe [CAK RICGE NATIONAL
LABs.+s TENNe (USA) ),
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REFERINCE= CONFERENCE ON SCALE MAMAGEMENT IN
GEOTHERMAL ENEFGY DEVELOPMENT. Ue S. ERDA,
DIVe OF GEOTHEKRMAL ENERGY, WASHINGTON, CeCe)
19764 Pe 27-50.

DESCRIPTORS= B3RINESY MEASURING METHODSS SILICA
MINERALS: SILICATES: TEMPFRATURE DEPENCENCES
MODERATE TEMPERATURES: ELEVATED TEMPERATURE?
SILICIC ACIDSS CHEMICAL EQUILIBRIUMS
HYORCTHERMAL SYSTEMSS SODIUM CHLORICES,

158

#ICHELS 76
BRINE TREATMENT/SCALING

TITLE- MOLECULAR MECHANISMS OF SCALE CEFOSITICN.

AUTHOR= MICHEL Sy Uefe$sKEISERy 0e0. [ IDAHG NATIONAL
ENGINEERING LABe.s IDAHO FALLS (USA)J.

REFERENCE= CONFERENCE ON SCALE MANAGEMENT IN
' GZOTHERMAL ENERCY DEVELOPMENTe Us S. ERDA,
DIV, OF GEOTHEFMAL ENERGYs WASHINGTCNy CeCey
1976y Pe £1~-58, - .

DESCRIPTORS= CRYSTALLIZATIONS NUCLEATIONS
PRECIPITATIGN; SCALING: SURFACE PROPERTIES:
FOULINGS GEOLOGIC STRUCTURESS MOLECULAR
STRUCTURE, '

159

MERCADGC 76
BRINE TREATMENT/SCALING

TITLE- PRCBLEMS OF SILICA SCALING AT CERRG FRIETO
GEOTHERMAL PCWER STATION.

AUTHOR~- MERCADOs Se3GLIZA, Jo [COMISION FEDERAL DE
ELECTRICIDAD, MEXICO CITY (MEXICO)).

REFERENCE~ CONFERENCE ON SCALE MANAGEMENT IN
GZOTHERMAL ENERCY DEVELOPMENT. Ue. S. ERCA,
DIVe OF GEOTHERMAL ENERGY, WASHINGTONs CeCes
1976+ P, 59-88,

DESCRIPTORS- GECTHERMAL FLUIDSS SCALINGS SILICA

MINERALS: TURBINE BLADES: CERRO PRIETO
GEOTHERAL FIELOS FOULING.
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HUTCEINSON 76
BRINE TREATMENT/SCALING

TITLE- PROGRESS REPGCR1=-PROCESSING OF HYPERSALINE
BRINE,

AUTHOR=- HUTCHINSON, AsJels (THE BEN HOLT COQs»
PASADENA, CALIF. (USA)).

REFERFNCE~ -CONFERENCE ON SCALE MANAGEMENT 1IN
GEDTHERMAL ENERG)Y DFVELOPMENT. Ue S« ERGA,
DIV, OF GEOTHERMAL ENERGYy WASHINGTONy CeCey
1976' Po 89'900

DESCRIPTORS~ . GEOTHERMAL BRINESS HEAT EXCHANCGERSS
HEAT TRANSFER: STEAM SCRUBBERSS WELL DATAg
IMPERIAL VALLEYS NILAND3Y FOULINGS FLASHING.

161

MC KAY 76
BRINE TREATMENT/SCALING

TITLE- EXPERIENCE, FLANMS, AND A MIXED FLCW EXPANDER.,

AUTHOR= NMC KAY, RsAs [JET PROPULSICN LAB.s PASADENA,
CALIF, (USA)],

SPRANKLE s Re5e [HYDROTHERMAL POWER COe s
LTD., MISSION VIEJO, CALIF. (USA)I.

REFERENCE~= CONFERENCE ON SCALE MANAGEMENT IN
GEOTHERMAL ENERGY DEVELOPMENT, Us Se ERCA, .
DIVe OF GEOTHERMAL ENERGYy WASHIMGTGNs GaCes
19769 Pe 91‘10 Ce

DESCRIPTORS= CORROS ICN PROTECTIONS DISSOLVED SOLIDSS
EROSIONT GEOTHERMAL FLUIDS3 FRECIPITATICNS
SCALING: SCALIMNG CONTROL: FLOW EXPANDERS
TURBINESS MEXICGS FLUID FLOWS GEOTHERMAL PONWER
PLANTSS PILOT FLANTS,

162

BALAGNA 76
BRINE TREATMENT/SCALING
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TITLE- GEOCHEMICAL CGNSIDERATIONS FOR HOT, DORY ROCK
- SYSTEMS.,

AUTHOR= BALAGNAy Je3ELATZy Le3CHARLESs R43SFEEER,:
Re $HERRICK, Coe3HOLLEY, Co$STESTERs Jo3VICALEs R.
{LOS ALAMOS SCIENTIFIC LABe.y Ne MEXe (USA)],

REFERENCE=- CONFERENCE ON SCALE MANAGEMENT IN
GEOTHERMAL ENERGY DEVELOPMENY, U. Se. ERCA,

DIV. OF GEOTHERMAL ENERGY, WASHINGTCNs CeCey
1976, Pe 103=114,

DESCRIPTORS= ADDITIVES? GEOCHEMISTRYS GECTHERMAL
FLUIDSS HEAT EXCHANGERS? HEAT TRANSFERj
PERMEABILITY; PRECIPITATICNS ROCK=FLUID
INTERACTIONS? SCALING3S SILICA MINERALSS SILICA
SOLUBILITY; ELEVATEC TEMPERATURE3S HCT-ORY=ROCK
SYSTEMSS LASL$Y GEOTHERMAL SYSTEMS3 EXPERIMENTAL
MODELS? CHEMICAL EQUILIBRIUMS FLCW MODELS.

163

COLLINS 76
BRINE TREATMENT/SCALING

TITLE= PRIMARY VARIAELES WHICH CAUSE SOME CCMMON
SCALES IN"SALINE WATER SYSTEMS.

AUTHOR- COLLIMS, A+Ge IBARTLFSVILLE ENERGY RESEARCH
CENTERy OKLA, (LSA)),

REFERENCE= COMFERENCE ON SCALE MANAGEMENT IN
GEOTHERMAL ENERGY DEVELOPMENT. Us Se ERCA,
DIVe OF GEOTHERMAL ENERGY’ WASHINGTCNy CeCes
1970' Pe 115-12€,

DESCRIPTORS= SRINESS CARBONATESS CLAY MINERALSS
CORROSION; DISSCLVED SOLIDS3 GECTHERMAL FLUIDSS
HYDROXIDESY OQILFIELD BRINESt SCALING: SILICA
MINERALS? TEMPERATURE DEPENDENCE3 BARIUM
SULFATES? PRESSUFE DEPENDENCES PH DEPENCENCES
CALCITES CALCIUM SULFATESS QUARTZ: ANKYDRITES
DISOLVED GASES3 CARBON DIOXICE FARTIAL PRESSURE.

i64

NEEDHAM 76
BRINE TREATMENT/SCALING

TITLE- SCALING IN 8(TH HIGH-AND LCW=SALINITY BRINES.
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FeVe [BUREAU OF MINES, COLLEGE PARK, MC., (USA)1,

REFERENCE= CONFERENCE ON SCALE MANACEMENTY 1IN
GEOTHERMAL ENERGY DEVELOPMENT. U. Se ERCA,
DIVe OF GREODTHERMAL ENERGYy WASHINGTONs GeCoeo
1976y Pe 127=1t4, ‘

DESCRIPTORS~ CHEMICAL ANALYSISS CCRROSIONS CGCRROSION
RESISTANT ALLOYS: GEOTHERMAL ERINESS MINERAL
RECOVERY: SCALE COMPOSITIONS: SCALINGS WELL

REARACFERISTE653 1240ERELY HALRE KERRALTON SEA
16%

AFPS 76
BRINE TREATHENTISCALING

TITLE- THE KINETICS GF QUARTZ DISSOLUTION ANC
PRECIPITATION,

AUTHOR= APPS,y JeAese (CALIFORNIA UNIV., BERKELEY
(USA)« LAWRENCE BERKELEY LAB.).

REFERENCE= CONFERZNCE. ON SCALE MANAGEMENT IN
GEOTHERMAL ENERCGY DEVELOPMENT. U. Se EROA,
DIVe OF GEOTHERMAL ENERGYy WASHIMTON, CeCey
1976y Pe 145=1%2,

DESCRIPTORS= CHEMICAL REACTIONST GEOTHERMAL FIELDSS
PRECIPITATIONS SILICA MINERALS TEMPERATURE
DEPENDENCES MOCERATE TEMPERATULRES ELEVATED
TEMPLRATURES HIGH TEMPERATURES REVIEWSS CATAS
QUARTZ3 GEOTHE fMAL RESERVOIRSS SOLUBILITY:
GEOTHERMAL PCOWER PLANTS3S CHEMICAL REACTION
KINETICS,

166

KASTNER 76
BRINE TREATMENT/SCALING

TITLE- CHEMICAL CONTROLS ON THE OFAL-A YO OFAL-CT
TRANSFORMATION.

AUTHOR= KASTNERy Me SKEENE, JeBe [SCRIPPS INST4 OF
OCEANOGRAPHY, LA JOLLA, CALIF. (USA)}),
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REFFRENCE= CONMNFERENCE ON SCALE MAMAGEMENT IN
GEOTHERMAL ENERGY DEVELOPMENT. Us Se ERDA,
DIV. OF GEOTHERMAL ENERGYy WASHINGTCNe UeCed
1976, P. 153-1€J,

DESCRIPTORS~- CARBONATESS CHEMICAL ANALYSISS
MINERALOGY?t PRECIPITATIONS SILICA MINERALSH
SILICA CHEMISTFY; TEMPERATURE OEPENCENCE;
PRESSURE OEPENCENCES OPALS CHALCEOONYS GQUARTZS
DIAGENESIS,

167

GRENS 76
BRINE TREATMENT/SCALING

TITLE- INHIBITING DE?OSITION OF SILICEOUS SCALE.

AUTHOR= GRENSy Je Zo3GWENe LeBe ICALIFORNIA UNIVs,
LIVERMORE (USA)s LAWRENCE LIVERMORE LAB.1].

REFERENCE= CONFERENCE ON SCALE MANAGEMENT 1IN
GEOTHERMAL ENERGY DEVELOPMENTs Ue Se ERDA,
DIVe OF GEOTHERMAL ENERGY, WASHINGTON, DeCey
19764 Pe 161-163.

DESCRIPTORS= ACIOIZATION: ADDITIVES3: EXPERIMENTAL
RESULTS; GEOTHERMAL BRINES: PH VALUES .
SCALINGCONTRCLS SILICA MINERALSS TOTAL FLOW
SYSTEMS TURBINE BLADES: FOULING? SALTON SEA
KGRA3S GEDTHERMAL POWER PLANTS3 PH OEFENCENCES
DATA: FISLD STUCIESS NOZZLESS PH ADJUSTMENT,

168

VETTER 76
BRINE TREATMENT/SCALING

TITLE- WHAT WE DO NOT KNOW ABOUT SCALING,

AUTHOR= VETTERs Oe [UNION OIL RESEARCH CENTER, BREA,
CALIF. (USA)].

REFERENCE~- CONFERENCE ON SCALE MANAGEMENT 1IN
. GEOTHERMAL ENERGY DEVELOPMENT. Ue Ss ERDA,
DIVe OF GEOTHERMAL ENERGY, WASHINGTCONy CeCos
1976, Pe 169-17G. ,

DESCRIPTORS~- ECONOMICS% GEOTHERMAL FLUIDS: SCALINGS
SCALING CONTROL; FIELD STUDIES; DATA,
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BCHKLMANN 76
BRINE TREATMENT/SCALING

TITLE- SILICA PRECIPITATION AND SCALING IN CYNAMIC
GEOTHERMAL SYSTENSe

AUTHOR= BOHLMANN, E+Ge3SHORy AeJo3EERLINSKI, Fe {(OAK
RIDGE NATIONAL LAB.s TENN. (USA)I],.

REFERENCE= CONFERENCE ON SCALE MANAGEMENT IN
GEOTHERMAL ENERCY ODEVELOPMENTe Ue Sa ERDA,
DIV. OF GEOTHERMAL ENERGYy WASHI®GTONs CeCoeo
19764, Pe 171-18€,

DESCRIPTORS= CORROSIGNS MEASURING METHODSS FLCW
RATE: GEOTHERMAL FLUIDSS HEAT EXCHANGERSS
PRECIPITATIONS SCALINGS SILICA MINERALS?
GEOTHERMAL SYSTEFST TEST FACILITIESS
TEMPERATURE OEPEMDENCES SODIUM CHLORIDESS
DYNAMIC SYSTEMS,

170

ALLEN 7€
BRIME TREATMENT/SCALING

TITLE- THE DEVELOPMENT OF LIQUID=-FLUIDIZED €EC HEAT
EXCHANGERS FOR CONTROLLING-THE DEPOSITION OF
SCALE IN GEOTHERNMAL APPLICATICNS,

AUTHOR= ALLENy CoeA«SCRIMMETT, EeSe3MC ATEE, RJE.
{IDARG NATIONAL ENGINEERING LABe.s IDAHC FALLS
- (USA) 1.

REFERENCE= CONFERENCE ON SCALE MANAGEMENT 1IN
GEOTHERMAL ENERGY DEVELOPMENT. U. Ss ERCAy
DIV. OF GELOTHEKRMAL ENERGY, WASHINGTONy CeCey
19764 P. 187-1C8,

DESCRIPTORS= ECONOMICS? EXPERIMENTAL RESULTSS HEAT
TRANSFER: HEAT TRANSFER CGEFFICIENT: SCALINGS
SCALING CONTROL § GEOTHERMAL SYSTEMSS FLUIDIZED
BED HEAT EXCHhAMNGERS RAFT RIVER KGRAS EAST MESA
KGRAS TEST FACILITIES,
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. NAGNER 76
BRINE TREATMENT/SCALING

TITLE- A PRELIMINARY STUDY OF AMGCRPHOUS SILICA
DEPOSITION IN A EENCH-SCALE LIQUID FLUICIZED
BED HEAT EXCHANGER, '

AUTHOR= WAGNERy Kele [ALLIED CHEMICAL CORPORATICN,
IDAHO FALLS, ICAFO (USA) ).

ALLENy CoAs [ IDAHO NATICNAL ENGINEERING
LAB.y» IDAHO FALLSy (USA)I.

REFERENCE~ CONFERENCE ON SCALE MANAGEMINT IN
GEOTHERMAL ENERGY DEVELOPMENTs Ue Se ERCA,
DIVe OF GEOTHERMAL ENERGYy WASHINGTCNy DeCeo
1976, ) Pe 199‘236.

DESCRIPTORS~ ECCNOMI(S? MEASURING METHODSS
GEOTHERMAL BRIMEST HEAT TRANSFER3 SCALING
CONTROLS SILICA MINERALS: AMCRPHOUS SILICA:
FOULINGS FLUIOIZED BED HEAT E£XCHANGERT FILCT
PLANTS? GESTHERMAL POWER PLAMNTSS CALCITE,

172

WILSON 7€
BRINE TREATMENT/SCALING

TITLE- SCALE FORMATIGN AND SUPPRESSICN IN HEAT
EXCHANGE SYSTEMS FOR SIMULATED GEOTHERMAL
BRINI S, ;

AUTHCR= WILSONy JeS» (DOW CHEMICAL CGCes FREEFCRT,
TEX. (USA)],

REFERENCE~ CONFERENCE ON SCALE MANAGEMENT IN
GEOTHERMAL ENCRGY DEVELOPMENT. Ue Se ERCA,
DIVe OF GEQOTHERMAL ENERGYy WASHIMGTCNs CeCays
1976, Pe 207214,

DESCRIPTORS=- GEOTHERMAL BRINESS HEAT EXCHANCGERSS
SCALING.

173

JACKSON 768
BRINE TREATMENT/SCALINC

B-89



TITLE- COMPUTATIONAL METHODS FOR ESTIMATING
PRECIPITATION FR{M GEOTHERMAL BRINES.

AUTHOR=  JACKSONy DeSPIWINSKII, AeJo3MILLER, CeG.

(CALIFORNIA UNIV.y LIVERMORE (USA)3 LAWKRENCE
LIVERMORE LABs1,

REFERENCE=- CONFERENCE ON SCALE MANAGEMENT IN
GEOTHERMAL ENERGY DEVELOPMENTe Us Se ERCA,
DIV, OF GEOTHERMAL ENERGY, WASHIMGTON,y CeCey
19769 P( 227'2“6.

DESCRIPTORS~- CHLORIDISS GEOTHERMAL BRINESS
PRECIPITATION: ELEVATED TEMPERATURES
THEORETICAL TREATMENTS: SALTON SEA GEOTHERMAL
FIELD.

174

. SEANNON 76
BRINE TREATMENT/SCALING
BRINE TREATMENT/CGRROSION

TITLE- THE GECSCALE CCMPUTER MCOEL FOR GEOTHERMAL
PLANT SCALING ANC CORROSION ANALYSES,

AUTHOR = SHANNON, (eWeIWALTERy ReA+33LESSOR,y Olle
{BATTELLE PACIFIC NORTHWEST {(AB.sy FICHLAND,
WASH, (USAY].

REFERENCE= CONFERZINCE ON SCALE MANAGEMENT 1IN
GEOTHERMAL ENERGY DEVELOPMENT. Us Se ERCA,
DIVe OF GEOTHEGRMAL ENERGYy WASHINGTCNy CeCoey
1976y P. 215=2<E,

DESCRIPTORS=- CHEMICAL COMPCSITIONS COMPUTER
CALCULATIONS: CCHRROSION: GEQTHERHAL BRINES?

GEOTHERMAL PCWER PLANTS; MATHEMATICAL MCDELSS
- SCALING.

175

. THIRUVENGADAM 76
BRINE TREATMENT/SCALING

TITLE- CAVITATION DZSCALING TECHNIGUES FCR
GEOTHERMAL APPLICATIONS,

AUTHOR= THIRUVENGADAM, AeP, [DAECALEAN ASSOCIATES,
INCe.s WOOCBINE, MDe (USA) ],

B-90
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REFEREINCE= CONFERENCE ON SCALE MANAGEMENT IN
GEOTHERMAL ENERGY DEVELOPMENT. Ue Se ERTCAy
DIVe OF GEOTHERMAL ENERGYy WASHINGTONg CeCoy
1976y Pe 24T7=2C%E,

DESCRIPTORS= I ROSICNS EXPERIMENTAL RESULTS:
MEASURING METHCLDST FEASIBILITY STUCIESS
GEQTHERMAL ENEFGY; DESCALINGY SCALING: SILICA
MINERALS. '

176

REEBER 76
BRINE TREATMENT/SCALING

TITLE- RESEZARCHy DEVELOPMENT, ANG ENGINSERING NEELS
FOR SCALL MANAGE PENT CF BRINES IN GEOTHERMAL
APPLICATIONS, '

AUTHOR~- REEZERs RaR« {ENERGY RESZARCH ANO
: DEVELOPMINT ADMIMNISTRATION, WASHINGTONs CoeCe
(USA)e GLOTHERMAL DIVISION, TECHNOLCGY
UTILIZATION BRAN(H].

REFERENCE= COMFERENCE ON SCALE MAMAGEMENT IN
GEOTHERMAL ENERGY DEVELOPMENT. Us Se ERDA,
DIVe OF GEOTHERMAL ENERGY, WASHINGTCNs CeCoy
13764 Pe 257=2€2.

DESCRIPTORS~- GEGTHERMAL BRINES: SCALING: SCALING
CONTROLS US ERTA,

177

SMITH 76
BRINE TREATMENT/SCALING

TITLE- TASK OF DEVELCPING CAVITATICN DESCALINC
TECHNIQUES AND HARDWARE FOR SCALED=-UP AND
STOPPED=-UP GEOTHERMAL HEAT EXCHANGER TUBING AND
PIPESssesee ’

" AUTHOR=- SMITH, ReAe (EDs)

REFERENCE=~ GEOTHERMAL REPORT,s V. 5.(21)1 Pe 3=4(NOV
1, 1976). :

DESCRIPTORS= CAVITATI(N EROSIONS GEOTHERMAL EBRINESS
GEOTHZRMAL ENEFGY$ HEAT EXCHANGERSS CESCALINGS
SCALINGS? SCALING CONTROL: SILICA MINERALSS
NILAND.
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WANG 74
3RINS TREATMENT/SFENT FLUIC CISPOSAL
" BRINE TREATMENT/SCALINC

TITLE=- TOTAL WASTE RECYCLE SYSTEM FOR WATER
PURIFICATTON PLANTS USING ALUM AS PRIMARY
COAGULANT

AUTHOR= HWANG, LeKe [RENSSELAER POLYTECHNIC INSTa,
TROYy NeYse (USA). BIO-ENVIRONMENTAL ENGINEERING
BIV.l,

YANGy JoeYo {CALSPAN CORP+y BUFFALOs NoYe
(USA) s ENVIRONPFENTAL SYSTEMS CEPT.D.

REFERENCE=~ ENGINEERING BULLEZTIN COF PURDUE
UNIVERSITY, PRCCEEDINGS OF THE 29TH INDUSTRIAL
WASTL CONFERENCE, MAY 7,8 ANIL 9y 1S744 PART
TWO. PURDUE UNIVey LAFAYETTE, INDes 1974, P
725=733%.

OESCRIPTORS~- CHEMICAL COMPOSITION; CHEMICAL:
PEACTIONSS EXPZRIMENTAL RESULTSS MEASURING
METHODSY FLOCCULATIONS FLOCCULATING AGENTSS
MINERAL RECOVERY: PH ADJUSTMENT: SECIMENTATICNS
WASTC DISPCSALS WASTE WATER.. :

179

AXTMANN 76
BRINE TREATMENT/CCRROSICN
BRIME TREATMENT/SCALING

TITLE- GECTHERMAL CHEMICAL ENGINEERING.

AUTHOR= AXTMANN, ReCe$PECKy LeBs [FRINCETON UNIV,,
NeJs (USA)s DEFTe OF CHEMICAL ENGINEERING}.

REFERENCE= AICHE J.; Ve 22 (5), Po 817-828(SEF
T 1978). o

DESCRIPTORS~ BINARY FLUID SYSTEMS3 CHEMICAL
COMPOSITICONS CORROSIONS ECONCMICSS
ENVIRONMENTAL EFFECTSS FLUID MECHANICS?S
GEOTHERMAL BRINESS GEOTHERMAL ENERGYS
GEOTHERMAL FLUICSs GEOTHERMAL POWER EFLANTSS
GEOTHERMAL RESERVOIRSS HEAT EXCHANGERS?
INJECTION WELLSS RESERVOIR ENGINEERINGS
SCALING: TOTAL FLOW SYSTEM, '
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. MC KAY T4
BRINE TREATMENT/SCALING
BRINE TREATMENT/CORROSION

TITLE- HELICAL ROTARY SCREW EXPANCER POWER SYSTEM,

AUTHOR= MC KAYs ReAs [JET PROPULSICN LABe.y PASADENA,
CALIF. (USA)1. -

SPRANKLE), R;S. {HYDROTHERMAL POWER CGCey
LTOss PASADENAs CALIF. (USA)],

REFERENCE- PROCEECINGE-=-CONFERENCE ON RESEARCK FOR
THE GEVELOPMENT CF GEOTHERMAL ENERGY RESGCURCES,
JET PROPULSION LABey CALIF. INSTe OF TECHe»
PASAUDENAy CALIFes 1974, Pe 301-309.

BESCFIPTOR°- .CORRUSICN? EROSIONS £ XPERIMENTAL
RESULTSS FEASIBILITY STUDIES?: GEOTHERMAL
BRINES: GEOTHERMAL ENERGY? GECTHERNMAL FCHER
PLANTSS PRECIPITATIONS SCALIMNGS TOTAL FLCW
SYSTEM. »

181

MATTHEWS 74
BRINE TREATMENT/SCALING

TITLE~ GECTHERMAL D(wMh=WELL PUMPING SYSTEM,.

AUTHOR= MATTHT WSy KeBeIMC BEE, Wele [SPERRY RAND
RESEARCH CENTER, SUDBURY, MASS. (USA)},

REFERENCE- PROCEECINGS==-CONFERENCE ON RESEARCE FOF
THE CEVELOPMENT (F GEOTHERMAL ENERGY RESCURCES.
JET PROPULSION LAB,, CALIF. INST. CF TECH.,
PASACENA, CALIFe, 197#; Pa 281-291.

