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FOREWORD 

T h i s  review of the s ta te  Df the a r t  of geothermal l i q u i d  waste disposal 
has been prepared for the Division of Environmental Control Technology of the 
Department of Energy. I t  is a result of the combined efforts of a multidisci- 
plinary team of researchers. Much of the technical information was written by 
Bill McSpadden. Don Shannon and Gordon Zima supplied information on materials, 
corrosion and scaling problems. Geology and hydrology i n p u t  cames from Dick 
Wallace and Jim Stottlemyre. Laurie Brown reviewed the o i l  and other indus-  
t r i a l  experience i n  l i q u i d  waste disposal. Economic c r i te r ia  and evaluations 
came from Clem Bloomster, Linda Fassbender, and Kevin Wells. 
aspects of geothermal waste disposal were treated by Albin Brandstetter, and 
Ron Walters and Jon Zuck analyzed the legal and institutional aspects. 
Jacobson and Joe Upton reviewed the document and supplied additional input .  
W. A. Wahler and Associates provided an independent review of the docunent. 
Gunnar Bodvarsson of Oregon State University also participated as a consultant 
for the project, and Judy Hooper and Cathrynn Novich 'served as editors. 
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SUMMARY 

This repor t  reviews the s tate o f  the  a r t  o f  geothermal l i q u i d  waste d is-  
posal and evaluates surface and subsurface disposal methods w i th  respect t o  
technical,  economic, legal, and environmental factors . ‘  

The disposal o f  geothermal l i q u i d  e f f luen ts  could a f f e c t  the environment 
i n  an adverse manner. 
o f  waste f l u i d  propert ies (e.g., temperature, pH, and chemical- constituency), 
but  also by the large volumetric f lows involved. The task o f  waste disposal 
i s  also af fected by such s i t e -spec i f i c  var iables as geology and environmental 
se t t i ng  and by legal  requirements and unknown economic factors.  

Disposal i s  not on ly  complicated by the  wide v a r i a b i l i t y  

Three disposal techniques are cur ren t ly  i n  use a t  numerous geothermal 
s i t es  around the world: d i r e c t  discharge i n t o  surface waters; deep-we1 1 
in ject ion;  and ponding f o r  evaporation. Our review shows t h a t  e f f luet f ts  are 
d i r e c t l y  discharged i n t o  surface waters a t  Wairakei, New Zealand; Larderel lo, 
I t a l y ;  and Ahuachapan, E l  Salvador. Ponding f o r  eva.poration i s  employed a t  
Cerro Pr ieto,  Mexico. 
Ahuachapan; Otake and Hatchobaru, Japan; and a t  The Geysers i n  Cal i forn ia .  A l l  
s i t e s  except Ahuachapan (which i s  i n j e c t i n g  on ly  30% o f  t o t a l  p lan t  f iow)  have 
reported d i f f i c u l t i e s  w i th  t h e i r  systems. 

The o i l  industry ’s e f f o r t s  a t  disposal o f  large quant i t ies  o f  l i q u i d  e f f l uen ts  
have been qu i te  successful as long as the e f f l uen ts  have been t reated p r i o r  t o  

Deep-well i n j e c t i o n  i s  being pract iced a t  Larderel lo; 

This repor t  also reviews disposal techniques used i n  re la ted  indust r ies.  

4 

determined tha t  s u i d  disposal methods-:four surface 
and three subsurface--are v iab le options f o  
indust ry  (see page 8.35). However, ad research and development i s  
needed “ t o  reduce the uncer ta in t ies and 
impacts o f  disposal. 

se i n  the geothermal energy 

in imize the  adverse environmental 
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W 
1. INTRODUCTION . 

Geothermal energy, the natural heat from the earth, is a potential source 
of usable energy. Temperatures i n  the earth increase w i t h  depth a t  a world 
average of approximately 25'C/km. A t  the base of the continental crust (25 
t o  50 km), temperatures can range from 400 t o  1200°C. The temperature a t  the 
center of the earth is much hotter. Due to  various local geological formations 
and activity, the temperatures and temperature gradients i n  certain locations 
can be significantly higher than the world average value. A t  present, geo- 
thermal energy is being exploited at  such hot spots as The Geysers, CA; Impe- 
r i a l  Valley, CA; Larderello, Italy; and Wairakei, New Zeland. 