DESCRIPTORS= CARBONATES: MEASURING METHMODS:
FEASIBILITY STUCIES: FIELD STUDIES: FLASHING‘
FLOW RATZ3 GEOTHERMAL POWER FLANTS! GEGTRERMAL
WELLSS HTAT EXCHANGERSS HEAT TRANSFERS
PRECIPITATIONS SILICA MINERALS? SURFACE
EQUIPMENTS WELL CASINGS? WellL ODESIGNS WELL
OPERATION.

B-93



182

: AUSTIN 74
BRIMNE TREATMENT/SCALING

TITLE~ THE TOTAL FLOW CONCFEPT FOR GEOTHIRMAL ENERGY
CONVLRSTION.

AUTHOR= " AUSTINs AslL. (CALIFORNIA UNIV.s LIVERMORE
(USA) . LAWRENCE LIVERMORE LABeJ.

REFERENCE= PROCEEGINGS==-CONFERENCE ON RESEARCH FOR
THE DEVELOPMENT (F GEOTHERMAL ENERGY RESCURCES,
JET PROPULSION LABes CALIF, INSTe OF TECHes
PASADENA, CALIFey 1974y Pe 1£€6-193,

DESCRIPTGRS= BRINESY CORROSIONT DISSOLVED SCLIDSS
ERGCSION? EXPERIMENTAL RESULTS: FIELC STUCIESS
FLASHING: GEFOTHERMAL BRINESS MEASURING
INSTRUMENTSS MEA SURING METHOLSS MODERATE
PRESSURLES PRECIFITATIONS SCALING CONTRCLS
ELEVATED TEMFERATURE: THERMOLYNAMICS; TCTAL
FLOW SYSTEMS TUREINE BLADESY SALTON SEA.

183

HOLY 74
ERIMNE TREATMENT/SCALING

TITLE=- INVESTMENT ANC OPERATING CCSTS OF BINARY
CYCLE GEOTHERMAL POWER PLANTS.

AUTHOR~ HOLT, 3.38RUGMAN, Jos [THE BEN HOLT CCe»
PASADENA, CALIF. (USA)).

REFEZRENCE= PROCFE L{INGS=-CONFERENCL ON RESEARCH FOR
THF DEVELOPMENT (F GEOTHERMAL ENERGY RESCURCES.
JET PROPULSICN LABe.y CALIF., INST. OF TECHa»
PASADiINAy CALIFey 1974, Po 2¢2=3G0.

DESCRIPTORS~ 3 INARY FLUID SYSTEMS3 ECONCMICSS
FLASHINGS GEZOTHERMAL POWER PLANTSS HEAT
TXCHANGERS: MOCERATE PRESSURE: SCALING: SCALING
CONTROLS SCRUBBERSS SUSPENDED SCLIDSS ELEVATED
TEMPERATURES NILANDS HEBER KCGRA3 MONO=LCNG
VALLYY KGRA.

B-94
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SUEMOTO 74
BRINE TREATMENT/SCALING
BRINE TREATMENT/SFENT FLUIE DISPOSAL

TITLE- PRELIMINARY RESULTS OF GEGTHZRMAL DESALTING
OPERATIONS AT THE EAST MECSA TEST SITE, IMPERIAL
VALLEY, CALIFORNIA,

AUTHOR~ SUEQOTO, SeHe (BUREAU COF FECLAMATICN,
HOLTVILLE,y CALIF. (USA)).

MATHIAS, KeZe, [BUREAU OF RECLAMATICN,
BOULCER CITYs hEVe (USA)]. )

REFERENCE~ PROCEEOINGS-=-CONFERENCE CN RESEARCH FOR
THE DEVELGPMENT C(F GEOTHERMAL ENERGY RESCURCES.
JET PROPULSION LAB.,y CALIF. INSTe OF TECH.»
PASADENA, CALIFey 1974, P, 225=235.

DESCRIPTORS= CCRRCSICN: DESALINATICONS DISSOLVED
SOLIDSy FEASIBILITY STUDIES3S FLASHING: FLOW
RATES GEOTHERMAL BRINESS GEOTHERMAL WELLSS HEAT
TRANSFER CCEFFICIENTS PH VALLES SODIUM
CHLORIDESSY ELEVATED TEMPERATURES WATER
CHEMISTRYS £AST MESA KGRA.

18¢

BCEGLY 6¢
BRINE TREATMENT=-SPENT FLUIC CISPOSAL

TITLE- THE FEASISBILITY OF DEEP-WELL INJECTICN OF
WASTE BRINE FRCM INLAND DESALTING PLANTS,

AUTHOR= BGEGLYs WeJes JRe3JACOBSy CoeGe SLCNENICK,
TeFeiSEALAND,y OeMe [OAK RIDGE NATIONAL LABas
TENN. , (USA) ).

REFERENCE= THE FEASIBILITY OF DEEF=WELL INJECTICN CF
WASTE BRINE FROM INLAND DESALTING PLANTS,
RCSEARCH AND DEVFLOPMENT PROGRESS KEPORT NO.
432y OFFICE OF SALINE WATER s WASHINGTON,s DeCeo
MAR 1969y 76 Pae ’ :

DESCRIPTORS~- FEASIBILITY STUDIESS CZEP WELLSS

INJECTION WELLS:; BRINES: DESALTING PLANTSS
~ GEOLOGY3 PRE-INJECTION TREATMENTS ECONCMICS,
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, LEGROS 68
BRINE TREATMENT/SPENT FLUIC OISPCSAL

TITLE=- A STUDY OF THE ODISPOSAL OF THE EFFLUENT FRCM
A LAPGE DESALINATION PLANT.

AUTHOR - LEFGROSy PeG S MANDELLI, EoFeSMCILHENNY,
WeF o tWINTHRODJE, DeEetZEITOUN, MeAs [CONW
CHEMICAL CCus MICLAND, MICHe (USA)Y1.

PZQUEGNAT sy WeE o 3BLANTON, WeGo33RIGHT,
TeJoe 3BOTTOMS,y Kete U[TEXAS AGRICULTURAL AND
MECHANICAL UNIVses COLLEGE STATION (USA)),

REFERENCE- A STUDCY CF THE DISPOSAL CF THE EFFLUENT
FROM A LARGE DESALINATION PLANT. RESEARCH AND
DEVELOPMENT PROGRESS REPORT NCe. 316, OFFICE CF
SALINE WATER, WASHINGTON, DeCes JAN 1968, 491
P..

DESCRIPTORS= " DESALIMATIONS DESALTING PLANTSS
CHEMICAL COMFCSITIONS ECONOMICS: ENVIRCNMENTAL
EFFECTSS MONITCRING? SALINITY3 MASSACHUSETTSS
FHODE ISLANDOS CCAMNECTICUTS NEW YORKS NEw
JERSEY3 MARYLANC: VIRGINIA: FLORIDAS TEXAS:
CALIFORNIA,

187

' LEGROS 70
BRINEZ TREATMENT/SFENT FLUIC GISPCSAL

TITLe- SYSTEMS ANALYSIS OF BRINE CISPOSAL FRGM
REVERSEZ OJSMOSIS FLANTS,

AUTHOR= LEGRCSy PsGe3CUSTAFSON, CoeEs SSHEFHKERE,
BePo tMCILHENNE Yy WeFo {DOW CHEMICAL CCoy
MIDLANDy MICHe (USA)).

REFERENCE- SYSTEMS ANALYSIS OF 3RINE OISPGSAL FHROM
REVERSE OSMOSIS PLANTS. RESEARCH ANC
DEVELOPMENT PRCGRESS REPORY NCe 587, OFFICE OF
SALINE WATERe. WASHINGTONs DeCes AUG 197G, 201
P.'

DESCRIPTORS~ ODESALIMATIONS DESALTING PLANTSS REVERSE
OSMOSIS$ ECONOMICSS PRE-INJECTION TREATMENTS
INJECTION WELLSS WASTE DISPOSALS EVAPORATICN
PONDS,
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CCLLINS 75

BRINE TREATMENT/SFENT FLUIC CISPOSAL
BRINE TREATMENT/SCALING

BRINE TREATMENT/CCRROSIGN

TITLE- GEOCHEMISTRY GF OILFIELOD WATERS.

AUTHOR= COLLINS, AsGe [BUREAU OF MINES,

BARTLESVILLE, CKLAs (USA). BARTLESVILLE ENERGY
RISEARCH CENTERI. '

REFERENCE=- GEQOCHEMISIRY COF OILFIELC WATERS,
ELSEVIER SCISENTIFIC PUBLISHING CO.y AMSTERDAM
(METHERLANDS)y 1¢75, DEVELCFFENTS IN PETROLEUM
SCIENCE Yy 1y 496 P,

DESCRIPTORS- ADDITIVESS AQUEOUS SOLUTIONS3? SULFATESS
CALCIUM SULFATESS CHEMICAL ANALYSIS3: CHEMICAL
COMPOSITIONS CHEMICAL REACTICNSs CLAY MINERALSS
CONNATE WATERS CEMINERALIZATIONS DESALINATIONS
DISPOSAL FORMATI(NSS DOLOMITE ROCKS3? ECGNOMICSS
ENVIRONMENTAL EFFECTS: HYDROGECLOGY: INJECTION
PRESSURES INJECTION WELLSS IONIC STRENGTHS
LITHCGLOGY? MEASURING INSTRUMENTS; MEASURING
METHGDS? MINERAL RECOVERYS MONITORING: CILFIELG
BRINESS PERMEABILITYS PLUGGINGS POLLUTICNS
POROSITY: PRECIFITATIONY PRE-INJECTION
TREATMENT S PRESSURE CEPENCENCES CHEMICAL
REACTION KINETICSS REGULATIONSS RESERVCIK
PROPERTIZS? SCALE MONITORINGS SCALINGS SCALING
CONTROLS SEDIMENIARY ROCKS3 SEISMOLGGYS SILICA
SOLUBILITY: SILICATESS SODIUM CHLORICESS
SOLUBILITY: STHARGNTIUM SULFATESS SURFACE
EQUIPMENT 3 SUSPENCED SCLIDS: ELEVATED .
TEMPLRATURES TEZMFERATURE DEFENDENCES LOW
TEMPERATURE,

189

CSTROFF 65

BRINE TREATMENT/SPENT FLUIC DISPCSAL
BRINE TREATMENT/SCALING

BRINE TREATMENT/CCRROSION

TITLE- INTRODUCTION TC OILFIELD WATER TECENCLCGY.

AUTHOR= OSTROFF, AeCGe [SOCONY MOBIL OIL CGes INCe,
PRINCETONy NoeJo (USA)e FIELD RESEARCH LABele
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REFERENCF~- INTRODUCTICN TG OILFIELC WATER
TECHNOLOGY. PRENTICE=HALLy INCes ENCGLENKCOD
CLIFFSy NeJey 1565, 412 P..

OESCRIPTORS= WATEF PCLLUTIONT LEGAL ASPECTSS ERINE
TREATMENT: BACIERIA: FILTRATION: OILFIELCD
S8RINES? SCALINGS SCALING CONTRCLS CARBCNATESS
SULFETESS? SILICA MINERALSS WATER ANALYSISS
CORROSION; CORRKRGSION PROTECTICNS UNCERGRCUNO
DISPCSAL: WAST: [ISPOSAL: MICROORGANISNMS3S
COAGULATIONS SZCIMENTATIONS AERATION?
DEGASIFICATIONS FRE=INJECTION TREATMENTS
BOILERS: COOLING SYSTEMS,

199

AWWA 712

BRINE TREATMENT/SPENT FLUICG CISPOSAL
BRINE TREATMENT/SCALING

BRINE TREATMENT/CCRROSION

TITLE- WATER QUALITY ANDC TREATMENT. A HANCECCK OF
PUBLIC WATER SUPFLIES,

AUTHOR= THE AMERICAN WATER WORKS ASSOCIATICN,y INCe.

REFERENCE=- WATER QUALITY AND TREATMENT. A HANDBOCK
OF PUBLIC WATER SUPPLIESe 3RL EDes MCGRAW=HILL
BOOK COes NEW YCGRKy NoYe (USA)y 1971, €54 Pe,

DESCRIPTORS- WATER QUALITYS BRINE TREATMENTS
FLOCCULATIONS FILTRATION; CHEMICAL REACTIONSS
CORROSIONS DzSALINATION: WASTE MANAGEMENT.

191

STEVCVICK 75

BRINE TREATMENT/SCALING

BRINE TREATMENT/CCRROSION

BRINE TREATHENT/SPENT FLUIOD CISPOSAL

TITLE- GECTHERMAL ENERGY.

AUTHOR= STEVOVICHs VeAes [INFCORMATICS INCes
ROCKVILLLy MCs(LSA)].

REFCRCNCE= GEUTHERMAL ENERGYe AC/A=022 0S4,

INMFOFRMATICS INCey ROCKVILLE,, MDey NGV 1975, 523
Peo .

B-98
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DESCRIPTORS- GEOTHERMAL FIELDS? GEGCTHERMAL FLUIDSS
PIPELINESY CORRGSIONS: SCALING3 DESALINATIONS
MINERAL RECOVEFRY; ECONOMICS: ENVIRONMENTAL
EFFECTS.

192

’

CHOU 74
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCREOSION

TITLE~- REGENFRATIVE VAPOR CYCLE WITH ISOBUTANE AS
WORKING FLUID,.

AUTHOR -~ CHOUy JeCoSe JAHLUWALIA, RoeKe $WOO0y EeYeK,
A {HAWAII UNIV.y RONOLULU (USA), (OLLEGE OF
ENGINLERING) .,

REFEREMCE= GEOTHERMICS, Ve 3 (3)y Pe 93=-99(SEF
1974) .

DESCRIPTORS- BINARY FLUID SYSTEMSS CORRCSION;S
DESALINATICNS: GEOTHERMAL POWER PLANTSS FEAT
EXCHANGERSS PRESSURE DEPENDENCES$ SCALINCS
TEMPIRATURE DEPENDENCE.

193

YANAGASE 70
BRINE TREATMENT/SCALING

TITLE~ THE PROFERTISS OF SCALES AND METHOOS TO
PREVENT THEM.

AUTHOR=  YANAGASE, T+3SUGINOHARA, Y, (KYUSHU UNIV.,
FUKUOKA (JAPAN) o+ FACULTY COF ENGINEERINGI,

YANAGASE, Ko [KYUSHU ELECTRIC POKWER CGCay
INCes s FUKUOKA (JAPAN)s RESEARCH DEPT.].

REFERENCE=- GEOTHERMICS,y SPECIAL ISSUE 29 Ve 2 (2)y
po 1619‘1623(1970)0 ’

DESCRIPTORS= CALCITES CHEMICAL ANALYSIS: CHEMICAL
. COMPOSITICNS BRINE TREATHMENTS] EXPERIMENTAL
RESULTS? MEASURING METHODS: PIPLLINESS SCALINGS
SCALING CONTROLS SILICA MINERALSS SODIUM
CHLORIDESS SURFACE FQUIPMENTS; TINME DEPENDENCES
OTAKE GEOTHERMAL FIELD: JAPAMN,
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: WEHLAGE 76
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRRCSION

TITLE~- GECGTHFERAMAL ENERGYe NEFDEC--EFFECTIVE FREAT
TRANSFER CQUIPMENT,

AUTHOR= WCHLAGE, FeFs [INTERNATIONAL SOCIETY FOR
GEOTHERMAL ENGINEEZERING, WHITTIER, CALIF. (USA)],

REFERENCEL = Ve 98 (8)y Pes 27=33(AUC 1976) .

DESCRIPTORS~ 3INARY FLUID SYSTEMS: CCRROSIONS
DISSOLVED SOLIDS?: ECONGMICSS GEOTHERMAL ENERCYS
HEAT E£XCHANGERS: SCALING: SILICA MINERALSS
TEMPIRATURE OL FENDENCE.

195

MAHON 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE= CHLMISTRY IN THE EXPLORATICN AND EXPLCITATION
OF HYDROTHERMAL SYSTEMS.

AUTHOR= MAHON, WeAsJe [DEPARTMENT CF SCIENTIFIC AND
INDUSTRIAL RESEARCH (NEW ZEALAND) . CHKEMISTRY
DIVels

REFERENCE= GEOTHERMICS, SPECIAL ISSUE 2, Ve 2 (2),
Pe 1310-1322(1¢72),

DESCRIPTORS~= AGQUIFEFRS: CHEMICAL CCMPOSITICNjS
CHLORIDESS: FLOW RATE: GEOCHENMISTRY: GECTHERMAL
RESERVOIRSY GEOTHERMAL WELLSS HEAT FLCW3S
MONITORING! PH VALUES QUARTZ; SILICA MINERALSS
SOLUBILITY: ELEVATED TEMPERATURES; TEMPERATURE
DEPENCENCES WAIRAKEI GEOTHERMAL FIELGS

 BROADLANDS GEGTFERMAL FIELDS WAIOTAPU
GEOTHERMAL FIELG: ORAKEIKORATC GEOTHERWMAL
FIELD? NGAWHA GEOTHERMAL FIELCS NEW ZEALAND.

196

KRYUKOV 70
BRINE TREATMENT/SCALING
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TITLE=- PHYSICO=-CHEMICAL SAMPLING CF HIGH-TEMFERATURE
WELLS IN CONNECT ION WITH THEIR ENCRUSTATION 8Y
CALCIUM CARBONATE,

AUTHOR= KRYUKDV, P, 24 3LARTIONOV,y EosGs (ACAD. CF
SCIENCES, NOVOSIBIRSK (USSR)e INST, OF
INORGANIC CHEMsy SIBERIAN DIVele

REFERENCE= GEOTHERMICS, SPECIAL ISSUE 2, Ve 2 (20,
Pe 1624=1628(1970),

DESCRIPTOKRS- CARBONATES:  CHEMICAL ANALYSIS?

' EXPERIMENTAL RESULTS? GEOTHERMAL WELLSS
MEASURING INSTRUMENTSS MEASURING METHOCSS PH
VALUE 3 SCALING: TEMPERATURE LCGGING:?
BOLSHEBANNY GEOTHERMAL FIELGS PAUZHETSK
GEGTHERMAL FIELCS USSR.

197

, ELLIS 75
BRINE TREATMENT/SCALING

TITLE~ GECTHERMAL SYSTEMS AND POWER DEVELOPMENT.

AUTHOR= ELLIS, Asdo [CEPARTMENT CF SCIENTIFIC AND
INDUSTRIAL RESELRCHs PETONE (NEW ZEALANC).
CHEMISTRY DIVels ' '

REFERENCE= AMe SCIey Ve634 P, 510-52i(SEP-0CT 1975),

DESCRIPTORS=- CARBCNATES: CHEMICAL COMPOSITICNS BRINE
TREATMENT? GEOCKEMISTRY: GEOTHERMAL BRINESS
GEOTHERMAL ENERGY; GEOTHERMAL FIELDSS
GEOTHERMAL POWER PLANTSS GEOTHERMAL WFLLS:
GROUND SUBSIDEMES HEAT TRANSFERS
POLYMERIZATIONS FRECIPITATICNS RESERVCIK
PROPERTIf St SCALING: SILICA FMINEFRALS:
TEMPLRATURE GRACIENTS.

198
QUONG 76

BRINE TREATMENT/SCALING

TITLE- THi LLL GEQTHERMAL INDUSTRIAL SUPPCRY PRCGRAM
IN CHEMISTRY ANC MATERIALS FCR FY76T AND FY?7.

AUTHOR- QUONGy Re [CALIFORNIA UNIVes LIVERMGRE
(USA). LAWRENCZ LIVERMORE LAB.).
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REFERENCE- THD LLL GEOTHERMAL INDUSTRIAL SUPPORT
PROGRAM IN CHEMISTRY AND MATERIALS FOR FY76T
AND FY77. UCID=17209, CALIFCRNIA UNIV.,
LAWRENCE LIVERMCRE LABey LIVERMORE,y CALIF.,
1376, 24 P.,

DESCRIPTORS= BRINE TREATMENTS: BRINESS CHEMICAL
ANALYSIS? CHEMICAL COMPOSITICNS CORRCSICNS
CORROSION MONITCFING: CORROSICON RESISTANT
ALLOYS: OISSOLVEL SOLIDS; EXPERIMENTAL RESULTSS
FATLURESY FIELD STUDIESS INJECTION WELLSS
MEASURING INSTRUMENTSS] MEASURING METEOCSS
MONITORINGS PH ALJUSTMENT: PH OEPENCENCE:
POLYMERIZATICONS PRECIPITATIONS CHEMICAL
REACTION KINETICS3 SCALE COMFCSITIONS SCAL INGS
SCALING CONTROLj; SILICA MINERALS: SUSPENCED
SOLIDSS TEMPERATURE DEPENGENCES IMPERIAL VALLEY.

199

RCTHBAUM 76
BRINE TREATMENT/SCALING

TITLE- REMOVAL OF SIL]CA.AND ARSEMNIC FROM GECTHERMAL
DISCHARGE WATERS BY PRECIPITATICN OF USEFUL
CALCIUM SILICAIES.

AUTHOR~= RUTHBAUM, HeF,3ANDERTON, 8.He [(DEFARTMENT OF
SCIENTIFIC ANG INDQUSTRIAL RESEARCH, FETONE (NEW
ZEALAND)e CHEMISTRY OIVeds

REFERINCE= PROCEECINGS=-=SECOND UNITED NATICNS
SYMPCSIUM ON THE DEVELOPMENT ANC USE CF
GEOTHERMAL RZSSURCESe CALIFORNIA UNIVes
LAWRENCE EERKELEY LABey, BERKELEYy CALIFey 1976,
Ve 29 Pe 1L17=-1425, ’

DESCRIPTORS~- CHEMICAL ANALYSIS: CHEMICAL
COMPOSITICNS BFINE TREATMENT: COLLOIOAL SILICAZ
CEMINERALIZATIONS ©EXPERIMENTAL RESULTSS
MEASURIMNG METHOGSS FLOCCULATICNS FLCCCULATING
AGENTSS GEOTHERMAL BRINESS{ MINERAL RECCVERY?
POLYMERIZATICNY SILICA MINERALSS SILICATES:?
WAIRAKEI GEOTHEZRMAL FIELDS BRCADLANDS
GCOTHERMAL FIELGY NEW ZEALANC.

2¢G

THCREALLSSON 76
BRINE TREATMENT/SCALING

}
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TITLE~ RAPID SCALING OF SILICA IN TWO DISTRICT
HEATING SYSTcMS.

AUTHOé- THORHALLSSONy S+ 3RAGNARS, Ks JARNCRSSCN,
SetKPISTMANNSDOTTIR, He [NATICNAL ENERCY
AUTHORITY, REYKJAVIK (ICELANL)].

REFERENCE~ PROCEEOINGS==SECOND UNITED NATICNS
SYMPOSIUM ON THE DEVELOPMENT ANO USE CF
GEOTHERMAL RESOURCES. CALIFCRNIA UNIVe,
LAWRENCE BERKELE ' LABsy BERKELEY, CALIF.s 1976,
Ve 2o Pe 1“‘05‘1‘0‘09- .

DESCRIPTORS- AMCRPHROULS SILICA: CHZMICAL ANALYSISS
EXPERIMENTAL RESULTS: MEASURING MZTHOCSS
GSOTHcRMAL ENERCYS GEOTHERMAL WELLSS PH VALUES
SCALINGS SILICA MINERALST: NAMAFJALL GECTHERMAL
FIELOY HVERAGERGI GEOTHERMAL FIELD: ICELAND.

201

. EPA 72
3RINE TREATMENT/SPENT FLUIC CISPGSAL

TITLE- SUBSURFACE WATER POLLUTION=-=-A SELECTIVE
ANNOTATED BIBLICGRAPHY. PART I, SUBSURFACE
WASTE INJECTIONS '

AUTHOR = ENVIROKMENTAL PROTECTION AGENCY, WASHINGTCN,
DeCe (USA)e OFFICE GF WATER PROGRAMS,

REFERZNCE- SUBSURFACE WATER POLLUTION=--A SELECTIVE
ANNOTATED BIBLICGRAPHY, PART I, SUBSURFACE
WASTt INJECTION. ENVIRONMENTAL PROTECTICN
AGENCYy WASHINGTIGNy DeCey MAR 1972, 15€ Fao

DESCRIPTORS=- INJECTICN WELLSS INJECTICNS WASTE
DISPOSALS WASTES: GROUND WATERS WASTE WATER3
HYDRCDYNAMICS; GEOCHEMISTRYS FLUID MECHANICS:
HYDROGEOLOGY; RCCK PROPERTIESS WASTE
PROCESSING; UNCERGROUND DISFCSAL.

262

‘ RIMA 71
BRINE TREATMENT/SPFENT FLUIC CISPOSAL

TITLE- SUBSURFACE WASTE DISPOSAL 8Y MEANS CF
WELLS==A SELECTIVE ANNOTATED BIELIOGRAFFY,
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AUTHOR= RIMA, DeReICHASE, F+BsIMYERS, BeM,
{GEOLOGICAL SURNVEYsy WASHINGTCN, D.Ce (LSA)).

REFERENCE= SU2SURFAC{ WASTE DISPUSAL BY MEANS OF
WELLS~=A SELZCTIVE ANNOTATED EIBLIOGRAFPEY.
GEOLCGICAL SURVEY WATER SUPPLY PAPER 2020,
GEQOLOGICAL SURVEY, WASHINGTON, GeCes 1971, 385
Pos

DESCRIPTORS= INJECTIGN WELLSS WASTE DISPCSALS
IMDUSTRIAL WASTES: BRINESS GRCUNDG WATERS
HYDRODYNAMICSS HYDROGEOLOGYt GEOCHCMISTRYS ROCK
PROPERTIZ S FLUI( MECHANICS: ENVIRONMENTAL
EFFECTS.

: TOFFLEMIRE 70
BRINZ TREATMENY/SPENT FLUIC CISPOSAL

TITLE- OE{P=WTLL INJECTION (LITERATURE REVIENK).

AUTHOR= TOFFLEMIRE, TeJs (WATER POLLUTION CCNTROL
FECEFATION, WASHINGTONy DsCe (USA)1.

REFERENCE= Jeo WATER FOLLUT. CONTRCL FEDes Vs 42 (€),
Pe 1231-1235(1¢78)%

DESCRIPTCRS~ INDUSTRIAL WASTES: DEEP WELLS:®
INJEFCTION WELLS? WASTE WATERS PRE-INJECTION
TREATMENTY WAST: DISPOSALS GEOQLOGY.

204

YCSHIDA 69
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- CORROSION CONTFOL IN GECTHERMAL STEAW
TURBINES.,

AUTHOR=  YCSHIDAs He?HCASHI,s JoSMIVYAZAKIs Me I[TOKYO
SHIBAURA ELECTRIC CO.y YOKOHAMA (JAFAN),
TUFBINE WORKSJ.

REFERENCE~ PROCEEOINGS OF THE AMERICAMN POKER

CONFERENCEs 1968, AMERICAN FCWER CONFERENCE »
CHICAGO, ILL.' 1‘.69, Ve 30’ Pe 965'9730
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WS 7895 4

DESCRIPTORS- CHEMICAL COMPOSITIONS CORRCSICNS
CORROSION PROTECTION:? CORROSIGCN FESISTANT
ALLOYSs EXPZRIMENTAL RESULTS; GEOTHERMAL
FLUIDSS GEOTHERMAL POWER PLANTS? MEASURING
METHODSS PITTIMNG CORROSIONS SCALINGS SILICA
MINERALS: STRESS CORROSIGNS TURBINES? MATSUKAWA
GEOTHERMAL FIELDS JAPAN.

265

CARTER 74
BRINE TREATMENT/CCRROSICN

TITLE- CORROSION RESISTANCE OF SOME COMMERCIALLY
AVAILABLE METALS AND ALLOYS TC GEOTHERMAL
BRINES, '

AUTHOR= CARTER: JoPo3CRAMER, SoD. [BUREAU OF MIMES,
COLLLGE PARKy Mie (USA)s COLLEGE PARK :
METALLURGY REZSEARCH CENTERI], ’

REFERENCE- CGRROSION PROBLEMS IN ENERGY CGNVERSION
AND GENERATION., THE ELECTROCHEMICAL SCCIETY.
CORROSION DIVey PRINCETONy Nedes 1974, F.

240 =250, ' . -

DESCRIPTORS~- CORRCSIONS CORROSION RESISTANT ALLOYSS
-DISSCLVED SOLIDSY EXPERIMENTAL RESULTSS
GEOTHERMAL BRINESS IRON OXICES; MEASURING
METHCDS® MOOERATF. PRESSURESY PITTING CORRCSIONS
STRLSS CORFROSIONS SLEVATED TEMPERATURES EAST
MESA KGRA* NILANLY IMPERIAL VALLIY?: USA, B

CRAMER T4
BRINE TREATMENT/CORROSION

TITLE=- SOLUBILITY GF CXYGEN IN GECTHERMAL BRINES.

AUTHOR= CRAMER, SeD. [BUREAU OF MIM:S, CCLLEGE PARK,
MDe (USA)s COLLIGE PAFK METALLURGY RESEARCH
CENTER] ‘

REFERENCK= CGRROSION PROBLEMS IN ENERGY CONVERS ION
AND GENERATION., THE ELFCTROCFEMICAL SCCIETY,
CORRCSION DIVey PRINCETONs NeJdey 1974, P
251~262, o
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OESCRIPTORS~- CHEMICAL ANALYSISS CCRROSIONS
EXPERIMENTAL RESULTS: GEOTHERMAL BRINESS
INJECTION WELLS § MEASURING METHODS: MODERATE
PRESSURE: SOLUBILITYS MODERATE TEMPERATURES
ELEVATED TEMPEFATURE: THEORETICAL TREATMENTS:
THERMODYNAMICS,

207

HERMANNSSON 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- CORROSION CF METALS AND THE FORMING CF A
PROTECTIVE CCATIMNG ON THE INSIDE OF PIFES
CARRYING THERMAL WATERS USED BY THE REYKJAVIK
MUNICIPAL DISTHRICT HEATING SERVICE.

AUTHOR= HERMANNSSON, Se [REYKJAVIK MUNICIFAL
DISTRICT HEATING SERVICE, REYKJAVIK (ICELAND) 1.

REFERENCE- GENTHZRMICS, SPECIAL ISSUE 24 Ve 2 (2),
Pe 1502-1612(1970),

DESCRIPTORS- AMORPHCUS SILICA; CHEMICAL COMFOSITICN:
CHEMICAL REACTICNSS COLLOIDAL SILICAS
CORROSIONS CORRUSION INHIBITCRS; CCRRCSICN
RESISTANT ALLOYS: GEOTHERMAL FLUIDS: IRCN
OXIDFEST MEASURING METHODSS PH DEPENDENCES
PIPELINESS SCALE COMPOSITION; SCALING3 SILICA
MINEFRALSY SILICA SOLUBILITYS SILICATES: TIME
DEPENDENCES REYKJAVIKS ICELANC,

MARSHALL 57
BFINE TREATMENT/CCRROSICN

TITLE~- CORRUSION BY LCW=PRESSURE GECTHERMAL STEAM,

AUTHOP = MARSHALL,y T.3HUGILL, AeJes (DEPARTMENT GF

SCIENTIFIC AND INDUSTRIAL RESEARCH, WELLINGYON .
(NEW ZcALANC)e GCMINION LAB.1.

REFERINCL- COXROSIONy Ve 134 Pe 329T=337T(MAY 1957),

GESCRIPTORS~- CFEMICAL COMPOSITION? CGRRCSICNS
CORROSION KESISTANT ALLOYSS EXPERIMENTAL
RISULTS3 MEASURING METHODS: FLOW RATE:
GEOTHERMAL FLUICS? STRESS CORRGSIONS WAIRAKEI
GLOTHIPMAL FIELGS NEW ZEALANL,.
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MARSHALL 73
BRINE TREATMENT/CCRROSION

TITLE=- CORROSION CONTFROL IN GEOTHEFRMAL SYSTEMS,

AUTHOR= - MARSHALL, T.3ERAITHWAITE, WeRke (CSPARTMENT
OF SCIENTIFIC AN[ INDUSTRIAL RESCARCH (NEW
ZEALAND)e CHEMISTRY DIVale

REFERENCE=- GECTHERMAL ENERGYs Pe 151-160 (EARTH
SCIENCES, 12)(1€73).

DESCRIPTORS- CHEMICAL COMPOSITIONS COOLING TCKWERS:
CORRCSIONS CORRCSION PROTECTICNS CGRRCSICN
RESISTANT ALLOYS; EROSIONS GtOTHERMAL ERINESS
GEOTHERMAL PGWEIR PLANTSS PIPELINESS FITTING
CORPOSIONS STRESS CORROSION: SURFACE EGUIPMENT:
TURBINES.

216

AKIBA 70
BRINE TREATMENT/SCALING
BRINE TRZATMENT/CCRRCSIGN

"TITLE= MECHANICAL FEATURES OF A GEGTHERMAL PLANT,

AUTHOR= AKIBA, Ma [TCKYCO SHIBAURA ELECTRIC CCe»
LTDes (JAPAN)s TURBINE ENGNGe DEPT. 1.

REFERFENCE= GENTHERMICS, SPECIAL ISSUE 24 Ve 2 (2),
Pe 1521-1529(1¢70).

DESCRIPTORS= CHEMICAL COMPCSITIONS CORRCSICNS
GEOTHERMAL POWER PLANTSS SCALE COMPCSITICNS
SCALINGY STRESE CORROSION: SULRFACE EQUIFMENT:
TURBINE BLADESS TURBINESS MATSUKAWA GECTEERMAL
FIELDS CERFO PRIETO GEOTHERMAL FIELOS GEYSERS
GEOTHERMAL FIELLs JAPAN.

211

ANCERSON 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CORROSION

TITLE- A VAPOR TURBINE GEOTHERMAL FOWER FLANT.
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AUTHOR=  ANDERSCNy JeFe [CONSULYTING ENGINEER, YORK,
Phe (USA)T. :

REFERENCE= GEOTHZRMICS, SPECIAL ISSUE 24y Ve 2 (2),
Pa 2230-1532(2¢78),

DESCRIPTORS~ GELOTHERMAL POWER PLANTS: 3INARY FLUIG
SYSTEMSS TUREINEST MODERATE TEMPERATURES
ELEVATED TEMPERLITURE,

212

KOGA 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSICN

TITLE~ -GECCHEMISTRY CF THE WATERS DISCHARGEC FROM
DRILLHOLES IN THZ OTAKE ANC HATCHOBARU AREAS,

AUTHOR= KOGAy A+ [ KYLSHU UNIVey BEFPU (JAPAN).
INSTITUYZ OF BALMEOLOGY],

REFZRENCE=- GEDTHERMICSs SPECIAL ISSUE 2, Ve 2 (2)4
Pe 1422-1125(4¢70),

- DESCRIPTORS= GEOCHEMISTRY?: CHEMICAL COMFOSITICNS
GEOTHERMAL BRIMESS DEEP WELLSY GTAKE GECTHERMAL
FIELDS HATCHOBARU GEOGTHERMAL FIELD: JAFAN,

213

MASHIKC 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE= NEW SUPPLY SYSTEMS OF THERNMAL WATERS TC A
WIDE AREA IN JAFAN.

AUTHOR= MASHIKO, Ye [HOT SPRING RESEARCH INSTITUTE
(JAPAR) 1.

HIRANO, Yo [SCCIETY COF ENGINEERS FOR MINERAL
SPRINGS (JAPAN) 1.

REFERENCE~ GEOTHERMICS,s SPECIAL ISSUE 29 Ve 2 (2),
Pe 1592=-1E:935(1<7C).

DESCRIPTORS~= - GEOTHERMAL FLUIDS? MCOERATE

TEMPERATURESs CASE HISTORIESS PIPELINES?S
CORROSIONS SCALINGS CALCITES JAPAN.
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SHCHEREAKOV 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/ZSFINT FLUID CISPOSAL

TITLE- THERMAL WATERS AS A SOUKRCE FOR EXTRACTION CF
CHEMICALS

AUTHOR=  SHCHERBAKOV, AeVe, [AN SSSRy MOSCCW,.
GEOLOGICHESKIJ INSTe1l, '

UVOROVy VeIe [AM SSSR, MOSCOWe INST.
GEOLGGII FUDNYKF MESTOROZHOENII, PETROGRAFII,
MINERALOGII I GEOKHIMIII,

REFERENCE=- GEOTHERMICS, SPECIAL ISSUE 24 Ve 2 (2),
P, 1636=1€33(1570).,

DESCRIPTORS= GEOTHERMAL BRINEST GECLCGY: CHEMICAL
COMPCSITIONS MINERAL RECCVERYS: USSR,

21¢

WERNER 78
BRINE TREATMENT/SCALING
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLZ- CONTRIBUTICNS 7O THE MINERAL EXTRACTICH FRCHM
SUPERSATUFATELD GEOTHERMAL SRINES, SALTCN SEA
AREAy CALIFORNIZ.

AUTHOR= WERNER, HeHe

REFERENCE= GEDTHERMICS

Sy SPECIAL ISSUE 24 Ve 2 (2},
Pe 1€51-165%(1S73).

DESCRIPTORS~ GEOTHE RMAL BRINES? CHEMICAL
COMPOSITIONSY MINZRAL RECOVERYS: SCALF
COMPOSITION: SALTON SEA.

216

HANCK 76
BRINE TREATMENT/CCRRCSION

TITLE- COFRROSION STUCLIZS AT THE GEYSERS POWER PLANT,
ABSTRACT NO. 10€.
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AUTHOR= HANCK, Jo Ao SNEKDKSAy GotFRIEQORICH, SeJe
[PACIFIC GAS ANC ELECTRIC CO.s SAN RAHGNQ
CALIFfs (USA), OEFT, OF ENGINEERING RESEAKCH].

REFERENCE~- EXTENDED AESTRACTS, 15(GTH SOCIETY
MEETINGs VOLe 76-2., THE ELECTROCHEMICAL
SOCISTY,y INCey FRINCETONy NeJesy 1976, Fo
297=-299,

DESCRIPTORS- GEOTHERMAL POWER PLANTS; PITTING
CORRCSIONS CORRGSIONS CORROSICN RESISTANT
ALLOYSS CORRGSICN MONITORINGS MEASURING
INSTRUMENYSS MCEASURING METHCLSS EXPERIMENTAL
RESULTS: HYDROGEN SULFIDESY CREVICE CCRRCSIONS
EROSIONS GEYSESFS GEOTHERMAL FIELD.

217

REOCES 76
BRINE TREATMENT/CCRROSION

TITLE- CORROSION HECHANISMS CF CARBON STEEL IN
AQUEDOUS H2S SOLUTIONSe. ABSTRACT NO. 107,

AUTHOR= RHODESy PsRe [SHELL DEVELGFMENT CGey
HOUSTON,y TEX. (LSA))e

REFERTNCLE- EXTENDED AFSTRACTS, 150TH SOCIETY
MEETINGy VOL. 7€=2. THE ELECTROCHEMICAL
SOCITTYy INCey FRINCETONs Nedey 1976y F.
300=-2C2.

DESCRIPTORS=- HYCDROGEN SULFIDESY CORROSION® MEASURING
METHODSY EXPEIRIMENTAL RESULTS: PH VALUE.

218

CRAMER 76
BRINE TREATMENT/CCRRGSION

TITLE- THE EFFECT GF DISSOUVED GASES ON THE
CORROSION OF METALS IN GECTHERMAL BRINES,
ABSTRACT NO. 103,

AUTHOR= CFAMERP, S.D. [BUREAU OF MINES. COLLEGE PARK,
MDa (USA)e COLLECE PARK METALLURGY RESEARCH
 CENTLRI,

REFERENCE= £ XTEND:tD AESTRACTS, 15CTH SOCIETY
MEETINGs VOL. 76-2. THE ELECTRGCHEMICAL

B-110



CP P rEHT UsBn 7

SOCIETYy INCay FRINCETON, Noeday 1976, P
303=3C4,

DESCRIPTORS~ CORROSICNS GFEOTHERMAL BRINESS MEASURING
METHODS ¢ EXPERIMENTAL RFSULTSY FH VALUE?Y
CHEMICAL COMFCSITION: CREVICE CCRRCSICNS STRESS
CORROSIONY £AST MESA KGPAS SALTCN SEA
GEOTRZRMAL FIELLD,

2189

SHANNCN 768
BRINE TREATMENT/CCRRGSION

TITLE= THi ROLE OF CFSMICAL COMPONENTS IN GECTHERHAL
BRINFS ON THE CORROSION OF METALS. ABSTRACT
NO. 109,

AUTHOR~ SHANNON, CeWe (BATTELLE FACIFIC NCRTHWEST
LA8S.y RICHLAND, WASHe. (USA)1],

REFERENCE= I XTEMNDED ASSTRACTSy 1S5GTH SOCIETY
MEETING, VOLe 7€-2s THF ELECTROCHEMICAL
SOCIETYy INCey PRINCETONy NoeJey 1976, P
3E5~306. ‘

DESCRIPTORS= CHEMICAL COMPOSITIONS CHEMICAL
PEACTIONS ¢ GECG THERMAL BRINES; CGRROSION;S
CORROSION RESISTANT ALLOYS: MEASURING METHOODS:
EXPERIMENTAL RESULTS: HYDROGEN SULFIOESS PH
VALUE: MODERATE TEMPERATURE: ELEVATED
TEMPERATURE .

22t

POSEY 76
BRINE TREATMENT/CCRROSION

TITLE- ELECTROCHEMICAL ASPECTS OF CORROSICN CF IRON
AND STEFLS IN SYNTHETIC BRINESe ABSTRACT NO.
110.

AUTHOR= POSEY, FeAe¢3tFALKO, AeAs [CAK RIDGE NATIONAL
LABes TENNe (USA), CHEMISTRY CIVels

REFERENCE= EXTENDED AEBSTRACTS, 150TH SOCIETY
MEETING, VOLe 76=2. THE ELECTROCHEMICAL
SOCIETYs INCey PRINCETON, NoedJes 19764 F,
307=308.
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CESCRIPTOKS= CLECTRCCHEMICAL CORRCSIONY GECTHERMAL
BRINLS; BRINES: CORROSION: CCRROSION RESISTANT
ALLOYSY ME ASURING METHOGSS EXPERIMENTRL
RESULTSS CARSCMATESS CHLCRIDESS SULFIDESS PH
VALUE ¢ MODLRATI TEMPERATURES ELEVATED
TEMPURATURES PITTING CORROSICNS SCALING.

221
CCHWNS 768
BRINE TREATMENT/CGRROSION
BRINE TREATMENT/SCALING
TITLE- EXPERIMENTAL €VALUATION OF THE GECCHEMISTRY

OF GCOTHZIRMAL SYSTEMS.,

AUTHOR= DOWNS, WeFo2BARPNESy HelLe [FENNSYLVANIA STAYE
UNIVes UNIVERSITY PAFK (USA). DEPT. OF
GEOSCIENCES).

REFEZRENCE= EXTENDED AESTRACTYS, 153TH SOCIETY
MEETING. VOL. 7€=-2. THE ELECTROCHEMICAL
SOCILTY, INCes FRINCETON, NoJeoy 1976, ABSTRACT
NO. 1114 P. 309=310,

CESCRIPTORS~ GEOTHERMAL SYSTEMS: GEOQOCHEMISTRYS
EXPEFIMENTAL MOCELS: DYNAMIC SYSTEMS: ERINESS
GECTHERMAL FLUTI{SS ROCKSS ROCK=FLUIO
INTERACTIONSS PMINERALSS SCLUBILITYS SILICA
MINZRALS: SCALIMNG: PRECIPITATIONS SILICA
CHEMISTRYS. QUARTZ, CHEMICAL REACTION KINETICS
HEAT EXCHANMGERSS LASL.

222

LIU 76
BRINE TREATMENT/CCRFOSION
BRINE TREATMENT/SCALING

TITLE- VAPOR PRESFUSRE LOWERING OF A SYNTHETIC
GEOTHERMAL BRINz AT E£LEVATELD TEMPERATURES.

AUTHOR= LIUy CeTe [WESTINGHOUSE RESEARCH LAES«»
PITTS3URGH, PA. (USA)1,

REFERZNCE= EXTENDED ABSTRACTS, 150TH SOCIETY
MEFTING, VOLe 76~2s THE ELECTROCHEMICAL
SOCIFETYs INCes PFINCETON, Nedey 1976y ABSTRACT
NO. 112’ Pe 3112312,
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DESCRIPTORS- THERMOOYMNAMIC PROPERTIES%Y GEQTHERMAL
BRINESS VAPDR PRESSURES OSMOTIC COEFFICIENTS
TEMPERATURE DEPEMDENCES MOOERATE TEMPERATURES
ELEVATED TEMPERATURES CCNCENTRATION OCPENDENCES
SODIUM CHLORIDES? EXPERIMENTAL RESULTS,

- 223

CRAMER 768
BRINE TREATMENT/CCRROSION
BRINE TREATMENT/SCALING

TITLE=- THE. THERMODYNAPICS OF GASES DISSOLVEC IN
BRINL S

~ AUTHOR=- CRAMER, S.0, [(BUREAU OF MINESs COGLLEGE PARK,
' MD., (USA)e« COLLEGE PARK METALLURGY RESEARCH
CENTER] ., .

REFERENCE= EXTENDED ABSTRACTS, 153TH SOCIETY
MEETINGy VOLe 76=2e THE ELECTROCHEMICAL
SCCILTYs INCey FRINCETON, Nedes 1376, AESTRACT
NOo 113+ Pe. 313-314,

DESCRIPTORS~ THERMOOYNAMICS: DISSCLVED GASESS
: GEOTHERMAL BRINESS OXYGENS CARBON ODICXICES
METHAMNE 3 SCLUBILITY: TEMPERATULRE DEPENCENCES
MODERATE TEMPERATURES ELEVATED TEMPERATLRES
CONCENTRATIGON DE FENDENCES ENTROPYS ENTHALPYS
SALTING=0UT SFFECT: SCALINGI CORROSION:
EXPERIMENTAL RESULTS.

224

‘ STAEHLE 76
BRINE TREATMENT/CCRROSION

TITLE= EFFECTS OF HYCROGEN SULFIDE ENVIKCNMENTS ON
THE PERFORMANCE CF MATERIALS.

AUTHOR= STAEHLEs+ ReWeIAGRAWAL,y A+Ke (OHIC STATE
UNIVes COLUMBUS (USR), DEPT. CF METALLURGICAL
ENGINEERING],

REFERENCE= EXTENDED AESTRACTS, 150TH SOCIETY
MECTINGy VOLe 76-2¢ THE ELECTROCHEMICAL
SOCIETYy INCey FFRINCETONy NeJdey 1976, AESTRACT
NOo 114, P, 31E,
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DESCRIPTORS= HYDROGEM SULFIDESS MATERIALS TESTINGS
CORROSION RESISTANT ALLOYS; CCRROSION3 STRESS
CORROSION: PCLARIZATION STUGIES.

225

HEFEMANN 76
BRINE TREATMENT/CCRROSION

TITLE- HYDROGIN SULFKIDE STRESS CCRRGSION CRACKING
IN MATERIALS FOR GEOTHERMAL FCHWER.

AUTHOR= HEHEMANN, ReFos$TROIANOy A+Re (CASE WESTERN
RESERVE UNIV., CLEVELAND, OHIO (USA). CIV. OF
METALLURGY AND MATERIALS SCIENCE].

REFERENCE= EXTENDED AESTRACTSs 1507TH SQCIETY
MECTING, VOL., 716=2+ THE EFLECTROCHEMICAL
SOCIETY,y INCey FRINCETONy Neusy 19764 RESTRACT
NOe 115, P. 31€-317, .

DESCRIPTORS= HMATERIAL S TESTING? CCRRGSION RESISTANY
ALLOYST HYDROGEN SULFIDES: CCRROSION: STRESS
CORRCSION: YIELC STRENGTHS GECTHERMAL FCHER
PLANTSS £ XPERIMEMNTAL PESULTS.

226

ISAACS 76
BRINE TREATMENT/CCRRGSION

TITLE- THS INITIATICN AND GROWTH CF LOCALIZED
CORROSION ON STAINLESS STEELS IN CHLORICE
SOLUTIONS.

\
AUTHOR~= ISAACS,y HeS.3VYAS, B, [BROCKHAVEN NATIONAL
LABey UPTON, NoYo (USA)Y.

REFERINCE- EXTENDED AESTRACTS, 15GTH SOCIETY
MEETING,y VOL. 76=-2. THE ELECTROCHEMICAL
SOCIZTY,y INCaeys SRINCETON, NoJey 1976, AEBSTRACT
NO. 116y Ps 318-319,

DESCRIPTORS= CHLORICE 83 CORPOSIONS CORRCSICN
RESTSTANT ALLOYSS PITTING CORRIOSION: STAINLESS
STEELSS COATINGS? CREVICE CCORROSIONS
POLARIZATION STUCIES: CONCENIRATION DEFENDENCE.
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FESSALL 76
BRINE TRZATMENT/CCRROSION

TITLF- THE CORRCSION RESISTANCE OF NICKEL=-BASED
ALLOYS UNLER SIRESS IM HIGH TEFMPERATURE, HIGH
CHLOFIDE FENVIRCNMENTS.

AUTHOR= PESSALLy Ne3LIUy CeTe (WESTINGHOUSE RESEARCE
LABS., PITISBURGF, PA. (USA)],

REFERENCE= & XTENOED AESTRACTS, L150TH SOCIETY
MECTINGy VOLe 76<=2. THE ELECTRCCHEMICAL
SOCIETYy INCey FPRINCETONy Nodey 19769 AESTRACT
NO. 117' Pe 320=321.

CZSCRIPTORS~ CGRRCSICN RESISTANT ALLOYS? TEMPERATURE
DEPEZNDENCE: MOCERATE TEMPERATURES ELEVATED
TEMPERATURES CONCENTRATION ODEFPENDENCE: AGUEOUS
SOLUTIONSS CHLOR IDESS MAGNESIUM CHLCRIGESS
SODIUM CHLORICESS SEAWATERS PH OCEPENCEMNCES TIME
DEPENDENCEY PITTING CORROSIONS STRESS
CORROCSIONS NICKELS EXPERIMENTAL RESULTS,

228

RECHY 76
BRINE TREATMENT/CCRROSION

TITLE- EVALUATION CF CORROSICN IN A GEOTHERMAL HWELL
LINEER, )

AUTHOR= RECHTy Heles3FARDy AsJoiLEEy WeTe3$SPRINGER,
TeHe [ATOMICS INTERNATIONAL CIVey CANOGA PARK,
CALIF. (USA)).

REFERZNCE~ ZXTENDED AESTRACTS, 1538TH SOCIETY
MEETING, VOL. 786=2. THE ELECTROCHEMICAL
SOCIETYy INCey FRINCETON, NeJoy 1976, AESTRACT
NO. 118, Ps 322=2323. :

DESCRIPTORS~ CORROSICNS GEOTHERMAL WELLSS WELL
CASINGSS GEOTHERNMAL FLUIDSs CISSOLVED SCLIDS:
WELL LOGGINGS LLEVATED TEMPERATURES
METALLOGRAPHY; METALSS PIPELINES: PITTING
CORROSIONT CORRGSICON RESISTANT ALLOYSS
EXPERIMENTAL RESULTS.
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COLCBERCG 76
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRRCSION

TITLE=- PITTING CORRKCSION AND SCALING OF PLAIN CAREON
STEEL €XPOSED TC GEOTHERMAL BRINE,

AUTHOR= GOLDBIIRGy A+ 20WENs LeBs [CALIFORNIA UNIVey
LIVERMORY (USA), LAWRENCE LIVERMORE LAB.]).

REFERTNCEI= EXTENDGED AESTRACTS, 153TH SOCIETY
MEETINGs VOL. 78=2. 7THE ELZCTROCHEMICAL
SOCIETYs INCey FRINCETONy Nedsy 1976, ABSTRACT
NO. 119, P, 324=325,

UESCRIPTORS~= CGOFROSICNS PITTING CCRROSION: SCALINGS
WELL CASIMN:S: CARBON STEELSs SALTON SEA
GEOTHERMAL FIELLs GEOTHERMAL BRINESS CHLCRIGES:
SULFIDES: SILICA MINERALS?Y STRESS CCRRCSIONS
CREVICE CCRROSICNS AMORPPHOUS SILICAS PIPELINESS
EXPERIMENTAL RESULTS,

23t

TONEY 76
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE~ METALLURGICAL EVALUATION CF MATERIALS FOR
GEOTHERMAL PGWER PLANT APPLICATIONS,

AUTHOR= TONZY, Se3COFEN,y Ms [GENERAL ELECTRIC COs»
LYNNy MASS. (USA)e MEDIUM STEANM TURBINE CEPT.1.

.CFRON, CsJs T[UNION-OIL CO,, BREA, CALIF,
(USA). UNION OIL RESEARCH CENTER]}.

REFERENCE=- EXTENDEO AEBSTRACTS, 1507TH SOCIETY
MEETING, VOL. 78=2+ THE ELECTRGCHEMICAL
SOCIZTY,y INCes FRINCETONy NeJey 1376, AESTRACY
NO. 119A, Pe 32€=327,

DESCRIPTORS= MATERIALS TESTING: GECTHERMAL PGWER
PLANTS3; CORROSICGN RESISTANT ALLCY3? CCRRCSION:
STRESS CORROSICN] TURBINES: FEAT EXCHANGERS?
NEW MEXICO; GEOTHERMAL FLUIOS: NATURAL STEAM:
TIME DEPENOENCE 3 FATIGUES AMORPHOUS SILICAS
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v
ROSENFELLD 75
BRINE TREATMENT/CGRROSION

TITLE- CORROSION ANG METAL PROTECTION.

AUTHOR= ROSENFELDy, IeLs (EDe) [AN SSSRy MOSCCWe
INST. FIZICHESKCJ KHIMIIle

REFURENCE- CORROSICN AND METAL PRCTECTIONs INDIAN
NATIONAL SCIENKTIFIC DOCUMENTATION CENTREs NEW
DELHI, 1975, 378 P.. TRANSLATION OF °*KCRROZIYA
I ZASHCHITA METALLGV®, MOSKVA, 1970, TRANSLATED
FROM RUSSIAN.

DESCRIPTORS= CORROSICN? CORROSION INHIBITORS3
CORROSION PRQTEZC1IONS CORROSICN FESISTANT
ALLOYSS PITTING CORROSICNS STRESS CORROSIONS
METALS: STAINLESS STEELS: ELLCTROCHEMICAL
CORROSIONS ELECTFOLYTESS SEAWATERS SULFURIC
ACID: NITRIC ACICS HYDROCHLGRIC ACIOS KYCROGEN
SULFIDES: OIL WzLLS: DRILL PIFES] CCATINCS:
POLYMER COATINGS. '

232

KUKACKA 74

BRINE TREATMENT/SCALINC

BRINE TREATMENT/CCRROSION

TITLE=- POLYMER-CONCAhE IE COMPOSITES FOR ENERCY
RELATED SYSTEMS. PROGRESS REPORT NO. 1,
APRIL=JUNE 1374,

AUTHOR= KUKACKAy LeZs3AUSKERNy A43FONTANA, Jo
{BROOKHAVEN NATICNAL LAB.s UPTON, NeY, (USA).
DEPTe OF APPLIZC SCIENCE],

REFEFENCE~ POLYMER=-CGMNCRETE COMPOUSITES FCR ENERGY
RELATED SYSTEZMS. PROGRESS REPCRT NOe 1,
APRIL-JUNE 1374, BNL 19152, ERCOKHAVEN
NATIONAL LABes LFTON, NoYey 1974, INFORMAL
REPORTy 8 Pas

DESCRIPTORS= COCLING 10OWERSS GEOTHERMAL B8RINESS WELL
CEMERTINGS MATERIALS TESTING: SALTON SEA
GEOTHERMAL FIFLC?Y COATINGSS GEYSERSS GECTHERMAL
POWEF PLLNTSS PCLYMER-CONCRETE MATERIALSS
GEOTHERMAL WeEllSs HIGH TEMPERATURE: CESALTING
PLANTS? WASTE FRCCESSINGS PIFELINES,
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KUKACKA 748,
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE~ POLYMER~CONCRETE COMPOSITES FOR ENERCY
RELATED SYSTEMS, PROGRESS REPORT NOe 2,
JULY-SEPTEMBER 1¢74,

AUTHOR= KUKACKAy LeE e 3AUSKERNS AL 3FCNTANAy Jo»
{SROOKHAVEN NATICNAL LAB.s UPTON, No.Y, (LSA).
DEPT. OF APPLIEDC SCIENCE . :

REFEZRENCE=- POLYMER-CGNCRETE COMPGSITES FOR ENERGY
RELATED SVYSTEMS. PROGRESS REPCRT NOe. 24
JULY-SEPTEMBER 1974, BNL 19324, BRCOKHAVEN
NATIONAL LABey LFTONy NeYes 1974, INFOREAL
REPORTs 7 Peo

DESCRIPTCORS~- FLEVATZC TEMPFRATURE: EXPERIMENTAL
RESULTSS GEOTHRZRMAL BRINES? GEOTHERMAL FPCHWER
PLANTS: GEOTHERMAL WELLSS MATERIALS TESTINGS
MECHANICAL PRCPEARTIES? CIL WELLS3 PIPELINESS
POLYMERIZATICN: WASTE PROCESSINGS WELL
CEMENTINGS POLYMER=-CONCRETE MATERIALSS
AUTOCLAVES,

234

KUKACKA 74C
BRINE TREATMENT/SCALING
BRIME TREATHENT/CCRROSICN

TITLE- POLYMER=CONCRE1E COMPOSITES FOR ENERCY
RILATED SYSTEMS, PROGRESS REPCRT NOe. 3,
OCTOBER=GECT FBER 1974,

. AUTHOR=  KUKACKAy Loelie AUSKERNe A+ 3IFONTANA, J.
{BROCKHAVEN NATICNAL LAB.y UPTONy NoYe (USA),
DEPT. OF APPLIZLC SCIENCE). '

REFZRENCE= POLYMZR=CCNCRETE COMPCSITES FCR ENERGY
RELATED SYSTIMS. PROGRESS REFCRT NOo 3y
OCTOBEFR=-DECLMBER 1974s BNL 1S748y 2RCOKHAVEN
NATIONAL LABsy UFTONy NoeYey 1G74s 18 Poe

BESCRIPTORS= FELEVATEC "TEZMPERATURE S EXPERIMENTAL
RESULTSS GEOTHIRMAL BRINES: CEOTHERMAL FCHWER
PLANTSS GEOTHERMAL WELLS? HIGF TEMPERATURES
MECHANICAL PROFERTIESSY OIL WELLSS PIFELINESS
TIME DEPUANCENCES WASTE PROCESSING: WELL
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CASINGSS WELL CEMENTING? PGLYMER-CONCRETE
MATERIALSS AUTGCLAVESS GEYSEKS GLOTHERMAL
FIELDS THERMAL ANALYSIS,

23%

KUKACKA 75
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- POLYMER=-CONCRZITE COMPOSITES FOR ENERCY
RELATED SYSTEMS. PRCGRESS REFCRT NCe &y
JANUARY=MARCH 1975,

AUTHOR= KUKACKAy LeZ ¢ SAUSKIRNy A«iFCNTANAY Jo
{BROOKHAVEN NATICNAL LABesy UFTONs NeYe (USA).
DEPT. OF APPLIEC SCIENCE}.

REFERENCE= POLYMER=-CCNCRETE COMPOSITES FCR ENERGY
RELATED SYSTEMSe PROGRESS REFCRT NCe 4
JANUARY=MARCH 1S75. BNL 19370, BROCKHAVEN
NATIONAL LABey UPTONy NeYey 1575, 15 Peo

DESCRIPTORS=- BRINES: CATA: ECONOMICS: ELEVATEC
» TEMPERATURES EXFEIRIMENTAL RESULTSS FIELC

STUDIES: GEOTHERMAL FIELDSY GEOTHERMAL PCHWER
PLANTSS GEOTHERMAL WELLSS? HICGH TEMPERATURES
'MATERIALS TESTING? MECHANICAL PROPERTIESS
NATUFAL STeAMs POLYMERIZATION: TIME LCEFENDENCES
WASTE DISPOSALS WASTE MANAGE PENTS WASTE
PROCESSINGS- WELL CASINGSS WELL CEMENTINGS
POLYMER=CCMCRETE MATERIALS: AUTOCLAVES: GEYSERS
GEOTHERMAL FIELCS NEW MEXICCS THERMAL ANALYSIS.

236

KUKACKA 758
BRINE TREATMENT/SCALING
BRIME TREATMENT/CCRROSION

TITLE=- POLYMER=-CONCRETE COMPOSITES FOR ENERCY
RELATED SYSTEMS. PROGRESS REPCRT NO. 5,
APRIL=JUNE 197 ¢,

AUTHOR= KUKACKA, LoE+3AUSKERNy A«3FONTANA, Je
[BROOKHAVEN NATICNAL LAB.y LPTON, NeYe (USA).
DEPT. OF APPLIZ{ SCIENCE].

REFERENCE- POLYMER-CCNCRETE COMPOSITES FCR ENERGY
RELATED SYSTEMS. PROGRESS REPCRT NO. 59
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APRIL-JUNE 1975, BNL 20336, PROOKHAVEN
NATIONAL LABey UFTONy NeYeo 19754 13 Pseo

DESCKRIPTORS= CLEVATEL TEMPERATURE S EXPERIMENTAL
FESULTS® FIFLOD STUDIES: GEOTHERMAL BRINES:
GEOTHERMAL POWSR PLANTS? GEOTHERMAL WELLSS
MATERIALS TESTINGS MECHANICAL PRCPERTIESS
MATURAL STCAM: CIL WELLS: PIFELINES:
PGLYMERIZATIONS TIME DEPENDENCES WASTE
MANAGEMENTS WASTE PROCESSINGS WELL CASINGSS
WelL CEMYNTINGS FOLYMER-CONCRETE MATERIALS:
GEYSERS GFOTHERMAL FIELDS NEW MEXICOS
AUTOCLAVFS? THERMAL ANALYSIS,

237

KUKACKA 75C
" BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- CONCRETE-POLYMIR MATERIALS FOR GEQTHERMAL
APPLICATICNS.s PRCGRESS REPORT NQo 6y
JULY=-SEPTEMBER 1¢75.,

AUTHOR - KUKACKAY Lol o S AUSKERN, AL3FONTANA, Jo
{(BROCKHAVEN NATICWAL LABesy UPTONy NeYe (USA)eos
DEPT. OF APPLIZC SCIENCE].

KEFERENCE=- CONCRETE-FCLYMER MATERIALS FOR GECTHERNMAL
APPLICATIONS. PR(GRESS REPQORT NCo B
JULY-SEPTEMBER 1¢75. BNL 20571, BRCCKHAVEN
NATIONAL LABes LFTONs NoYes 1975, INFCORMAL
REPQORTy 15 Pas

DESCRIPTORS~ COATINGS:; CORROSION RESISTANT ALLOYS:
DATA? EL:VATeD TEMPERATURE?! EXPCRIMENTAL
RESULTS: FIELD STUDIES? GEOTHERMAL BRINESS
GEOTHERMAL ENERCY: GECTHERMAL POWER PLANTS:
MATERIALS TESTING? MECHANICAL PRCPERTIESS
NATURAL STEAMS FERMEABILITYS PIPELINESS
POLYMERIZATION: TIME OEPENDENCES WELL CASINGSS
WELL CEMINTING: ZAST MESA KGRrRAS KLAMATH FALLS
KGRAS RAFT RIVER XGRA3 POLYMER-CONCRETE
MATERIALSY NEW MEXICC3 IMPERIAL VALLEY: THERNMAL
ANALYSIS? PCLYMERSS IMPERIAL VALLEYS
AUTOCLAVESS GEYSERS GECTHERMAL FIZLOT.

238

KUKACKA 750
BRINE TREATMENT/SCALING
BKINE TREATMENT/CCRROSION
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TITLE- CONCRETE-POLYMER MATERIALS FOR GEGCTHERMAL
APPLICATIONS, PRCGRESS RFPORT NOos 79
OCTOBER-DECEMBER 1975.

AUTHOR= KUKACKAy LeE+SFONTANA, J.tHORN, We3AMARO, J.
[BROOKHAVEN NATICNAL LAB.y UPTONs NeYa (USA).
DEPT. OF APPLIEL SCIENCE), '

REFERENCE= CONCPETE-PCLYMER MATERIALS FOR GECTHERMAL
APPLICATIONS, PRCGRESS REPORT NOo 7
OCTOBER-DECE PBER 1975, BNL 20865, BROGKHAVEN
NATIONAL LABesy UFTON, NoeYaey 1975, INFORMAL
REPORT, 22 Pee

DESCRIPTORS~ COATINGS: CORROSIONS ELSVATED
TEMPERATURES EXPERIMENTAL RESULTSY FIELCD
STUDIESt GEOTHERMAL FLUIDS: GEOTHERMAL FOWER
PLANTS? GECOTHERMAL WELLSS MATERIALS TESTINGS
MECHANICAL PRCPERTIESS PERMEABILITYS PH
ADJUSTMENT: PIFELINESY SCALING: SCALING
CONTEOLS WELL CASINGSS WELL CEMENTING?
POLYMER=CONCRETE MATERIALSS THERMAL ANALYSISS
POLYMERS: GEYSERS GEOTHERMAL FIELO: AUTCCLAVES:
‘NEW MEXICO: KLAMATH FALLS KGRAS EAST MESA KGRASZ

" RAFT RIVER KGRA, )

239

KUKACKA 76
BRINF TREATMENT/SCALING
‘BRINE TREATMENY/CCRFOSION

TITLE- CONCRETE-POLYMER MATERIALS FOR GECTHERMAL
APPLICATIONS, PFCGRESS REPORT NQO. 8,
JANUBARY=MARCH 1576

AUTHOR=  KUKACKA,y LeEs3FONTANA, JosHORN, We1AMARO, Jo
{BROOKHAVEN NATICNAL LAB.,, UFPTONy NeYe (USA),
DEPT. OF APPLIEL SCIENCE].

REFCRENCE~ CONCRETE-FCLYMZIR MATERIALS FOR CECTHERMAL
AFPLICATICNS., PRCGRESS REPORT NO. 3B,
JANUARY=-MARCH 1676, ONL 21244, BROCKHAVEN
NATICNAL LABey LFTONy NoeYey 1976, INFORNMAL
REPOPRTy 18 Pas

DESCRIPTORS~ CORROSICNS CORROSION RESISTANT ALLOYS?Y
CCONOMICSY FLECTROCHEMICAL CCRROSIONS FLEVATED
TEMPEZRATURE Y FIELO STUDIEST CEOTHERMAL FLUIDSS
GEOTHERMAL PCWZIR PLANTS: GEOTHERMAL SYSTEMSS
MATERIALS TESTINGS MECHANICAL PROPERTIESS
NATUSAL STZAMS Fr ADJUSTMENTS PCLYMERIZATIONS
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SCALING: WELL CASINGS: WELL CEMENTING:
POLYMER=-CCNCRE TE MATERIALSS PCLYMERSS THERMAL
ANALYSISS GEYSERS GEOTHERMAL FIZLOS IMPERIAL
VALLEY: KLAMATE FALLS KGRA3 RAFT RIVER KGRA.

240

KUKACKA 76E
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE~- CONCRETE=-POLYMER MATERIALS FOR GECTHERNMAL
APPLICATIONS. PRCGRESS REFORT NCe. 9y AFRIL-JUNE
1976. : :

AUTHOR= KUKACKA s LoEe SFONTANA, Jo3HORNs Wo3AMAROy Jo
{BROOKHAVEN NATIGNAL LABsy UPTON, NoYe (USA).
DEPT. OF APPLIZG SCIENCE).

REFERENCE= CONCRETE-FCLYMER MATERIALS FOR GECTHERMAL
APPLICATIONSs PR(GRESS REPORT NOs 9, APRIL=-JUNE
1976. BNL 216€5, BROOKHAVEN NATIONAL LABe»
UPTOM, NeYes 1397€4 INFORMAL REPORTy 20 Feoe

DESCRIPTORS= COATINGS: CORROSIONS ELEVATED
TEMPERATURE S EXPERIMENTAL RESULTSS FIELC
STUDIESS GFOTHIRMAL FLUIDSS GEOTHERMAL FCHWER
PLANTS? GECGTHERMAL SYSTEMSS MECHANICAL
PROPERTI:E ST SCALING: WELL CEMENTING:
POLYMER=CONCRETE MATERIALSS AUTOCLAVESS CGEYSERS
GEOTHERMAL FIELCS NEW MEXICOS KLAMATH FALLS
KGRA$ RAFT RIVZR KGRA: NILAND.

241

ARNCRSSON 70
BRIMNE TREATMENT/SCALINE
BRINE TREATMENT/CCRROSION

TITLE- UNDERGROUNL TEMPERATURES IN HYOROTHERNMAL
AREAS IN ICELAM AS DFDUCED FROM THE SILICA
CONTENT OF THE THERMAL WATER.

AUTHOR= AFNORSSON, 3. (IMPERIAL CCLLEGE, LCNCON
(UK)., APPLIED GECCHEMISTRY RESEARCH GRCUF]J.

REFERENCE- GZOTHERMICS,. SPECIAL ISSUE 2, Ve 2 (1),
P. 526-541(1970),

DESCRIPTORS~ <CLEVATEC TEMPERATURES; GEUGTHERMAL
FIELOSS SILICA MINERALSS: SOLUBILITYS CHEMICAL
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£fQUILIBRIUM: CHALCFOONYS QUARTZ: PRECIFITATICNS
MEASURING METHCCS: EXPERIMENTAL RZISULTS: OEEF
WELLS? ICELAND.

242

: CCMINCC 70
BRINE TREATMENT/SCALINC
BRINE -TREATMENT/CCRROSION

TITLE~- THZ GEOCHENMISTRY CF THE KIZILCERE CECTHERMAL
FIELD, IN THE FRAMEWORK OF TFE SARAYKOY-LENIZLI
GEOTHERMAL AREA,

AUTHOR= DOMINCO, Zo (UeNe -GEOTHERMAL ENERCGY SURVEY
© OF WESTERN ANATGLIA, ANKARA (TURKEY) ],

SAMILGILy Eo (MTA INSTITUTE, ANKARA

REFLRENCE~- GEOTHERﬁICS.'SPECIAL ISSUE 24 Ve 2 (1),
P, 5£3=5560(1974G) .

DESCRIPTORS= GEOCHEPMISTRY: GEOTHERNMAL FLUICS3S
GEOTHERMAL RZSEARVOIRSS RESERVCIR PRCPERTIESS
MODERATE TEMFERATURES HYDROLCGYS ChHEMICAL
EQUILIBRIUMS CALCITES CHEMICAL ANALYSIS}S
MEASURING *ETHCCS? EXPCRIMENTAL RESULTSS DEEP
WELLSS KIZILOERE GEOTHERMAL FIELCS TURKEY,

243

- TELLIS 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- QUANTITATIVE INTERPRETATIGN OF CHEMICAL
CHARACTERISTICS (F HYDPOTHERMAL SYSTEMS.

AUTHOR= ELLIS. heJs C[CEPARTMENT OF SCIENTIFIC AND
INDUSTRIAL RESEARCH, PETONE (NEW ZEALAND).
CHEMISTRY O1vVelo . -

REFERENCE- GEOTHERMICS, SPECIAL ISSUE 2, Ve 2 (1),
Pe 516=528(1970),

DESCRIPTORS= CHEMICAL EQUILIBRIUMS CHEMICAL
REACTIONSS CHEMICAL COMPOSITICN: CONCENTRATION
DEPENDENCE? ELEVATED TEMPERATURES GEOQCHEMISTRYS
PH VALUES GEOTH{RMAL FLUIDSS DEEP WELLSS
TEMPERATURE DQEPENDENCE: CALCITES PRECIFITATIONS
SALINITYS SULF ICES.
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HAYASHIDA 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE~- DCVELUPMENT CF OTAKE GECTHERMAL FIELC.

AUTHOR=- HAYASHIDA, Te3EZIMA, Yo [KYUSHU ELECTKIC
POWER COsy INCay FUKUOKA (JAFAN)s RESEARCH
DIVISION].

{

REFERINCE= GEOTHERMICS, SPECIAL ISSUE 24 Ve 2 (1),
Pe 238=220(1¢70),

DESCRIPTORS= GECTHERMAL FIELOS? GECTHERNMAL FCWER
PLANYSS GEOTHERMAL RESERVOIRSS RESERVCIK
PROPERTITS? GE (LOGYS GEOCHEMISTRYS OEEF WELLSS
WELL CASINGSS will DESIGNS WELL INTERFERENCES
SEISMOLOGYY SCALE COMPOSITIONS CESCALINGS
CHEMICAL COMFCSITIONS DISSOLVED GASESS FLOW
RATES OTAXKE CE(THERMAL FIELCS JAPAN,

245

LINDAL 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSIGCN

TITLE= THE PRODUCTICN OF CHEMICALS FROM 8RINE AND
SEAWATER USING GEOTHERMAL ENERGY.

AUTHOR= LINDAL, 3. [CCNSULTING ENGINEER, REYKJAVIK
(ICELAND) )o :

REFERENCE- GEOTHERMICS, SPECIAL ISSUE 24 Ve 2 (1),
P, 910=-917(1670).

DESCRIPTORS- MINSRAL RECOVERY: GEOTHERMAL BRINESS
SEAWATERS GEOTHZIRMAL ENEPRPGYS REYKJANES
GEOTHERMAL FIELCS ICELANDS CHEMICAL
COMPCSITION: CHEMICAL REACTICNS: ECGNCMICS,

- 246

SMITH 70
BRINE TREATMENT/SCALINC
BRINE TREATMENT/CCRROSION
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TITLE- GEOTHERMAL DEVELOPMENT IN NEW ZEALANC.

AUTHOR= SMITHs JeHe (MINISTRY OF WCRKS, WELLINGYON
(NEW ZEALAND) 1.

REFERENCE= GEOTHERMICS, SPECIAL ISSUE 2y Ve 2 (1),
Pe 232-2L7(1970) .

DESCRIPTORS= GEOTHERMAL WELLS: GECTHERMAL FIELDSS
GEOLCGY3 DEEP WELLS: ELEVATED TEMPERATURES CASE
HISTORIESSY TEMFE FATURE LOGGINGS WELL
COMPLETIONS WELL HEAD PRESSUFES SCALINES
DESCALINGY REAMING: SILICA MINERALSS CALCITE:R
NGAWHA GEOTHERNMIL FIELDS ORAKEIKORATO
GEOTHERMAL FIELDS REPOROA GECTHERMAL FIELDS
ROTOKAWA GEOTHERMAL FIELD; TAUHARA GECTHERMAL
FIELD? TEKCPIA GEOTHERMAL FIELD$ BRCADLANNS
GEOTHERMAL FIELCS? NEW ZEALANC.

24L7

WAHL 75
BRINE TREATMENT/SCALING

TITLE- SCALE CEPOSITICN AND CCANTRCL RESEARCE FOR
GEOTHERMAL UTILIZATION. THE ABOVE ARTICLE HAS
ALSO APPEZARED IN (1) PROC.==ZND UeNso SYMP. ON-
THE CEVe AND USE OF GEOTHERMAL RZSOURCES, SAN
FRANCISCOy CALIFsy MAY 20~-28, 1975, ANC (2)
PROC.~=-WORKSHCF CON MATERIALS FRCBLEMS
ASSOCIATED WITH THE DfV. OF GEOTHERMAL ENERGY
SYSTEMS, EL CENTRO, CALIF.» MAY 16, 197%,

AUTHOR= WAHLy E o3 YEN, TeKe [GARRETT RESEARCH AND
DEVELOPMZNT COey INCey tA VERNE, CALIF, (USA)}.

REFERENCE= SCALE CEPGSITION ANDO CCNTR(L RESEARCH FOR
GEOTHERMAL UTILIZATIONs GRT 75-050s GARRETT
RESEARCH AMD DTVZLOPMENT COe9 LA VERNE . CALIF.,
MAY 1975+ 15 Pes

DESCRIPTORS= AMCRPHCOLS SCALE: BRINES; CALCITE:
CHEMICAL CCMPOSITION: CHEMICAL ZQUILIBRIUMS
CHEMICAL REACTIGCN KINETICSS uxXPERIMENTAL
RESULYSS GZGTHRIRMAL BRINESS MATHEMATICAL
MODELSY MEASUFRING METHODS: PH VALUES PRESSURE
DEPENDENCES SCALE COMPOSITIONS: DESCALINGS
SCALINGS SILICA VMINERALSS SILICATESS
TEMPERATURE OEFSNDENCES TIME DEPENDENCES EAST
MESA KGRA, v
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HONG 7G
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- GECTHERMAL ENERGY AND DESALINATION=-=FARTNERS
IN PROGRiISSe :

AUTHOR= WONG, CeMs [CFFICLC OF SALINE WATER,
WASHINGTON, DsCs (USA)1].

REFERENCE= GEOTHERMICS, SPECIAL ISSUE 24 Ve 2 (1),
Pe 892=-83%{1370) .. . .

DESCRIPTORS- CALCITES; BRINE TREATMENTS ODESALINATIONS
ELEVATED TEMPERATURE? GEOTHERMAL ENERGYS
MINERAL ZECOVER s SCALINGS IMPERIAL VALLEY.

249

ARMSTEAC 70
BRINE TREATMENT/SCALINGC
BRINE TREATMENT/CCRROSION

TITLE- UTILIZATION GF STEAM ANC HIGK ENTHALFY WATER
(FOR ELECTRIC FGWER GENEFATICN AND GTHER
PURPOSES) .

AUTHOR= ARMSTZAGCy, HeCeHe

REFERENCE= SPECIAL ISSUE 2, Ve 1, Pe 106-111(1970).

DESCRIPTORS= BINAFY FLUID SYSTEMS: SRINE TREATMENT:
CORRCSIONS DISSCLVED GASESS GEOTHERMAL ENERGY$
GEOTHERMAL POWER PLANTS: HYORCGEN SULFICESS

POLLUTIONS REVIEWS: DESCALING: SCALING CONTRCL:
TURBINES,

25¢

AXTMANN 768
SBRINE TREATMENT/SCALING

TITLE- CHUMICAL ASPEZCYS OF THE ENVIRONMENTAL IMPACT
OF GEOTHIRMAL PCWER.
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AUTHOR= AXTMANN, ReCe {PRINCETON UNIVes Nede (USA).
DEPT, OF CHEZMICAL ENGINEFERING AND CENTER'FOR
ENVIFONMENTAL STUDIES],

REFERENCE= PROCLECIPCS==-SECOND UNITEC NATICNS
SYMPOSIUM ON THE DEVELOFPMENT AND USE OF
GEOTHERMAL RESCURCI'Ss CALIFGRNIA UNIVas
LAWRENCE BERKELE Y LAS.s BERKELEY, CALIFss 1976y
Ve 29 Pe 1223=1327, )

DESCRIPTCRS= CHEMICAL COMFOSITIONS: CGRROSICN3
DISSOLVED GASESS CZLEMENTSS TRACE AMCOUNTSS
ENVIRONMENTAL EFFECYS: GECTHERMAL FLUICGS:
GEOTHERMAL POWER PLANTS? HYDRCGEN SULFICESS

INJECTION WELLS§ POLLUTIONS FCLYMERIZATIONS
REVITWS: SILICA MINERALS. '

251

BRACBURY 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- THEZ ECONOMICS (F GEOTHERMAL POWER.,

AUTHOR= BFADBURY, JeJeCe [UNITED NATIONS, NEW YORK,
NeYe (USA)e ENERCY SECTIONs RESCURCES: ANC
TRANSPORT DIVel. :

REFERENCE- SPECIAL ISSUE 2, Ve 1y Pe 122-131(197C),

DESCRIPTORS= RBINARY FLUID SYSTEMS: ECONOMICSS

GEOTHERMAL POWER PLANTSY PIPELINESS: PCLLUTIONS
REVIEWSS WELL ORILLING,

252

FACCA 70
BRINE TREATMENT/SCALING
BRINE TREATMENT/CORROSION
TITLE- THE STATUS OF WORLD GEOTHERMAL DEVELCPMENT.
AUTHOR= FACCA. G.
REFERENCE= SPECIAL ISSUE 24 Ve 14 Pe 8=23(1570)s

DESCRIPTORS~- BINARY FLUID SYSTEMS3 ECONCMICSS
GEOTHERMAL POWER PLANTS3 REVIEWS.
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JAMES 78
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRFOSION

TITLE= COLLECTION ANC TRANSMISSION OF GECTHERMAL
FLUIDS,

AUTHOR~ JAMES, Re [OEFARTMENT OF SCIENTIFIC ANO
INDUSTRIAL RESEARCHy TAUPQO (NEW ZZALAND)J.

REFERCNCE=- SPECIAL ISSUD 2, Ve 14 Fe 99-105(1970),

DESCRIPTORS= CHEMICAL COMPGSITIONS; BRINE TREATMENTS
COFRROSION: CORFGSION PROTECTICN: DISSCLVED
GASES S EXPLRIMENTAL RESULTSS FLOW RATES
GEQTHERMAL FLUIGSY GEOTHERMAL WELLSS HYCFOCEN
SULFIS=S: PIPELINES: REVIEWS; SAFETYS
DESCALINGS SCALINGY SILICA MINERALSS TURBINESS
WELL DESIGN,

254

WHITE 70
BRINE TREZATMENT/SCALING
BRINE TREATMENT/CCRRCSION

TITLE- GEOCHEMISTRY AFPLIED 7O THE JISCOVERY,
EVALUATION, ANC ZXPLOITATION CF GEOTHERMAL
ENERGY RESCUKRCES.,

AUTHOR= WHITE, Cele [GEOLOGICAL SURVEY, MENLC PARK,
CALIF. (USA)].

REFERENCE~ SPECIAL ISSUE 24 Ve 1y Pe 58-80(1970).

DESCRIPTORS=~ AMCRFHOUS SILICA: CALCITEs CHEMICAL
COMPCSITION: CHLCRIDESS ELEVATED TEMPERATURES
GZOCHIMISTRYS: GEQTHERMAL FLUICS: GEOTHERMAL
BESERVOIRSS HCAT FLOWS INJECTION WELLSS IRON
OXIDESY MINIZRAL RECOVERYS PH -VALUES PIPELINESS
PPECIPITATICONS RESERVOIR PROPERTIESSY REVIEMWSS
ROCK=FLUIL INTERACTIONSS SALINITYS SILICA
MINEFALSS WELL INTERFERENCE.

- BARNMES 7€
BRINE TREATMENT/SCALING

TITLE=- CHEMISTRY GF SILICA SCALE FORMATICN.
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AUTHOR=- BARNESy HelLe IRIMSTIDT, JoCs (PENNSYLVANIA
STATE UNIVe, UNIVERSITY PARK (USA). DEFT. OF
GEOSCIENCE S ).

HALLy BesAs (ECS)

REFERENCE= SECOND WCRKSHOP ON MATERIALS PROELEMS
ASSOCIATED WITH THF DEVELOPMENT OF CEOTHERMAL
ENERGY SYSTEPSs PROCEEDINGS COF THE WORKSHOP
HELD MAY 16-18, 1975 AT £L CENTRO, CALIFORNIA.
GEOTHERMAL RESGCURCES CGUNCILy DAVIS, CALIF.,
1975) Pe 1-13, P

DESCRIPTORS= AMORPHOUS SILICA: CAREONATES: CHEMICAL
FQUILIBRIUM: CHEMICAL REACTION KINETICS:
CHEMICAL REACTICNSS CONCENTRATION DEFENCENCE?S
CRISTOBALITES (ISPOSAL FORMATIONSS ELEVATED
TEMPFRATURES EXFERIMENTAL RESULTSS FOULING:
GEOTHERMAL PUWER PLANTSS GEQGTHERMAL RESERVOIKSS
MEASURING METHOCS: MODERATE TEMPERATURE: PH
VALUES PIFELINESS PLUGGINGS FRECIPITATICNS
QUARTZS SALINITYS SCALINGS SCALING CONTRGLS
SILICA MINERALSS SILICA CHEMISTRY: SILICA
SOLUBILITY; SCLUEILITYS TEMFcRATURE CEFENDENCE.

25¢

BISHOP 76
BRINE TREATMENT/SCALING

TITLE- GECOTHERMAL TZSY BY SAN CIEGC GAS AND ELECTRIC
COse . ’ )

AUTHOR= BISHOP, MeKes [SAN DIEGO GAS AND £LECTRIC

HALLs BeAs (ECS)

PEFERENCE= SECOND WCKRKSHOP ON MATEZRIALS PROELEMS
ASSOCIATED WITH THE DEVELOPMENT OF CGEOTHERMAL
ENERGY SYSTENMS. PROCEEDINGS GF THE WORKSHOP
HELD MAY 16-18, 1975 AT £L CENTRO, CALIFCRNIA,
GEOTHERMAL RESCLRCES COUNCIL, DAVISs CALIFa»
1976, Pe t3=067,

CESCRIPTORS- R2INARY FLUID SYSTEMSS CHEMICAL
COMPOSITIONS CCRROSION: DISSCLVED GASESH
CISSOLVED SOLIDS: ELEVATEC TEMPERATURES
EXPERIMENTAL RESULTSS FLOW RATES GEQOTHERMAL
BRINES: GEOTHERMAL POWER PLANTS: GECTHERMAL
WELLSS HEAT EXCHRANGERSS MODERATE PRESSURES
PITTING CCRRCSICNS RESERVGIR FRCPERTIFESS
SCALINGS SCALING CONTROL: SCRUBBEZRS: SILICA
MINEFALS? IMPERIAL VALLEY? NILAND? HEBER
GEOTHERMAL FIELI(, B
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BISHOP 768
BRINE TREATMENT/CORROSION

TITLE- WORKSHOP ON CCFROSION.

AUTHOR= BISHOP, H.Ke {SAN DIEGC GAS AND ELECTRIC
COs.y CALIF. (USA)].

HALL » BeAe (EL,)

REFERENCE= SECCND WCRKSHOP ON MATERIALS FROELEMS
ASSOCIATED WITH THE OEVELOPMENT CF GEOTHERMAL
ENERGY SYSTEMS+ PROCEFEDINGS OF THE WORKSHOP
HELD MAY 16-18, 1975 AT EL CENTRO, CALIFORNIA.
GEOTHERMAL RESOURCES COUNCIL, DAVIS, CALIFa»
1976+ Pe 123-=125.

DESCRIPTORS- CHEMICAL REACTIONSY CCRROSICN:
CORROSION RESISTANY ALLOYSS (EOTHERMAL BRINES,

258

, ~ pooo 7€
BRINE TREATMENT/CCRFOSION

TITLE~ CCRROSIGN STUGIES IN THE GEYSERS GEOTFERMAL
STEAM POWER PLANT,

AUTHOR= DCODDy FeJettAM, WeCa {PACIFIC GAS AND
FLECTRIC COelo

HALL,y BoAs (ELC.)

REFERENCE= SECOND WCRKSHGP ON MATERIALS PROELEMS
ASSOCIATED WITH THE DEVELOPMENT OF GEOTHERMAL
ENERGY SYSTEMS. PROCEECINGS CF THE WORKSHOP
HELD MAY 16-18, 1975 AT FL CEMNTRO, CALIFCRNIA.
GEOTHERMAL RESC(URCES COUNCIL, DAVIS, CALIFes®
19764 Pes §7-99,

OESCRIPTORS- CHEMICAL COMPOSITIONS PH ADJUSTMENTS
CORRCSIONWY CORRGSION RFESISTANT ALLOYS:
GEOTHERMAL PCOWER PLANTSS HYGROGEN SULFICESS
MEASURING METHOIS? PITTING CCRROSIONS STAINLESS
STEELS: GEYSERS GEOTHERMAL FIELC,

259

MANON 76
BRINE TREATMENT/CCRROSION
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TITLE- CORROSION PRCBLEMS AT THE CERRU PRIETC
GEOTHERMAL PROJECT.

AUTHOR~- MANCN, A.tfe [COMISION FEDERAL DE
ELECTRICIDAD, RESIDENCIA CE EETUDIOS
GEOTERMICOS, MEXICALI Be CFAS (MEXICO) ).

HALLy BeAs (EDS)

REFERENCE= SECOND WCRKSHOP ON MATERIALS FROELEMS
ASSOCIATED WITH THE. DEVELOPMENT CF GEZOTHERMAL
ENERGY SYSTEMS, PROCEEDINGS CF THE WORKSHOP
HELD ™MAY 16-18, 1975 AT EL CENTRKO, CALIFCRNIA,
GECTHERMAL RESCURCES COUNCIL, DAVIS, CALIF.,
1976, P, (9=85,

DESCRIPTORS~ PBACTERIAS CHEMICAL CCMPOSITION®
CHLORIDESS CORFCSION? CORRCSICN RESISTANT
ALLOYS: FELECTROCHEMICAL CCORRGSION: ELEVATED
TEMPERATURES ERGSION? EXPERIMENTAL RESULTSS
FLOW RATE S GeOTHIRMAL POWER FLANTSS HEAT
EXCHANGERSS HYDRC(GEN SULFIDESS MEASURING

" METHODS: MODERATE PRESSURES MCDERATE
TEMPERATURES NOZZLESS PH VALLES PITTING
CORROSIONS STRESS CORROSION?T TUREINE BLACESY
TURBINESS WELL CASINGSS CERRC PRIETC GECTHERMAL
FIELO,.

260

MAURER 76
BRINE TREATMENT/CCRROSION

TITLE- NEW AUSTENITIC AND FERRITIC STAINLESS STEELS
FOR GEOTHERMAL AFPLICATIONS.,

AUTHOR= MAURER, JeRo. [ALLEGHENY LUCLUM STEEL CORP.,
BRACKENRIDGE, fAe (USA)e RESEARCH CENTER],

HALLy BeA. (ELa)

REFERENCE= SECOND WORKSHOP ON MATERIALS PROBLEMS
ASSOCIATED WITH THE OEVELOPMENT OF GECTHERMAL
ENERGY SYSTCMS.e PROCEFEDINGS OF THE WORKSHOP
HELD MAY :p-18, 1975 AT EL CENTRO, CALIFORNIA,
GEOTHERMAL RESCURCES COUNCIL, DAVIS, CALIF.y
19769 Pe 1(05~-116G,

DESCRIPTORS= CHLORICE $: CORROSION RESISTANT ALLOYSS

CREVICE CORROS ICNS DESALTING PLANTSS
ELCCTROCHEMICAL CORROSION: EXPERIMENTAL
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RESULTS: GEOTHLRMAL POWER PLANTS; MEASURING
METHODS: PITTINC CORROSIONS STAINLESS STEELSS
STRESS CORROSIONS TEMPERATURE DEPENGENCE.

261

MAURER 768
BPINE TREATMENT/CCRROSION

TITLE- WORKSHOP ON METALS FABRICATICN.

AUTHOR= MAUREZ, JeRo. [ALLEGHENY LUCLUM STEEL CORPa.»
BRACKENRIDGE » FAs (USA). RESEARCH CENTER].

HALLy BeAe (EL)

REFERINCE= SECOND WCRKSHOP ON MATLRIALS PROELEMS
ASSOCIATED WITH THE DEVELCPMENT (F GEOTHERMAL
ENERGY SYSTEMSe PROCEEDINGS CF THE WORKESHOP
HELD MAY 16=-18, 1975 AT EL CENTRO, CALIFCRNIA,
GEOTHERMAL RLESCURCES COUNCIL, DAVIS, CALIF.y
19760 Pe 133=13€ :

DESCRIPTORS= GIOTHERFAL POWER PLANTSI MATERIALS
TESTING.

262

NEECHAM 76R
BRINE TREATMENT/CCRROSION

TITLE- MATERIALS RESEARCH AND CDEVELOPHENT PRCGRAM
FOR GECTHERMAL EANVIRONMENTS.

AUTHOR= NEEDHAM, P.3.s JRs (BUREAU OF MINES, COLLEGE
PARKs MD. (USA), COLLEGE PARK METALLUREY
RESEARCH CENTEFR]

HALLy BeAe (ED)

REFZRENCE= SECOND WCRKSHOP ON MATERIALS PRCELEMS
ASSCCIATED WITH THE DEVELGPMENT OF GECTHERMAL
ENERGY SYSTEMS, PROCEEDINGS CF THE WORKSHOP
HELD MAY :6-18, 1975 AT EL CENTRGy CALIFCRNIA.
GEOTHERMAL RESGURCES COUNCILs DAVIS, CALIFe»
1976, Pe 15=62, -

DESCRIPYORS= BSRINES: CARBONATES: (HEMICAL ANALYSISS
CORROSION3 CORRGSION RESISTANT ALLOYS: CREVICE
CORRCGSIONS DESALTING PLANTSS OISSOLVED GASESS
ELEVATED TEMPERATURES FIELD STUDIESS GEOTHERMAL
BRINE'S: GECTHERMAL POWER PLANTS: GECTHERMAL
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WELLSS PITTING CCRROSIONS SCALE COMPCSITIONS
SCALING? SOLUBILITYS STRESS CORROSIGN3
TEMPERATURE OEFENDENCE: SALTON SEA GEOTHERMAL
FIELDS EAST PESA KGRA. :

263

WAHL 76
BRINE TREATMENT/SCALING

TITLE= WORKSHOR ON SCALING.

AUTHOR= WAHLy EoFe {OCCIDENTAL RESEARCH CORFas LA

VERN{, CALIF. (USA) ],

HALLy BesA. (ELS)

REFERCNCE= SECOND WCRKSHOP ON MATERIALS FROELEMS

ASSOCIATZD WITH THE DEVELGOPMENT CF GECTFERMAL
ENERGY SYSTEMS. PROCEEDINGS CF THE WORKSHOP
HELD MAY 16=-18, 1975 AT EL CENTRO, CALIFCRNIA,
GEOTHERMAL RESCURCES CGUNCIL, DAVIS, CALIFay
1976’ Pe 127-132,

DESCRIPTORS~- FTIHZLC STUDIESS GECTHERMAL BRINESS

MEASURING METHOBSS SCALING: SCALING CONTROL.

264

WILSON 76C
BRINE TREATMENT/CCRROSION

TITLE- PRODUCTION, FAERICATION AN[L USt OF TITANIUM.

AUTHOR= WILSOMN, DeHe [RFACTIVE METALSs INCes NILES,

OHIO (USA)].

HALL s BeAs (ETC)

PEFERENCE= SECOND WORKSHOP ON MATERIALS PRCELEMS

ASSGCIATIC WITH THE DEVELOPMENT CF CGECTHERMAL
ENERGY SYSTEMS . PROCEEDINGS OF THE WORKEHOP
HELDC MAY 16-16, 1975 AT EL CEMRCs CALIFCRNIA,
GEOTHZRMAL RESOURCES COUNCIL, DAVIS, CﬂLIF.o
1976, Pe 101-104. -

CESCRIPTORS= CORRCSICNS CORROSION RESISTANT ALLOYS.
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AUSTIN 76
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRFOSION

TITLE~- PROSPECTS FOR ADVANCES IN ENERGY CONVERSION
TECHNOLOGIES FOR GEOTHERMAL ENERGY DEVELOPMENT.

AUTHOR=- AUSTINs AeoLe+ [CALIFORNIA UNIVesy LIVERMORE
(USA). LAWRENCS LIVERMORE LABe].

REFERENCE~ PROCEEOINGE=-=-SECOND UNITED NATICNS
SYMPOSIUM ON THE OEVELOPMENT ANG USE OF
GEOTHERMAL RESOURCESs CALIFORNIA UNIV.,
LAWRENCE BERKELEY LABe.y BERKELEY, CALIF.y 1976,
Vo 3, P’ 1925'1935.

OESCRIPTORS=- 3INARY FLUID SYSTEMS: ECONCMICS}
ELEVATED TEMPERATURE? FLASHINMNGS FLOW RATES
GEOTHERMAL BRINES: GEOTHERMAL FIELDS:
GEOTHERMAL POWZIR PLANTS: MODERATE PRESSURES
NOZZLESS SURFACE EQUIPMENTS THERMOOYNAMIC
PROPERTIESS TOTAL FLCW SYSTEN? TURBINES,

266

C0DD 768
BRINE TREATMENT/CCRRCSION

TITLE= MATERIAL ANC CGRPOSION TESTING AT THE CGEYSERS
GEOTHERMAL POUWER PLANT,.

AUTHOR - DOD3y FeJe3JCHNSON, AsEetrAMy WeCs [FACIFIC
GAS AND “LECTRIC COs9 SAN RAFCN,s CALIFe (USA).
DEPT. OF ENGINEERING RESEARCHI,

REFERENCE= PRUCEEDIMGS==SECOND UNITED NATIONS
’ SYMPJOSIUM ON THE DEVELOPMENT AND USE OF
GEOTHERMAL RISCURCES. CALIFCRNIA UNIVes
LAWRENCE BERKELEY LABsy BERKELEY, CALIF., 1976,
Ve 39 Pe 1959‘19530

DESCRIPTORS= CHEMICAL COMPCSITION? PH ADJUSTMENT:
CORROSIONS CORRGSION RESISTANY ALLOYS: CREVICE
CORROSIOMS DISSGLVED GASES; EXPERIMENTAL
RESULTSS FIELD STUDIESS FLOW RATES CEOTHERMAL
BRINES; GEOTHERMAL POWER PLANYS: HYCROGEN
SULFIOES: PITTING CORROSICM?: STAINLESS STEFLSS
TURBINE 3LACES] GEYSERS GEOTHERMAL FIELC.
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FERNELIUS 7€
BRINE TREATMENT/SCALINC
3RINE TREATMENT/SFENT FLUIC CISPOSAL

TITLE- PRGDUCTIOM OF FRESH WATER BY ODESALTING
GEOTHERMAL BRINZ ¢==A PILCT DESALTING PRCGRAM AT -
THE FAST MESA GEOTHERMAL FIELC, IMPERIAL
VALLEZY, CALIFORNIA.

AUTHOR= FERNELIUS, heAs {BUREAU OF RECLAMATICN,
BOULDER CITY. NiVe (USA)].

REFERENCIE= PROCEZCINGS==SECONC UNITED NATICONS
SYMPCSIUM ON THE DEVELOPMENT AND USE OF
GEOTHERMAL RESOURCESe CALIFGRNIA UNIVaes
LAWRENCE BERKELEY LABsy BERKELEYy CALIFey 1976,
Ve 24 P 2201-2208.

DESCRIPTORS=- CFHEMICAL ANALYSIS: CHEMICAL
COMPOSITIONS DESALTING PLANTSS JISSCLVEC GASESS
DISSOLVED SOLIDSs ELEVATED TEMPERATURES
FEASISILITY STUCIES: FLASHING?S FLOW RATE:S
GEOTHERMAL BRINESS GEOTHERMAL WELLSS INJECTION
WELLS? PIPELINESS EAST MESA KGRA.

268

HANCK 768
BRINE TREATMENT/CCRROSION

TITLE- CORROSICON RATE MONITORING AT THE GEYSERS
GECTHERMAL POWER PLANT,

AUTHOR= HANCK,y JeAs3NEKOKSAy Ge {FACIFIC GAS AND
ELECTRIC ClUey SAN RAMON, CALIF. (USA). CEPT. OF
ENGINEERIMNG RESEARCHI,

REFERENCE=- PROCEEQCIMGE=-=-SFCOND UNITED NATIONS
SYMPOSIUM ON THKE OJEVELOPMENT AND USE OF
GEOTHERMAL RESCURCESs. CALIFCRNIA UNIVa,
LAWRENCE BERKELEY LABes BERKELEYy CALIFss 1976,
Ve3y Pe 1¢79=-1¢8¢, .

DESCRIPTORS= CATHCDI( DEPOLARIZATION: CHEMICAL
ANALYSIS: CORROSIOM: CORROSICN MONITGRING:
CORROCSION RESISTANT ALLOYSS CREVICE CORROSIONS
ELECTROCHEMICAL CORROSION?! ELEVATED
TEMPERATURE; ERCSIONS FIELD STUGIESS FLCW RATE:
GEOTHERMAL BRINES: GEOTHERMAL POWER PLANTSS
HYDROGEN SULFICESS MEASURING INSTRUMENTS?S
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MEASURING METHCCSS MODERATE FRESSURES PH VALUES
PITTING CCRROSICNS STAINLESS STEELSS GEYSERS
GEOTHERMAL FIELC.

LCMBARD 76
BRINE TREATMENT/SCALING

TITLE- SAN DIUGO GAS AND FLECTRIC COMPANY®S
PIONEZERING GEOTHERMAL TEST WCREK IN THE IMPERIAL
VALLEY OF SOUTHeRN CALIFORNIA, USA.

AUTHOR= LOMBARD, GelLe3NUGENT, JeMe [SAN OIEGO GAS
AND ELECYRIC CO.y CALIF. (USA)].

REFZREZNCE= PFCCEEDINGS==-SZCOND UNITED NATICNS
SYMPGSIUM ON THE DEVELOPMENT AND USE OF
GEOTHERMAL RESOURCESe CALIFCRNIA UNIVes
LAWRINCE BERKELE Y LABes BERKELEYy CALIFey 1976,
Ve 30 Po 2037=2043,

DESCFIPTCRS- BINARY FLUID SYSTEMS: CORROSION
RESISTANT ALLOYSS OISSOLVEC CGASESS CISSCLVED
SOLIDS: SLEVATEC TcMPERATURES EXPERIMENTAL
RESULTSs FIELD STUDIES: FLOW FATES GEOTHERMAL
BRINES? HEAT EXCHANGERSS MODERATE PRESSURES
PIPELINESS SALINITYS SCALE CCMPOSITIONS
DESCALING: SCALING: SCRUBBERSS NILAND.

2748

LORENSEN 76
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE= POLYMERIC ANC COMPOSITE MATERIALS FCR USE 1IN
SYSTFMS UTILIZING HOT, FLOWING GEOTHERWMAL
BRINE .

AUTHOR= LORENSENy LeZs IWALKUP, ColeIMONESs EoT,

{CALIFORNIA UNIVes LIVERMGRE (USA)e LAKRENCE
LIVERMORE LABe1la

REFERENCE~ PROCEEZDINGS=-=SECOND UNITED NATIONS
SYMPOSIUM ON TH+E DEVELOPMENT AND USE OF
GEOTHERMAL KESOURCES. CALIFORNIA UNIV.,
LAWRENCE BERKELEY LABey BERKELEY, CALIFey» 1976,
Ve 39 Pe 1725=1731.
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DESCRIPTORS«= ELEVATED TEMPERATURES ERGSIONS ’
EXPERIMENTAL PESULTS: FIELD STUDIES: GEOTHERMAL
BRINESS MATERIALS TESTINGS NQGZZLESS? SCALINGS
STAINLESS STEELSS TOTAL FLOW SYSTEM.

271

: MATHIAS 76
BRIME TREATMENT/SCALING
BRINE TREATMENT/SFENT FLUIC GISPOSAL

TITLE= THE MESA GEOTRERMAL FIELD=-A FRELIMINARY
EVALUATION OF FIVE GEOTHERMAL WELLS.

AUTHOR= . MATHIAS, KeE« (BUREAU OF RECLAMATICN,
BOULLER CITY, NEV. (USA)].

REFERPENCE= PROCEECIMNGS==SFECOND UNITZD NATIONS
. SYMPOSIUM ON THE DEVELOPMENT ANC USE OF
GEOTHERMAL RESOURCES. - CALIFCRNIA UNIVae,
LAWRENCE BIRKELEY LABsy BERKELEYy CALIFey 1976,
Ve 3 Pe 1741-1747, :

DESCRIPTORS= CHEMICAL COMPOSITIONS BRINE TREATMENTS
DESALTING PLANTS? ELEVATED TEMPERATURES FLOW
RATES GEOTHERMAL FIELDS? GECTHERMAL WELLSS
INJECTION WELLSS MEASURING INSTRUMENTSS
MODEFATE PRESSURES: MONITORING?: PRESSURE
"DECLINES SCALING? WELL CASINGSS WELL
COMPLETIONS EASY MESA KGRA. '

272

TCLIVIA 76
BRINE TREATMENT/CCRROSION

TITLE- COKRROSIGN OF TURBINE MATERIALS IN" GECTHERMAL
STEAM ENVIRONMENT IN CERRO FRIETO, MEXICG,

AUTHOR- TOLIVIAy Zetes [FEDERAL ELECTRICITY
COMMISSIONy MEXICOy DeFes (MEXICO)}).

HOASHIs Jo3MIYAZAKI, Me [ICKYO SHIBAURA
ELECTRIC COey LTDes YOKCHAMA (JAPAN)].

REFERTNCE= PROCEZCINGE=-«-SECOND UNITED NATIONS
SYMPCSIUM ON THE OFVELOPMENT AND USE CF
GLOTHERMAL RESCURCES. CALIFCRNIA UNIVe,

- LAWRENCE BERKELEY LABey BERKELEYy CALIFey 1976,
Ve 3,'9..1815-1820.

B-137



DESCRIPTORS- CHEMICAL COMPOSITION3 CORRCSIONS
CORROSION REZSISTANT ALLOYSS CREVICE CORROSIONS
ELEVATED TEMPERATURE: EROSICNY FIELD STUDIESS
FLOW RATE: GEOTHERMAL BRINES: GEOTHERMAL POWER
PLANTS? MATERIALS TESTINGS MEASURING METHODSS
MODERATE PRESSURES PITTING CCRROSION; STAINLESS
STEELS: STRESS CCRROSION: TIME DEPENCENCES
TURBINESS CERRO PRIETO GECTHERMAL FIELC.

273

VIDES 76
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE~- RECENT STUDIES OF THE AHUACHAPAN GEOTHERMAL
FIELD,. . '

AUTHOR- VIDZS. A, [CGNSULTORA TECNICA S.A.s SAN
SALVADOR (EL SALVADOR)Y ],

- REFERENCE= PROCEECINGS~=SECOND UNITED NATICONS
SYMPCSIUM ON THE OEVELOPMENT AND USE OF
GEOTHERMAL RESOURCESs CALIFGORNIA UNIVa,
‘LAWRENCE BERKELEY LAB., BERKELEYy CALIF.y 1976,
Ve 39 Poe 1851~1854,

DESCRIPTORS= CHEMICAL COMPOSITIONS DEEP WELLSS FLCW
RATE?: GEQCHEVMISTRY: GEOLOGYS GEOTHERMAL FIELCS:
GEOTHERMAL RISERVOIRSS GEOTHERMAL WELLSS
INJECTION WELLSS MODERATE PRESSURES MOCERATE
TEMPFRATURES RESEZIRVOIR PROPERTIEST WASTE
DISPOSAL?Y WASTEZ WATERS WELL CASINGS: WELL
CHARACTERISTICSS AHUACHAPAN GEUTHERMAL FIELD.

274

YASUTAKE 76
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE= RESULTS ANC IFFROVEMENTS OF WATER TREATMENT
IN THE COCLING WATER SYSTEM (F OTAKE GECTHERMAL
POWER PLANT. ' '

AUTHOR= YASUTAKE,y He [KYUSHU ELECTRIC POWER CCeo
~ INCes OITA (JAPAN). OTAKE GECTHERMAL PCWER
PLANT 1,

HIRASHIMA, M, (KYUSHU ELECTRIC POWER COs»
INCe +FUKUOKA (JAPAN) o RESEAR(F DEPTels
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REFERFNCE= PRICFECINGS-~-SECOND UNITED NATICNS
SYMPOSIU4 ON THt OEVELOPMENT AND USE CF
GEOTHIRMAL RESOURCES. CALIFCRNIA UNIVay
LAWRENCE BERKELEY LABey BERKELEY, CALIF., 1976,
Vo 39 P. 1871-15770

DESCRIPTORS~= CHEMICAL ANALYSISS CHEMICAL REACTIONS:
' ARINY TRTATMEINT: COOLING TOMWERS§ CORROSION:

CORROSION PROTECTION? CORROSICN INHIBITCRS?
CORRCSION RESISTANT ALLOYS? C(REVICE CORRCSIONS
DISSOLVED GASES; £ROSION: GECTHERMAL PGKER
PLANTSS HYDROGEIN SULFIDESS MATERIALS TESTINGS
PH VALUES SCALE COMPOSITIONS SCALINGS CTAKE
" GEOTHERMAL FIELG.

275

EARNES 75
BRINE TREATMENT/SCALINC
BRINE TREATMENT/CCRROSION

TITLE~ CORROSTON AND SCALING.

AUTHOR="BARNES, Hele {PENNSYLVANIA STATE UNIV.,
UNIVERSITY PARK,y PAs (USA). CEPT. OF
GEOSCIENCES) .

HALLy BsAWs (£04)

REFERCINCE=- MATERIALS FROBLEMS ASSCCIATEL WITk THE
DEVELOPMENT OF GEOTHERMAL ENERGY RESCURCES.
GEOTHERMAL RESOURCES COUNCIL, DAVIS, CALIF.,
MAY 1975' Pe 2¢=31,

DESCRIPTORS= ~AMORPHO!S SILICAS CHLORIDES?: CCRROSION?
: - CORROSION RESISTANT ALLOYSS GEOTHERMAL ERINESS

HIGH PRESSUREY KIGH TEMPERATURES HYOROGEN
SULFIDES: IOMIC STRENGTH: MATERIALS TESTING: PH
AQJUSTMENTS PH VALUE?: QUARTZS SCALINGS SILICA
MINERALS? SOLUBILITYS STAINLESS STEELSS STRESS
CORROSION: SULFICES: TEMPERATURE DEPENDENCE.

276

BERTHELOT 75
BRINE TREATMENT/SCALING
BRINE TREATMENT/CORROSION

TITLE- SALTON SEA GEGIHERMAL FIELC.
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AUTHOR= BERTHELOT, BeWe [PHILLIPS FETROLEUM CO.s DEL
MAR, CALIF., (USA)].

HALLy BeAe (EC,)

REFERZNCE= MATEFIALS FRCBLEMS ASSCCIATZD WITK THE
DIVELOPMINT CF GEOTHERMAL ENERGY RESCURCES.
GECTHIRMAL RESCURCES COUNCIL,y DAVISy CALIFay
MAY 1975, Ps 1¢-13,

DESCRIPTORS= AMORPHCLS SILICA: BRINE TREATMENTS
CORROSION RICSISTANT ALLOYS: ELEVATES
TEMPEZRATURE? GEZCTHERPMAL BRINESS GEGTHERMAL
FIELDSS MATERIALS TESTINGS MCOERATE PRESSURES
PH ADJUSTMENT: FH VALUES QUARTZ: SCALE
COMPOSITIONS GESCALINGS SCALING: SILICA
MINERALSS SOLUBILITYS WCLL CASINGSS SALTCN SEA
GEOTHERMAL FIELC,

277

EISHOF 7%
BRINE TREATMENT/SCALING
BRINE TREATMENY/CCRKOSION

TITLE- SALTON SEA GZC THERMAL FIELC.

AUTHOR= 3ISHOPy MeKe [{SAN DIEGO GAS AND ELECTRIC
: -COe9 CALIFe (USA)I.

HALLy 3eAs (EL)

REFERENCE~ MAVERIALS FROBLEMS ASSUCIATED WITH THE
DEVELOPMENT CF GEOTHERMAL ENERGY RESCURCES.
GEOTHERMAL RESOURCES COUNCILy DAVIS, CALIF.,
MAY 1975, P. 14=iS,.

DESCRIPTORS= BINARY FLUID SYSTEMS: BRINE TREATMENT;S
CORROSIONS: DISSCLVED GASES: ELEVATED
TEMPERATURES FIELO STUDIES: FLCW RATE?
GEOTHERMAL BRIMESS HEAT EXCHANGERSS.HYCROGEN
SULFIDES! INJECTION WELLS? MODERATE PRESSURE:?
PH ADJUSTMENTS FIPELINESS REAMINGS SALINITYS
SCALE COMPOSITICNS? ODESCALINGS SCALINGS SILICA
MINEFALS: STAINLESS STEELS: SALTCN SEA ,
GEOTHERMAL FIELG.
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CRAMER 75
BRINE TREATMENT/SCALING
BRINE TREATMENT/CGRROSION

TITLE- CORROSION ANC SCALING.

AUTHOR= CFRAMERs SeDs $CARTERy JoPo INEECHAMy FeBos JRo
[BUREAU OF MINZS, COLLEGE PAFKy MDe (USA).
COLLEGE PARK METALLURGY RESEARCH CENTER].

HALLs BsAs (ECS)

REFERENCE=- MATERIALS FROBLEMS ASSOCIATEC WITE THE
DEVELOPMINT OF GZOTHERMAL ENERGY RESOCUKCES,
GEOTHERMAL RESCURCES CQUNCIL’ DAVISs CALIF.y
MAY 1975, P, 20=28, : _ :

DESCRIPTORS~ CORROSICN? CORROSION RESISTANT ALLOYSS
CREVICE CGRROSICN? DISSOLVED CGASESs CISSOLVED
SOLIOS: RLEVAYELD TEMPERATURES: GEOTHERMAL
BRINESS MATERIALS TESTINGS MOCERATE PRESSURE?S
PH VALUE? PITTING CORROSIONS SALTING-CUT
EFFECTY SCALING; SOLUBILITY: STAINLESS STEELSS
STRESS CORROSI (NS TEMPERATURE CEFPENCENCES

279

HUTCRINSON 7%
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRRCSION

TITLE=- MATERIALS AND EQUIPMENT.

AUTHOR=  HUTCHINSONy AeJdel, [BEN HCLT COs.9s PASADENA,
CALIF., (Usary. '

HALLy BeA, (£Ls)

REFERENCE= MATERIALS FROBLEMS ASSCCIATTLC WITH THE
DEVELOPMUNT CF GEOTHE®RMAL ENERGY RESGURCES.
GEOTHERMAL RESOURCES COUNCIL, DAVISs CALIF.,
MAY 1975, P2, 36, '

DESCRIPTORS- FLASHING: FLOW RATE: GZOTHERMAL BRINESS
GENTHERMAL FIELCSS MATERIALS TESTINGS MCLDERATE
PRESSURE® PIPELINLS: SALTING-CUT EFFECTS
SCALING: SCRUBEERS: SILICA MINERALS: SILICA
SOLUBILITYS NILAND.
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KUWADA 75
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE~- KIZILDERE (TURKEY) GEOTHERMAL FIELC.

AUTHOR= KUWADAy JoTe {ROGERS ENGINEERING COey INCes
SAN FRANCISCO, CALIF. (USA)].

HALLy BeAe (EC,)

REFERENCE~- MATERIAL ¢ FROBLEMS ASSCCIATEC WITK THE
DEVELOPMENT (F GEOTHERMAL CNERGY RESCURCES,
GEOTHERMAL R&SOURCES COUNCIL, DAVIS, CALIF.,
MAY 19759 Po 18‘19.

DESCRIPTORS= CALCITES CARBONATESS CORROSIONS
OISSOLVED SOLID ! ELEVATED TEMPZRATURES FIELC
STUDIES: FLOW RATE: GECTHERMAL BRINESS
GEOTHERMAL FIELCSS GEOTHERMAL WELLS?T HEATY
EXCHANGERSY HEAT TRANSFERF PRECIPITATICNS
REAMINGS SCALING: STAINLESS STEZELS: STRESS

CORRCSIONS KIZILCERE GEOTHERMAL FIELG: TURKEY.
281

MARSH 758
BRIME TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- ‘SALTQN SEA CGECTHERMAL FIELC.

AUTHOR= MARSH, GeAes {UNION OIL CO. OF CALIF.s BREA
- (USA). RISEARCH CENTER). )

HALLy BeAs (EL.)

REFERENCE~- MATERIAL ¢ FPROBLEMS ASSCCIATEC WITH THE
DZIVELOPMINT GF GEOTHERMAL ENERGY RESGURCES,
GCEZOTHERMAL RESOURCES COUNCIL, DAVIS, CALIF.
MAY 1975, P. 10=-11.

DESCRIPTORSE=- AMORPHOUS SILICA: CHLCRIDESSY CCRFOSION:
CORROSION RIZISISTANT ALLOYSS ELEVATEG _
TEMPIRATURE: GEC THERMAL BRINES] GECTHERMAL
WELLSt IRON OXICES: MATERIALS TESTING: MCDERATE
PRESSURES PITTING CCRROSICNSI SCALINGS
TEMPIRATURE OCFENDENCES SALTCN SEA GEOTHERMAL
FIELD.
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REEC 75
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE- SALTON SFA CICTHERMAL FIELL.

AUTHOR= RFEDy MeJds [CEOLOGICAL SURVEY, MENLC FARK,
CALIF, (USA)]. _
HALLy BsAs (EL,)

REFERENCE= MATERIALS FROBLEMS ASSCCIATED WITR THE
DEVELOPMZNT OF GEOTHERMAL ENLURGY RESGURCES.
GEOTHERMAL RZSOURCES COUNCIL, DAVIS, CALIF.,

T MAY 1975, P, 8-G,

DESCRIPTORS= AMORAHCLS SILICAS CHEMICAL REACTION
KINETICS: CHLORIDES: CORROSICN: CORROSICN
RESISTANT ALLCOYSS CREVICE CORROSIONS CISSOLVED
SOLINS: RULTVATIZL TEMPERATURES FLCW RATES
GCOTHERMAL BRINE I! GHOTHLRMAL FIELDSS SCALINGS
SILICA MINERALSS SILICA SOLUBILITYS SULFIDESS
SALTCON SZA GEO THERMAL FIELD.

283 .

REED 758
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSIOCN

TITLE- CORROSION ANL SCALING.,

AUTHOR= REEDy MeJo (GEOLOGICAL SURVEY, MENLC PARK,
CALIF. (USA) 1.

HALLy BeAs (ECS)

REFERENCE= MATERIALS FROBLEMS ASSCCIATEC WITE THE
DEVELOPMEINT C(F GEOTHERMAL ENERGY RESGURCES.
GEOTHERMAL RESOURCES COUNCIL, OAVIS, CALIFey
MAY 1975, P, 32-33. .

DESCRIPTORS~- CALCITE% BRINE TREATMENTS CHLCRICESS
DISSOGLVLED SOLIDS; ELZVATED TEMPERATURES
GEOTHERMAL BRIMNESS GEOTHERMAL FIELOS3 MEASURING
INSTRUMENTSS PH ADJUSTMENTS REAMINGS SCALING

CONTROLS$ SILICA FMINERALS: CERRO PRIETOC
GECTHERMAL FIELC.
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SCHREMP 75
BRINE TREATMENT/SCALING
BRINE TREATMENT/CCRROSION

TITLE=- HEBER GEQTHERMAL FIELC.

AUTHOR= SCHREMP, Fo.W, (CHEVRON OIL FIELD RESEARCH
CO.y LA HABRA, CALIF. (USA)),

HALLs BeAs (iCa)

REFERINCI= MATERIALS PROBLEMS ASSCCIATEL WITH THE
DEVELOPMENT OF CCOTHERMAL ENERGY RESGUKRCES.
GZOTHERMAL RASCURCES COUNCILs DAVIS, CALIF.,
MAY 197¢%, po 16'17.

DESCRIPTORS= CARBONATESS BRINE TREATMeNTS CCRROSICONS
DISSOLVED SCLIOJS: ELTVATED TEMPERATURES
GEOTHERMLL BRIMISS GECTHERMAL FIELOS:
GECTHERMAL WEZLLSS HEAT EXCHADMGERS:T INJECTION
WELLSS MATERIALS TESTINGS MEASURING
INSTRUMENTS: PITTING CORROSIGNS SCALING:S
SULFIDESS HegEBER GEOTHERMAL FIELUC.

285

SNCGGRASS 75
BRINE TREATMENT/SCALINC
BRINE TREATMENT/CCRROSION
TITLE- MATERIALS AND CQUIPMENT.

AUTHOR= SNODGRASSs JeSe [RFEYNOLDS METALS CCey
FRICHMONDy VA. (LSA)1.

ANOERSON, DeBe C(INTERNATICNAL NICKEL COsy
INCes NEW YORK (USA)].

HODGE, FoeGe (CABOT COFP,4y KOKOMO, INC.
{(USA)e STULLITE (IVele

KOMP,y MeEe {UNITED STATES STEEL CORF.»
MONRCZVILLE, PAs (USA)e APPLIED RESEARCH LABels

FrRANSON, I, (AIFCO VACUUM METALS, LEETSDALE,
PA, (USA)).

HALL» BeAe. (ED.)
REFERENCE= MATERIALS FROBLEMS ASSCCIATED WITE THE
DEVELOPMENT OF GEOTHERMAL ENERGY RESOURCES.
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GEOTHERMAL RESOURCES COUNCIL, DAVIS, CALIF,,
MAY 1975’ Pe 34-35,

DESCRIPTORS= CHLORIGES: CORROSIONS CORRGSIGN
RESISTANY ALLOYS: GEOTHERMAL BRINESS PITTING
CORRGCSIOMS SCALING3: STAINLESS STEELS: STRESS
CORROSION,

286

4 VETTER 768
BRINE TREATMENT/SCALING

- TITLE- OILFIELD SCALE = CAN WE HAMNDLE IT .

AUTHOR= VETTERs OeJs (CONSULTANT, LAGUNA BEACH,
CALIF. (USA)T,

- REFZRENCE= Jo PET. TE(HNOLes Ve 28, P, 14L02-1408(LEC
1976) .

DESCRIPTORS= ACIDIZATION: BARIUM SULFATES: CALCITE:
CALCIUM SULFATESS: CARBONATES: CHEMICAL
COMPATIBILITYS BRINE TREATMENTS CONCENTRATION
DEPENDENCES TEMFERATURE DEPENCENCES ELEVATED
TEMPIRATURES OILFIELD BRINES; PH DEPENCENCE:
PRECIPITATIONS FRESSURE DEPENCENCES REAMINGS
DESCALINGS SCALINGS SCALING CCNTROLS SGLUBILITY,

287

HATCHE 70
BRINE TREATMENT/SCALING

TITLE= SCALF CONTROL IN HIGH TFMFERATURE
DISTILLATION UTILIZING FLUICIZED BEC HEAT
EXCHANGER S,

AUTHOR= HATCHs LePe $WETHy GeGe [ BRCOKHAVEN MATICNAL
LABss UPTONy NoYe (USA}], : .

REFERENCE= QOFFICc OF SALINE WATER,y WASHINGTCN, DeCey
JUL 197C, 61 Pa,

DESCFIPTORS~ SCALING CONTROLt FLUICIZED EEC REATY
EXCHANGERS ELEVATED TEMPERATURES HEAT TRANSFER
COEFFICIINTS MEASURING METHCLSS EXPERIMENTAL
RESULTS: EROSICNS HEAT EXCHANGERSS
DESALINATION; CALCIUM SULFATES; PRECIPITATION,
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BUSH 73
BRINE TREATMENT/CORKROSION

TITLE- CONTROLLING CCRRGCSION IN PETROLEUM ORILL ING
AND IN PACKER FLUIDS.

AUTHOR= BU3SH, Hefe (NATIONAL LEAD COey HOUSTCN, TEX.
(USA). BAROIU DIVele

NATHANy CsCs (E0e) [BETZ LABSes INCey
PHILADELPHIA, PA. (USA)]).

REFERENCE= CORROSION INHIBITORS. NATIONAL
ASSOCIATION CF CCRROSION ENGINEERS, HOUSTON,
T“"XOQ 197»0 Pe 102"1130

CESCRIPTORS= CORROSICN PROTECTIONS OIL ORILLINGS

PETROLEUM INDUSTRY: ORILLING FLUIDS: CRILL
STRINGS: CORRUSIC(N INHIBITORS¢ OXYGEN CCRROSION.

289

CUNLOP 73
BRINE TRZATMENT/CCRROSION

TITLE- CORROSION INKIBITION IN SECCNDARY RECOVERY.

AUTHOR= DUNLOP, AeKe [SHELL DEVELCPMENT CCey
HOUSTONy TEX . (USA)).

NATHAN, CeCe (EDs) [BETZ LABSses INCey
PHILADELPKIA, FA, (USA)].

REFEZRENCE= CORROSION ]NHIBITdRS. NATIONAL
ASSOCIATION CF CCRROSION ENGINEERSv HOUSTON,
TEXes 1973y Pe 75-88,

DESCRIPTORS= CORROSICN PROTECTIONS OXYGEN -

SCAVENGINGY COMRRCSICN INHIBITORSs OIL WELLSS
ENHANCED RECOVERY: OXYGEN CGRRCSION.

296

GARDNER 73
BRINE TREATMENT/CCRROSION

TITLE- INHIBITORS IMN ACID SYSTEMS,
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AUTHOR= GARDNZR, Ge (CORROSION SPECIALIST, ELKINS,
/ PA., (USA}],

NATHAN, CeCe (EDs) [BETZ LABSes INCsy
PHILADELPHIA, PA., (USA)].

REFERENCE~ CORROSICN INHIBITORSe. NATIONAL
ASSOCIATION CF CCRROSION ENGINEERS,y HOUSTONs~

TEXes 1973, Py 156-172,.

DESCRIPTORS=- CORROSI(N PROTECTIONS CORRCSICN
INHIBITORS: ACICIZATION,.

291

HAMNER 73
BRINE TREATMENT/CCRROSION

TITLE- SCOPE AND IMPGFTANCE OF INKIBITOR TECHENOLOGY.

AU#HOR- HAMNER y NoeEe UNATIONAL ASSCCIATICN CF
CORROSION ENGINEERSs HOUSTON, TEXe (USA)).

NATHANy, CeCe (EDe) (BETZ LABSes INCoy
PHILAOCELPHIA, FAs (USA)].

" REFERCENCE- CORRCSION INHIBITORSs NATIONAL
ASSOCIATION OF CCRROSION ENGINEERSs HCUSTON,
TEx'v 1973, Pe 1-=E,

DESCRIPTORS~ CORROSICN PROTECTIONS CORRGSICN
INHIBITORS: METALS: ALLOYS.

292

-HAMNER 738
BRINE TREATMENY/CCRROSION

TITLF- INHIBITORS IN CRGANIC COATINGS.

AUTHOR=- HAMNER, NeoEe (NATIONAL ASSQCCIATICN CF
CORROSION ENGINE ERSs» HOUSTON, TEXe. (USA)1.

NATHANs CeCs (EDs) [(BETZ LABSes INCey
PHILADELPHIAy FA. (USA)].

REFERENCE- CORROSION INHIBITORS. NATIONAL

ASSOCIATION CF CCRROSION ENGINEERSs HOUSTON,
TEX e 19739 Pe 190'1950
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DESCRIPTORS- CORRCSICN PROTECTIONS CORRCSION
INHIBITORS: SURFACE COATING: ADDITIVESS$ CRGANIC
CCMPQUNDS.

293

HAMNER 73C
BRINZ TREATMENY/CCRKOSIGN

TITLE- APPLICATIGNS CF INHIBITORS IN MISCELLANEOQUS
ENVIRONMTNTS,

AUTHOR= HAMNER, NoF. {MATICNAL ASSOCIATICN CF
CORR(GSION ENGINEERS, HOUSTON, TEX. (USA)],

NATHAN, CoeCe (ED¢) {BETZ LABSes INCay
PHILADELCHIA, FA. (USA)1].

REFERENCE~ CORROSION INHIBITORS. NATIONAL
ASSOCIATION OF CCRROSION FNGINEERSy HOUSTON,
TEX.! 19739 Po 251‘2650

DESCRIPTORS~ CORRGS ICN PROTECTION; CORROSICN
INHIBITORS.,

294

HATCE 73
BRINE TREATMENT/CCRROSION

TITLE- INHIBITORS FOR POTABLE WATER.

AUTHOR= HATCHy Go3s [CALGON CORP,.y PITTSEURGK, PA,
{(USA) 1,

NATHAMy CoeCs (EDs) [BETZ LABSey INCes
PHILADELPHIA, PA. (USA)],

REFERENCE= CORRISION INHIBITORS. NATIONAL
ASSOCIATICN CF CCRROSION ENGINEERSy HOUSTON,
TEXoQ 1972, P. 114=-125,

DESCRIPTORS~ CORROSIGCN PROTECTION: CORROSION
INHIBITORSY ORINKING WATERS PATER POLLUTION.
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HATCH 738
BRINE TREATMENT/CCRROSICN

TITLE- INHIBITICN OF COOLING WATER.

-~

AUTHOR= HATCHs Ge3s [CALGON CORP.y PITTSBURGK, PA,
(USA) 1.

NATHAN, CoeCs (EDe) (BETZ LABSes INCey
PHILADZLPHIA, FA. (USA)1,

REFERENCE- CORRCSION INHIBITORS. NATIONAL:
ASSOCIATION OF CC(RROSION ENG INEERSy HOUSTON,
TEXey 1973y Pe 126-147.

DESCRIPTORS=- CORROSICN PROTECTION; CORROSION
INHIBOTORSS COCLING SYSTEMS,

A

298

7 KNAACK 73
BRINE TREATMENT/CCRROSION

TITLE- INHIBITORS FOR TEMPORARY PRCTECTICN.

AUTHOR= KNAACKy DoF+ $BROOKSy De LE«Fe HOUGHTCN COWy
PHILADELPHIA, FA, (USA)T, ’

NATHANy CeCs (EDs) (BETZ LABSey INCey
PHILADELPHIA, FA., (USA) ],

REFERENCE= CORROSION INHIBITORS. NATIONAL
ASSOCIATION CF CCRROSION ENGINEERS, HOUSTON,
TEX.’ 1973' Pe 220=227.

DESCRIPTORS= CCRROSICN PROTECTION; CORRCSICN
INHIBITORS: COATINGS; PAINTS.

297

METCALF 73
BRINE TREATMENT/CORROSION

TITLE= INKHIBITION ANC CORRGSION CCMTRCL PRACTICES
FOR BCILER WATERS.
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AUTHOR= MFTCALF, Jehe (BETZ LABS.s TREVOSE, FA,
(USAY. '

NATHANy CoeCe (EDo) [BETZ LABSes INC,,
PHILADELPHIA, FA. (USA)}l.

REFERENCE- CORROSION INHIBITORS. NATIONAL
ASSOCIATION CF CCRROSION ENGINEERSy HOUSTON,
TEXey 1973, P, 196=219.

CESCRIPTORS- CCRR(SICN PROTECTION3 CORROSION
INHIBITORSs BCILERS.,

298

NATHAN 73C
BRINE TREATMENT/CORROSION

TITLE~- CONTROL OF INTERNAL CORROSICN CF PIPELINES
CARRYING CRUDE CIL.

AUTHOR= NATHAN, Co.Ce (EDe) [BETZ LABS.s INC,,y
PHILADLLPHIA, FA. (USA)).

REFERENCE - CORROSION INHIBITORS. NATIONAL
ASSOCIATION OF CGRROSION EMGINEERSs HCUSTCN,
TEXey 19734 Pe 95

- DESCRIPTOKS= CCRROSICN PROTECTIONS PIPELINES,

299

NATHAN 73
BRINE TREATMENT/CCRROSION

TITLE- COFROSION INHIBITORS IN REFINERIES ANC
PETRCOCHEMICAL FLANTS=-=PART 1,

AUTHOR= NATHAN, CeCs (SDs) [BETZ LABSesy INCas
PHILADELPHIA, PA. (USA)].

REFEFENCF- CC®RCSION INHIBITORS. NATIONAL
ASSOCIATICN CF CCRROSION ENGINEERS, HCUSTON,
TEXes 193734 Po 42=54,

DESCKFIPTORS= CORRUSICN PROTECTION3 CORRGSION
INHIBITORS: FETRCLEUM INDUSTRY.
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NATHAN 738
BRINE TREATMENT/CCRROSION

TITLE~- CORROSION INRIBITORS IN REFINERIES ANC
PETPOCHEMICAL FLANTS, PART 2-<«CONTRCL CF
FQULING. '

AUTHOR= -NATHANy CeCs (ZDe) (BETZ LABS.y INCay
PHILADELPHIA, FA, (USA)1].

REFERENCF~ CORRCSION INKIBITORS. NATIONAL
ASSOCIATION CF CCRROSION ENGINEERSs HCUSTON,
TEXey 18973, P, 55'6&. ’

DESCRIPTORS= CORROSICN PROTECTION; CGRRCSICN
INHIBITORSS FOULINGT PZTRCLEUM INDUSTRY.,

NESTLE 73
BRINE TREATMENT/CCRRCSION

TITLE- COKROSICN INFIBITORS IN FETFOLEUM PRCCUCTICN
PRIMARY RECOVERY.

AUTHOR= NESTLZ, A, (TEXACO RESEARCH LABS.s HCUSTON,
TEXe (USA)e PROCUCTION CHEMISTRY GROUP).

NATHANy CeCe (EDs) IBETZ LABSes INCes
PHILADELPHIA, PA. (USA)).

REFERENCE=- CORROSION INHIBITORS. NATIONAL

ASSOCIATION CF CCRROSION ENGINEEKSs HOUSTON,
TEXey 19734 Po €1-75,

- DESCRIPTORS~= CORROSI (N PROTECTION; CORRGCSICAM
INHIBITORSY PETRCLEUM INDUSTRY: OIL WELLS,

302

CAKES 73
BRINE TREATMENT/CCRFROSTION

TITLE= INHIBITCRS IMN DESALINATION SYSTEMS,.

AUTHOR= OAKES, BeDs {DOW CHEMICAL CO.s FREEPCET,
: TEXs (USA)1.
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NATHANs CeCe (EDs) [BETZ (£8Ses INCoo
PHILLDELPHIA, FA. (USA)]J.

REFIRTNCE=- CORRGSION INHIBITORS. NATIONAL
SSOCIATICN CF CCRROSIOM FNGINEERSs HOUSTON,
TEX e 1973’ Pe 148=-15F,

DESCRIPTDRS= CORRGSICN PROTECTIONS CORROSION
INHIBITORSs DESALINATION.

3C3

FARKER 73
BRINE TREATMENT/CCRROSION

TITLE- CONTROL OF IMTERNAL CCRROSICN CF PIPELINES
CARRYING REFINEC PETROLEUM PRCODUCTS.,

AUTHOR= PARKER, IeM. [PLANTATION FIPL LINE CCay
ATLAMTA, GA. (USH)1.

NATHAN, CeCae (EDe) [BETZ LABSes INCes
PHILADELPHIA, PAe (USA)].

REFERZNCE« CORROSION INHIBITORS, NATIONAL
ASSOCIATION GF CGRROSION ENGINEERSs HOUSTON,
TEXes 1973y Po ES=94,

DESCRIPTCRS= CORRCSICN PROTEZCTIONS CCKRCSICN
INHIBITCRSt PETRCLEUM INDUSTRY3Z PIPELINESS

304

RCEBUCK 73
BRINE TREATMENT/CCRROSION

TITLE- INHIBITICON OF ALUMINUM,
AUTHOR- ROEBUCK, As.FHes [FULLERTON, CALIF. (USA)],

NATHAN' C-Co (ED.) [BETZ iABSo’ INCO'
PHILADELPHIAy FA. (USA)1,

REFERZINCE~- CORROSION INHIBITORS. - NATIONAL
ASSOCIATICN CF CCRROSION ENGINEEZERSs HOUSTON,
TEX e 19739 Pe 2Ul-244,

DESCRIPTORS= CORROS ICN PROTECTION:; CORRGCSION
INHIBITORSS ALUMINUM: ALLOYS,
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RCEEUCK 738
BRINE TREATMENT/CCRROSION

TITLE~ INHIBITION OF CORROSION FROM CAUSTIC ATTACK.
AUTHOR= ROEBUCK,y AoHh. [FULLERTON, CALIF. (USA)]}.

NATHAMy CoCe (EDs) (BETZ LABSes INCsy
PHILADELPHIA, FA. (USA)),

REFERENCF- CORROSION INHIEITORS NATIONAL
: ASSOCIATION CF CCRROSION ENGINEERS. HOUSTON,
TEXes 1973y Ps 245=250,

DESCRIPTORS~ CORROSICN PRCTECTIONS CORROSICN
INHIBITORSt ALLCYS.

386

SCHASCHL 73
BRINE TREATMENT/CORROSION

*TITLE= METHOODS FOR EVALUATION ANC TESTING OF
' CORRCSION INHIB3ITORS.

AUTHOR=  SCHASCHL, £ [UNICN OIL GF CALIF.y EREA
(USA). RESEARCE CENTER).

REFERENCE- COKROSION INHIBITORS. NATIONAL
ASSCGCIATIGN OF CC(RROSION ENGINEERSy HCUSTON,
Ti’.Xo, 1973’0 Pe 28«41,

DESCRIPTORS= CORRGSICN PROTECTIONS CORRGSION
INHIBITORS.

367

SKFARPLEY 73
BRINE TREATHENT/CCRRCSION

TITLE~ MICROBICLOGICAL CORRCSION AND ITS CONTROL.

/
AUTHOR=  SHARPLEY, JeMs (VIRGINIA CGMMONWEALTE
UNIVERSITY, FRECERICKSBURG (USA)].

NATHANy CeCe (EDe) {(BETZ LABSes INCey
PHILADELPHIA, FA. (USA)].
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REFERENCE= CORROSION INHISITORS., NATIONAL
ASSOCIATION OF CCRROSION ENGINEERS, HOUSTON,
TEX:, 197 3. Pe 228"2350

CESCRIPTORS=- CORROSICN PROTECTION: ﬂICROORGANISNS!
BIOLCGICAL FOULING.

308

EARLCUGHER 57
BRINE TREATMENT/SCALING

TITLE~= SEQUESTERING ACENTS FOR PREVENTION OF SCALE
DEPOSITION IN CIL WELLS.

AUTHOR= EARLCOUGHER, ReCe [EARLGUGFER ENGINEERING,
TULSA, OKLA. (USA)).

LOVE,y WeWe [COWELL, INCe,y TULSA, OKLA,.
REFERENCE- Jo PET. TECHNOL.y Pe 17-20(APR 1S57),

DESCRIPTORS= SCALINGS SCALING CONTRCLS OIL WELLSS
INJECTION WELLS?: SEQUESTERING AGENTSS

309

KAUSLEF 74
BRINE TREATMENT/CORROSION

TITLE- PROCESS CORRCSION AND CCRRCSIGN INHIEBITORS IN
THE PETROLEUM INCUSTRY.

AUTHOR= HEUSLEFKy ReHo ISTANSKYs CeAesNEVINSy AsJe
[UNIV. OiIlL PROD. COs, DES PLAINES, ILL. (USA)).

REFERENCE- NACE, INTEFNATIONAL CORROSION FORUM,.
NACE, HOUSTONy TEXey 1974y 4G Pao

DESCRIPTORS~ CORROSICN PROTECTION3? CORRCSICN
INHIBITORS: PETR (LEUM INDUSTRY.

31C

VETTER 72
BRINE TREATMENT/SCALING
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TITLE- AN EVALUATION (F SCALE INHIBITORS,

AUTHOR= VETTER,y O4Js [UNION CIL CCe OF CALIFCRNIA
(USA) Y.

REFERENCE= Jo PETe TECHNOL.y Pe G97-1006(AUC 1972).,

DESCRIPTORS~ SCALINGS SCALING CONTROLS INHIBITORSS?S
PRECIPITATION: CIL WELLSS LABORATORY STUCIESS
CRYSTALLIZATICN: KINETICS: TEMPERATURE
DIPENDENCES CHEMICAL COMPATIBILITYS FIGURESS
TABLES,

311

PETTUS 74
BRINE TREATMENT/CCRROSICN

TITLE- WATEZIR SCLUBLE (ORROSICN INFIBITORS--A
DIFFERENT APPRGACH TO INTERNAL PIPELINE
CORRCSION CONTRGL.

AUTHOR= PETTUSy Pele SSTRICKLANDy LeNe [BARCIC DIVes
N L INDes INCasy HCUSTONs TEX, (USA)1}.

REFERENCE= NACE, INTEFNATIONAL CCRROSION FORUM,
NACE, HOUSTONy TEXs. 1974y 11 F..

DESCRIPTORS~ CGORROSICN PROTECYIONS CORROSIOCN
INHIBITORS; PIFELINES: PETROLEUM INDUSTRY.

312

MATHIAS 74
BRINE TREATMENT/SCALINC

TITLE- PRELIMINARY RESULTS OF GECTHERMAL WELLS. MESA
6-1 AND MESA 6-2 EAST MESA KCGRA, IMPERIAL
VALLEY, CALIFORNIA. '

AUTHOR= MATHIAS, KeZs [BUREAU OF RECLAMATION,
BOULCER CITYsy. NEVe (USA)].

REFERENCE=- GEOTHERMAL ENERGY, Ve Z (6)y Pe 8=17(JUN
19741,

DESCRIPTORS= EAST MESA KGRA: CALIFORNIA; GECTHERMAL

WELLSS HEAT FLCWS GEOPHYSICAL SURVEYSS SCALING?
CHEMICAL ANALYSIS: PIPELINESS BRINE TREATMENT.
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MILLER 7€
BRINE TREATMENT/CCRRCSION

TITLE~ CORROSION INGIMNEERING IN THE UTILIZATION OF
THE RAFT RIVER GZOTHERMAL RESOURCE,

AUTHOR=- MILLERy ReiL e [AERQJUET NUCLEAR COes ICAHO
FALLSy IDAHO (USA)].

REFERPENCE=- CORROSION ENGINEERING IN THE UTILIZATICN
OF THL RAFT RIVER GEOTHERMAL RESOURCE,
ANCR=-1342 4 IDAHG NATIONAL ENCINEERINC
LABORATORY, IDARO FALLS, IJARC, AUG 197&, 80

DESCRIPTORS= CORROSICN: FAFT RIVER KGRA? GECTHERMAL

‘ BRINESS COFROS ION PROTECYION: CORRCSION
RESISTANT ALLOCYSS PITTING CORROSIONS STRESS
CORRODSIONS ELECTYFOCHEMICAL CCRROSICNS CREVICE
CORROSION: T ROSICN. :

314

UHLIG 71
BRINE TREATMENT /CCRROSION

TITLE- CORROSION. ANL CORROSION CONTROL.- AN
INTRODUCTICN TC CORROSION SCIENCE ANG
ENGINEERING,

AUTHOR= UHLIGy HeHe [ PASSACHUSETTS INSTe. GOF TECHa
CAMBRIDGE (USA). DEPT. OF METALLURGY1.

REFERENCE~- CORROSION AND CCRROSIGCN CONTROL. AN
INTRCDUCTION TC CORROSION SCIENCE ANG :
ENGINEERINGs 2ND EDes JOHN WILZY ANC SCNS,
INCoey NEW YORKs 1971, 419 Poee

DESCRIPTORS= CORROSICN: CORROSION PRCTECTICN3 IRONS
STEELS: STRESS CCRROSION: PITTING CCRRCSIONS
COATINGS? OXYGEN CORROSIONT CCRROSICN
INHIBITORSS CORRCSION RESISTANT ALLCYSS ‘
ELECTROCHEMICAL CORROSICN: AGUEOUS SOLUTIONSS
POLARIZATION STULIES.
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CEBOER 77
BRINE TREATMENT/SCALING

TITLE- INFLUENCE OF SEED CRYSTALS CN THE
PRECIPITATION CF CALCITE AND ARAGONITE.

AUTHOR= DEBOFR, ReBs {KONINKLIJUKE SHELL, RIJSWIJIK
(NETHERLANDS) ¢ EXPLCRATIE EN PRODUKTIE -
LABORATORIUM],

REFERTNCE= AM, Jo. SCIey Ve 277 (1), Pe 38=60(JAN
1977,

DESCRIPTORS~ CRYSTAL SEEDINGS CAL(ITEY
PRECIPITATIONS E)XPERIMENTAL RESULTS,

316

L SCHRCEDER 76
BRINE TREATMENT/SCALING

TITLE- MODELING THE TEMPERATURE=CEFPENDENT SCALE
ACCUMULATION FRCM GEOTHERMAL BRING, :

AUTHOR= SCHROZDER, feCe [(CALIFORNIA UNIVes EERKELEY
(USA)s LAWRENCE BERKELEY LABs). '

REFLRENCE~ MODELING THE TEMPERATURE~-DEPENCENT SCALE
ACCUMULATICON FRCM GEOTHERMAL BRINE.
UCRL-5214 ¢y LAWRENCE LIVERMORE LASORATGCRY,
LIVERMORSy CALIFes 1976y 16 P,

DESCRIPTGRS=- SCALING: SILICA MINERALS: TEMPERATURE
DIPEKRDENCE?S GEU"RIRMAL BRINESS MATHEMATICAL
MODELS. '

- -~

317

GAUPP 74
BRINE TREATMENT/CCRROSION
BRINE TREATEENTISCALING
TITLE~ - CORROSION AND SCALE CONTROL.

AUTHOR= " GAUPP, ResHe INYGREMNy JoA, [DOREW CHEMICAL
CORP. (USA)).
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REFERENCE- INDe WATER ENGey Pe 18-20 (MAY=JUNE 1974),

DESCRIPTORS= CORROSIGN PROTECTIONS: SCALING CCNTROL3
CORROSION INHIBITORS,

318

GELOSA 76
BRINE TREATMENT/CCRROSICN
BRINE TREATMENT/SCALING

TITLE- WATER TREATMENT PROGRAMS FGR STEAM GENERATING
SYSTEMS.

AUTHOR= GELOUSA,y LeRe3ANDRADE, ReCese [OREW CHEMICAL
CORP. (USA)}.

REFERENCE= INO¢ WATER ENGey Pe 18-22 (APR=MAY 1976).

DESCRIPTORS= SCALING: CORROSYON3; BCILERS3 CCRROSICN
INHIBITORSS OXYGEN CORROSIONS WATER TREATMENTSS
ADDITIVES,

319

RIGGE 73
BRINE TREATMENT/CORROSION

TITLE- THEORETICAL ASFECTS OF CORRCSION INHIBITORS
AND INHIBITICN. :

AUTHOR= RIGGSs Gele sy JRe [KERR=MCGEE CORPey OKLAHCMA
CITYys OKLAL (USA) ),

NATHAN, CeCs (EDe) [BETZ LABSey INCoey
PHILADELPHIA,s FA. (USA)).

REFERENCF~- CGRROSION INHIBITGRS. NATIONAL
ASSOCIATION OF CCRROSION ENGINEERSy HCUSTON,
TS.'X.. 1973! Pe 7"27.

DESCRIPTORS~= CCRROSICN PROTECTIONS CORRCSICN
INHIBITORS: CHENMICAL REACTICNS:
tLECTROCHEMISTRYS THEGRETICAL TREATMENTSS FREE
ENZRGY.
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WATKINS 76
BRINE TREATMENT/CCRROSION

TITLE- CORROSICN TESTING OF HIGHLY ALLOYED MATERIALS
FOR DEEPs SOUR GAS WELL FNVIRCNMENTS.

AUTHOR= WATKINS, Ms [EXXON PRODUCTION RESEARCH CO.
(USA) ).

GREERs Je Bse [EXXON CO. (USA)].
REFERINCE= Jo FETe TECHMOLey Pe 698=734(JUN 1976),
DESCRIPTORS= CORROS IJGN: CORROSION RESISTANT ALLOYSS
NATURAL GAS WELLSS EXPERIMENTAL RESULTS:

PITTING CORROSICN: STRESS CCRROS1ION3 TABLESS
FIGURES.

321

ELLIS 63
BRINE TREATMENT/SCALING

TITLE- THE SOLURILITY OF CALCITE 1IN SCDIUM CKLORIOE
SOLUTIONS AT HiCk TEMPERATURES.

AUTHOR= ELLISs AeJe [CEPARTMENT OF SCIENTIFIC AND
INODUSTRIAL RESE «RCHy WELLINGTCN (NEW ZEALAND).
DOMIMNION LABORATORY).

.REFERENCE- AMe Jo SCIes V. 2614y P, 259=-267 (MAK
19630, '

DESCRIPTORS= CALCITEZs SOLUBILITY3 SOCIUM CHLCRIDES:
TEMPERATURE OEP {NDENCES HIGH TEMPERATURES

EXPERIMENTAL RESULTS: HYDROTHERMAL SYSTEMS?
GRAPHS: TABLZS.

322 N

FCURNIER 73
BRINE TREATMENT/SCALING

TITLE- SILICA IN THERFAL WATERS™=-LAEBORATORY AND
FIELD INVESTIGATION,
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AUTHOR=  FOURNTERs ReGCe (GEOLOGICAL SURVEY, MENLGC
PAFRK, CALIFe (USA)],.

REFERSENCE~- PRCCESLIPMGE OF SYMPCSIUM GN
HYODRCGEOZHIMISTRY AND BIOGEOCHEMISTRY, VOLUME
I = HYOROGEOQOCHEMISTRY. THE CLARKE CCMPANY,
WASHINGTCNy Deley 1873, Po 1c2-139.

DESCRIPTORSE= SILICA MINERALSS QUARTZS SOLUBILITYS FPH
DEPEMDENCE?: HYDROTHERMAL SYSTEMSS EXPERIMENTAL
RESULTS: FIELD STUDIES: GEOTHERMOMETRYS
POLYMERIZATICONS TABLESY FIGURES,

N
n
[}

RCGERS S5
BRINE TREATMENT/CCRROSION

TITLE- CORROSION EFFECTS OF HYDROGEN SULFIDE AND
CARBCN DIOXIDE IN OIL PRGOUCTION.

AUTHOR= ROGERS,y WeF +3ROWE,y JsAey JRe [GULF CIL
CORP.y HOUSTON, TEX. (USA)se FCUSTON PRCCUCTION
DIVISION CHEMICAL LAB.].

REFERENCE= PROCEELCINGS==-FOURTH WORLD PETROLEUM
CONGFESSy SZICTICN II. GULF GIL CORPCRATION,
HOUSTON, TEXes 1¢55, PAPER 3, SECTION Il/G, P,
479-499,

DESCRIPTORS~ CORROUSI(N; HYDROGEN SULFIDESS CARBON

DIOXIOE: OIL WELLSS OILFIELD BRINESS
EXPERIMENTAL RESULTS: TABLESS FIGURES.,

324

LYON 74
BRINE TREATMENT/CCRFQOSICN
BRINE TREATMENT/SCALING

TITLE- A RECOMMENDED RESEARCH PROGRAM IN GECTHERMAL
CHEMISTRY,

AUTHOR= LYONs ReNs [ CAK RIOGE NATICNAL LABes TENN,
(USA) 1.

KOLSTADy, GeAs [USAEC DIVISION OF PHYSICAL
RESEARCHy WASHINGTON, D.C. (USA)].
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REFERENCE= A RECOMMENCED RESEARCH FROGRAM IN
GEOTHERMAL CHEMISTRY., WASH=1344, ATCMIC ENERGY
COMMISSICONy WASHINGTONy DeCey OCT 1974, 48 Paee

DESCRIPTORS~ SCALING: CORROSION] RESEARCH PRCGRAMS?
GEOTHERMAL SYSTEMSY GEOTHERMAL FLUIGSS
THERMODYNAMIC PRCPERTIES: MINERALSS METALSS
KINETICS: ROCK-FLUID INTERACTIONS: MATHEMATICAL
MODELS.

328

, KERN 75
BRINE TREATMENT/SCALING

TITLE- CONTINOUS TUEE CLEANING IMPROVES PERFCRMANCE
OF CONDENSERS AN{ HEAT EXCHANMNGERS.

AUTHOR=  KERNs WeI. [AMERTAP CORPsy MINEGLAy NoYs
(USA) Y. -

REFEFENCE= CHEMs SNGeo Ve 82 (22)y Po 139-144(1675),

DESCRIPTORS= SCALING? STEAM CONDENSERS?t HEAT
EXCHANGERSS TUREINESS SCALING CONTROL.

326

CGPSON 51
BRINE TREATMENT/CCRROSION

TITLE= LITERATURE SURVEY ON CORROSION IN NEUTRAL
UNAERATED CIL Will BRINES,

AUTHOR= COPSONy HeRe [INTERNATIONAL NICKEL CCe»
BAYONNF s NeJese (LSA)s RESFARCF LABe1ls

REFERTNCE= CORROSIGONy Ve 7y FPo 123-127(APR 1651).

DESCRIPTORS= CORRCSICN: OILFIELC BRINESS REVIEWSS
CORROSION INHISITORS,

. 327

BELTEKY 75
BRINE TREATMENT/SCALING
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TITLE- PROBLEMS RELATED TO OPERATING THERMAL WELLS
SUBJCCT 70 SCALING IN HUNGARY.,

AUTHOR= BELTEKY, Lo [RESEARCH INST. FOR THE
DEVELOPMENT OF WATER RESOURCES, BUDAPEST
(HUNGARY) T,

REFERENCE= GEOTHERMICSy Vo & {1-4),y Ps 57-65(1975),

DESCRIPTORS= SCALINGS GEOTHERMAL WELLS; HUNGARYS

SCALE COMPCSITIGNSY SCALING CCNTROLS OESCAL INGS
GEOTHERMAL BRINES: ACIOIZATION; FIGURESS TABLES,

SAKAI 76

BRINE TREATMENT/CCRFROSION

TITLE- CORRCOSION BEFAVIOK OF STEE LS IN GECTHERMAL
STEAM POWEF PLAN1Y,

AUTHOR= SAKAI, JeSKANEZASHI, Mo3IMATSUSHIMA, I.
{NIPPON KOKAN KeKey KAWASAKIs KANAGAKA.
TECHNICAL RESEAR(H CENTER].

REFERFENCE= TRANS. IRCN STEEL INST. JPN.» V. 16 (12),
Ps ©688=-69i(19756).

DESCRIPTORS~ CORRCSICN3Y ALLOYS: STEELS: NATURAL

STEAMS GELOTHERMAL POWER PLANTSS EXPERIMENTAL
RESULTS3 TABLES : FIGURES.

TSKHVIRASEVILI 72
BRINE TREATMENT/CCRROSICN

TITLE= ON CORROSICN CF METALS IN GEOTHERMAL FCHWER
PLANTS.

AUTHOR= TSKHVIRASHVILI+ De3VARDIGCRELI, Oo [GECRGIAN
INST., OF ENERGY, TBILISI (USSK)1].

ACOLSIN, Poe [NATIONAL HEAT ENGINEERING
INST.y MGSCOW (tSSR) 3.

REFERENCE~ GEOTHERMICS, Ve 1 (3), Fe 113-118(1972).

DESCRIPTORS~= COGORROSIGNS CORROSION PROTECTIONS
METALS? GEOTHE FMAL POWER PLANTS?! GECTHERMAL
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FLUIDS: CHEMICAL ANALYSIS: EXPERIMENTAL
RESULTSS GRAPHSS: TABLES.

GCLCBERG 768
BRINZ TREATMENT/CCRROSION

TITLE- GECTHERMAL MATERIALS STUDIES. METALLURGY
DIVISION QUARTERLY REPORT--AFRIL-JUNE 1976.

AUTHOR= GOLOBZRGy Ae3 OHNSONy, JeM,3GARRISGON,
ReEe tOWENY LoeBo3CECOURSEY, HotHARRAR,
JeE s 3SHROYERy ReBe C(CALIFORNIA UNIVe, LIVERMCRE
(USAYe LAWRENCE LIVERMORE LABa)o

REFEZREINCE=~ GEOTHIRMAL MATERIALS STUDIES. METALLURGY
DIVISION QUARTZRLY REPORT==-AFRIL~-JUNE 1S76.
UCID=~17261-70=2y CALIFORNIA UNIVes LAWRENCE
LIVERMORE LAB., LIVERMORE, CALIF.y 197€4 26 Peos

CESCRIPTORS- HYDROTHERMAL SYSTEMS: MATERIALS
TESTINGS COATINGSS TOTAL FLCW SYSTEMS STRESS
CORROSION ¢ CROSICN? CORROSIONS PITTING
CORROSIONY ELECTRCCHEMICAL CORROSIONS NCZZLESS
TABLES? FIGURES. :

331

PCSEY 768
BRINE TRCZATMENT/CCRROSICN

TITLE- CURROSIVITY OF GEOTHERMAL BRINES. PRCGRESS
FEPORT FOR PERICC ENDING JUNE 1976.

AUTHOR= POSEYe. FedeSFEILKCy AsAe [CAK RIDGE NATIONAL
LABey TENNe (USA)e CHEMISTRY OIVISICN).

REFERENCE~- CORRCSIVITY OF GEGTHERMAL BRINES.
PROGRESS REPORT FOR PERIOD ENDING JUNE 1976.
ORNL/TM=5 (88, OAK RIDGE NATIONAL LABCRATCRY,
OAK FIDGEy TENNsy OEC 19764 33 Paos

DESCRIPTORS~ GEOTHERMAL BRINEST CCRROSIONS CCRRCSIVE
EFFECTS¢ STEELSS ELECTROCCHEMICAL CCRROSICNG®
PITTING CORROSICNS EXPERIMENTAL RESULTSS
LABORATORY EQUIFMENTS GRAPHSS FIGURES,
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BOHLMANN 768
BRIMNE TREATMEAT/SCALING

TITLE- PRECIPITATION AND SCALING IN DYNAMIC
GEOTHERMAL SYSTZrS,

AUTHOR= BOHLMANNs £4Ge2SHCORs AeJo3BERLINSKIy Fo (CAK M
RIDGE MATICNAL LAB.s TENN, (USA). CHEMISTRY
DIVISION],

REFERENCE= PRTCIPITATION AND SCALING IN DYNAMIC
" GEOTHERMAL SYST&MSe. ORNL/TM-5649, CAK RIOGE
NATIONAL LABCRATORY, CAK FIDGE, TENNas GCT
1976+ 48 Pes

DESCRIPTORS- PRECIPITATION? SCALINGS GEGTHERMAL
SYSTEMS$ DYNAMIC SYSTEMS: EXFERIMENTAL RESULTSS
LABORATORY CQUIFPMENT! HEAT EXCHANGERS: SILICA
MINERALSS GRAPFSS FIGURES.

MC GCWELL 76
BRINE TREATMENT/SCALING
BRINE TREATMENY/CCRROSION

TITLE- SCRUBBING CF CHLORIDES IN CARRY=OVER WATER
FROM GEOTHERMAL WELL SEPARATCRS.

AUTHOR- MC DOWELL,y GoCs {DEPARTMENT OF SCIENTIFIC
AND INDUSTRIAL RESEARCH, C/MCW, TAUFQ (NEW
ZEALAND) e

REFERENCc~ PROCEEDINGS=-~-SECOND UNITED NATIOCONS
SYMPOSIUM ON THE DEVELOPMENY ANDO USE OF
GEOTHERMAL RESOURCESe. LAWRENCE BERKELEY LABa»
UNIVe. OF CALIFORNIA, BERKELZYy CALIFsy 1S76, V.
2y Pe 1737=174U.

DESCRIPTORS= GEOTHERMAL WELLSS WAIRAKEI GEOTHERMAL

FIELD? GEGTHERMAL FLUIDSY CHULCRIDESS SCRUBBINGS
STEAM SEPAFATORS.

334

GRECC 62
BRINE TREATMENT/CCRROSION

TITLE- CORROSION OF IRON IN AN H2S5-C02-H20 SYSTEM.
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AUTHOR= GRECO, E¢Ce3WRIGHTy WeBs [UNITED GAS CORPey
SHREVEPORT, LA+ (USA)e. RESEARCH DEPT.).

REFERENCE= CORROSIONy Ve 184 Pe 119=-1241(1982).

DESCRIPTORS~- COFROSICN: IRON3 HYDROGEN SULFIDESS
CAFBCN DIOXIDES STEELS: EXPERIMENTAL RESULTS:
LABORATORY EQUIFMENTY STRESS CORROSICNS CYNAMIC
SYSTEMS. '

FCLIZC 74

TITLE= CORROSIVITY OF GFOTHERMAL WATEZRS. (IN
RUSSIAN)s KORRGZIONNAYA AGRESSIVNOSCH
GEOTERMALNCI VGG VY.

/

AUTHOR= PGLIZOs GeDe (DDESSA POLITEKHNICHESKIJ INST. .
(USSR) 1.
KURISHKO, V (A4,

REFERENCE= IZVe VYSShe UCHEBNe ZAVEDey ENERCGey NOo
84 Pe 96-100(1 <74), '

DESCRIPTORS~- GEOTHEFMAL BRINESY CORROSION: FIELD

STUDIEST STEZLSS ALLOYSS NORTH SIVASH
GEOTHERMAL FIELD?Y USSR.

336

CLEARY 7¢
BRINE TREATMENT/SFENT FLUIC DISPOSAL

TITLE- SOME CONSIDEFATIONS IN UNGCERGROUND WASTEMWATER
BISPCSAL.

AUTHOR= CLEARY,; EeJo [OHIO RIVLR VALLEY WATER
SANITATION COMMISSION (USA)),

WAFNER . Dele [MISSOURI UNIVe (USA), CEPT, COF
GEOLOGICAL EZNGele

REFERENCE= Jo AMe WATER WORKS ASSCCesy Vs 62 (8)y Fo
489-4L98 (1 €74,

DESCRIPTORS=- WASTE WATERY UNCIRGRCUND DISFOSALS CEEP
WELLSS LoGAL ASFECTSS OHIG,
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C"NEAL 7%
BRINE TREATMENT/CCRROSION

TITLE- CORROSICN INFIBITING SYNERGISM 8Y TRIAZOLES
IN AQUEOUS MULTIMETAL SYSTEMS,

AUTHOR= O°NEALy Cos JReIBORGER, ReNy [SHERWIN
WILLIAMS CHEMICALS (USA)}.

REFERENCE- 350Cs PETe ENGs Jeoy PAPER NOs SPE 5310, P.
161-165(1975).

DESCRIPTORS~ CORRCSICN PROTECTION: CORROSION
INHIBITORSY METALSS COOLING SYSTEMS?! ORCGANIC
COMPGUNDSS LABORATORY STUDIESS EXPERIMENTAL
RESULTS,

338

WOoC 55
BRINE TREATMENT/CORROSION

TITLE- SOME EXPERIEMES WITH SODIub SILICATE AS A
CORPOCSION INHIBITOR IN INGUSTRIAL CCCLING
WATEFRS,

AUTHOR =~ NOOD' J-WQ;EEECHfR’ JOS.;LAURENCE' PeSe
(EeFe DREW AND CCes INCes NEW YORK (USA)e POWER
CHEMICALS DIVel.

REFERENCE~= CORROSIONy Ve 13y Pe 41-46(1S57),

DESCRIPTORS= CORROS ICN PROTECTION: COCGLING SYSTEMSS
CORROSION INKIBITORS: SILICATES; STEELSS PH

CEPENDENCE: TEMFERATURE DEPENCENCE:
EXPERIMENTAL RESULTS? GRAPHS.,

339

ENVIRON. SCI. TECH. 68
BRINE TREATMENT/SPENT FLUIC CISPOSAL

TITLE- DEEP WELL INJECTION IS EFFZCTIVE FOR WASTE
DISPOSAL. :

AUTHOR= ENVIRONMENTAL SCIENCE ANC TECHNCLCGY.
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REFERENCE= INVIRONe SCIs. TECHNCL ey Ve 2 (8), P.
LUb=-410(1968),

DESCRIPTORS= WASTZ DISPOSALY INJECTICN WELLSS
DISPOSAL FORMATICNS: WELL PLUGGING: DEEF WELLSS
OHIO: CASE HISTGFIZS: TCONOMICS: LEGAL ASPECTS: .
LIQUID WASTES; RCCKY MOUNTAINS COLCRAGCS
POLLUTION LAWS.

J&0

VETTER 70
BRINE TREATMENT/SCALING

- TITLE= PREDICTICN OF DEZPOSITION OF CALCIUM SULFATE
SCALF UNDER. [OWN-HOLE CONDITICNS. .

AUTHOR= VETTERy OeJeGa3PHILLIPSy FeCe {UNICN CIL CO.
- OF CALIFOFNIAV(USAl].v

REFZRENCE= Jo PET. TECHNOLss Pe 1259-1308(0CT 197C),

DESCRIPTORS- SCALING: CALCIUM SULFATES: GIL WELLSS
SODIUM CHLORIDZIS: ANHYDRITE; CILFIELD ERINESS
INHIBITORS: THERMODYNAMICS CRAPHS: TABLES.

341

CUONG 76
BRINE TREATMENT/SCALING

TITLE= SCALING CHARACIERISTICS IN THE GECTHERMAL
LO0OP EXPTRIMENTIAL FACILITY AT NILANC,
CALIFGRNIA.

AUTHOR= QUONGs R

REFERZINCE= SCALING CHARACTERISTICS IN THE GECTHERMAL
LOOP EXPERIMENTAL FACILITY AT NILAND,
CALIFORNIA. UCRL=52162y LAWRENCE LIVERMCRE
LABORATORY, LIVERMOREy CALIF 4y 19764 Ps 1-33,

DESCRIPTORS= SCALINGS GEOTHERMAL ENERGYS PILCT
PLANTS; TEST FACILITIESS NILANDS BINARY FLUIC
SYSTEMS: GEOTHERFMAL WELLSY GECTHERMAL ERINES?
CHEMICAL COMFPOSITIONS SCALING COGANTRCL3I FIGURESS
TABLE S, '
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MILLEF 77
BRINE TREATMENT/SCALING

TITLE- THIP USE OF GECCHEMICAL-FQUILISRIUM CCMPUTER
CALCULATIONS TG ESTIMATE PRECIPITATION FROM
GEOTHERMAL BRINES,

AUTHOR= MILLERy DeGe ¢ FIWINSKII, Asde3YAMAUCKI, R,

REFERENCHE= TH: USE OF GEOCHEMICAL-EQUILIBRIUM
COMPUTER CALCULATIONS TC ESTIMATE PRECIFITATION
FROM GEOTHERMAL ERINESe UCRL=52197, LAWRENCE
LIVERMORE LASORATORYs LIVERMCRZ, CALIF., 1977,
Pc 1'350

DESCRIPTORS= PRECIPITATION? SCALINGS GEGTHERMAL
BRINtSS CHEMICAL COMPOSITION: SALTON SEA
GEOTHERMAL FIELC: COMPUTER CALCULATICNS:
GEOCHZIMISTRYS; CHEMICAL tQUILIERIUMS
THERMODYMAMICS: CHLCRIDESS SILICA MINERALSS
SULFIDZS: SOLUBILITYS: TEMPERATURE DEPENCENCES
COKROSIONS CHEMICAL EQUILIBRIUM CODES3 GRAPHSS
TABLES,

343

PCSEY 76C
BRINE TRCATMENT/CCRROSION

TITLE- COFRGSIVITY OF GEOTHERMAL BRINES. PRCCRESS
REPORT FOR PERICC ENDING DECEMBER 197¢.

AUTHOR~ POSEY, FeAs3PALKOy A.A.3BACARELLA, AsLes [CAK
RIOGE NATICNAL LABe., TENNe (USA), CHEMISTRY
- DIVISION)Y.

REFEFRINCE~ CORROSIVITY OF GECTHERMAL BRINES.
PROGRESS REPORT FOR PERIOD EANDING DECEMEER
1976+ ORNL/TM-5863, OAK RICGE NATICNAL
LABORATORY, OAK RIDGE, TENNes APR 1977, 23 Peo

DESCRIPTORS=- GEOTHERMAL BRINESS CCRROSION; CCRROSIVE
EFFECTSS STEELSS TEMPERATURE OEPENDENCES PH
DEPENDENCE; POLARIZATION STUDIESSY EXPERIMENTAL
EQUIPMENT? LABORATORY STUDIES: GRAPHKS.
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BETZ 40
BRINE TREATMENT/SCALING

TITLE- REMOVAL OF SILICA FROM WATER BY COLD FROCESS.,

AUTHOR= BETZs LeDoa3NGLLe CeAe3MAGUIRE,y JeJda [heHs
AND LoDs BETZey PHILADELPHIA, PENNs (USA)],

REFERENCE=- INDe. ENGs CHEMes Ve 32y Po 1320-132310CT
1940) .,

DESCRIPTORS~ SILICA MINERALSS DESCALINGS BOILERSS PH
DEPENDENCE: TEMPERATURE DEPEMCENCES ALUMINUM
HYDROXIDES: LABCRATORY STUDIES.

345

BETZ 408
BRINE TREATMENT/SCALING

TITLE- REMOVAL OF SILICA FROM WATER BY HCT FRCCESS,

AUTHOR =~ BETZy LeDe3NOLLy CoAsIMAGUIREy JeJo [ KeHe
AND L.D. BETZ, PHILADELPHIA, PENN. (USA)],

REFERENCE= IND,y ENGs CHEMey Vo 32y Pe 1323-1329 (OCT
19401).

DESCRIPTORS= SILICA MINERALSS DESCALINGS BOILERSS

MAGNESIUM INORGAMNIC COMPOUNDSS TEMPERATURE
DEPENDENCES PH CEPENDENCE: LAS0RATORY STUDIES.

346

LEKRMAN 52
BRINE TREATMENT/CCRROSION
BRINE TREATMENT/SCALING

TITLE- ACTION OF SOCIUM STILICATE AS A COSRGSION
INHIBITOR IN WATER PIPING.

AUTHOR= LCHRMAN, Le {CITY COLLs» NEW YORK (USA)I],

SHULDENERy Hele [WATER SERVICE LABSes NEW
YORK (USA)1.

REFERENCE= 1INDe ENGe CHEMey Vo 44 (8), P,
1765-1769 (AUG 1552},
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DESCRIPTORS= CORROSICNS CORROSION INHIBITORSS SODIUM
SILICATES: PIPES: LABORATORY STUDIES:T
EXPERIMENTAL RESULTSS ZINC INORGANIC CCMPOUNDS3
CORROSION PROTEC 1I0N, '

347

MICKIFF 76
BRINE TREATMENT/SCALING

TITLE- AMORPHDOUS SILICA SCALE IN COOLING WATERS.

AUTHOR= MIDKIFFy WeSe {LOS ALAMOS SCIENTIFIC LABes
Ne MEXs (USA)}. :

FOYTy HePse (WATER TREATMENT SPECIALISTI.

REFERENCE~ AMORPHOUS SILICA SCALE IN COCLING WATERS,
. LA=UR=75+2313, LOS ALAMOS SCIENTIFIC LABe.s LOS

ALAMOSy No MEX ey 19769 22 Pee

DESCRIPTORS- SILICA MINERALS: AMORPHOUS STATES
COOLING TOWERS? DESCALING? SCALING CONTROLS?
WATER TREAIMINTS: CORROSION INHIBITORSS
CHELATING AGENTS: FIGURESS X=RAY DIFFRACTION.

348

PYE 47
BRINE TREATMENT/CORROSION

TITLE= CHEMICAL FIXATION OF OXYGEN.

AUTHOR= PYEy DeJs {COW CHEMICAL CCey PITTSBURG
CALIF. (USA). GREAT WESTERN DIVISIONI.

REFERENCE= J« AM, WATER WORKS ASSCCes Ve 39y Po
1121-1127(1947) ,

5

DESCRIPTORS~ CORROSICN: CORROSICN PROTECTICNS OXYGEN
CORROSIONT STEEL ¢t CORROSION INHIBITORS.
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