L 

Geothermal energy is essentially unlimited. Most o f  i t ,  however, is 
located too f a r  under the earth's surface to be economically extracted. Even 
though current d r i l l i n g  technology enables us to  reach a depth of 10 km (and 
possibly 15 km i n  the foreseeable future), the most economical extraction is 
limited t o  nearer-to-surface depths of 1 t o  5 km. A recent assessment of geo- 
thermal resources i n  the U.S.(') indicates that an estimated 95,000 t o  
150,000 MWe--good' for 30 years 
technology from hydrothermal co n systems. A hydrothermal convectlon 
system is one i n  which ho ater or steam i produced i n  a geothermal anomaly 
and harnessed w i t h  conven , such as steam turbines. 

hermal energy- is available using current 

A geothermal resource has a t  least four distinguis characteristics, 
namely: 

tures i n  fos- 

may contain very elements. or compounds 

0 large volumes of f l u i d s  

ip l ic i ty  of by-products w i t h i n  the 
e regarded as a potential resource 

the handl ing of ' the  working fluid. 

1.1 



I 

Geothermal energy was f i r s t  tapped f o r  e l e c t r i c  power generation i n  1904 
i n  I t a l y ,  but  only recent ly  has rap id  expansion and development occurred. As 
of 1978, goethermal e l e c t r i c  power generation had reached a combined i n s t a l l e d  

E l e c t r i c  power 'generation uses goethermal energy a t  an e f f i c i ency  r a t e  o f  

L 

capaci ty o f  2000 MWe i n  seven nations. (1) 

10 t o  20 percent; consequently, 80 t o  90 percent o f  the thermal energy i s  

are more e f f i c i e n t l y  used i n  space heating, i n d u s t r i a l  processes, and agr icu l -  
ture. As o f  1975, nonelect r ic  appl icat ions consumed approximately 6600 MWt 
worldwide, o f  which 5100 MWt was used i n  the Soviet Union. The United States 
has no large-scale nonelect r ic  app l i ca t ion  o f  geothermal energy a t  t h i s ,  time, 
a l b e i t  several small systems are i n  use and many are being investigated. Were 
geothermal energy given widespread nonelect r ic  and e l e c t r i c  appl icat ions,  i t  
i s  estimated tha t  t h i s  resource could u l t ima te l y  s a t i s f y  5 t o  10 percent o f  the 
country ls energy needs. The Department o f  Energy (DOE) has a current  nat ional  
goal t o  develop 3000 t o  4000 MWe o f  power and 0.2 Quad/yr of d i r e c t  use by 

e environment or returned t o  the reservoir .  Geothermal f l u i d s  

1985. 

One o f  the major technical  problems tha t  must be solved p r i o r  t o  wide- 
scale development o f  geothermal energy concerns the disposal o f  1 arge amounts 
of l i q u i d  from geothermal energy plants. The geothermal indus t ry  w i l l  have t o  
dispose o f  a larger  volume o f  b r ine  a t  a much greater disposal r a t e  than the 
o i l  indus t ry  accomplishes a t  present. 
largest  known o i l  f i e l d  i n  the U.S., produces about 3.2 x 10 R/C(200,0000 bb l )  
of o i l  per day and i n j e c t s  about 8 x l o7  R/day (500,000 bbl/day) o f  b r ine  i n t o  
approximately 80 wells, a t  an average pumping r a t e  o f  42,000 L/hr/wel l  
(26b bbl/hr/wel l ) . (2)  
using 15 percent f lashed steam and requ i r ing  9 kg (20 l b )  of steam/kWh, w i l l  
be about 1 x lo8 Illday, or 660,000 bbl/day. 
s i t es  p lan t o  use one i n j e c t i o n  wel l  f o r  every two producing wells. 
productive wel ls  would requi re an even greater i n j e c t i o n  capaci ty o f  about 
320,000 R/hr/well (2000 bbl /hr)  

The East Texas o i l  f ie ld , (2)  the 
7 

I n  comparison, the e f f luen t  from one 100-MWe p lan t  

I n  addit ion, most geothermal 
Highly  
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applying new technology .for the use o f  geothermal resources, especia l ly  as 
regards low-temperature geothermal energy sources. 
dissolved so l i ds  content i n  excess o f  300,000 ppm (e.g., from the Saltan Sea 
area o f  Ca l i f o rn ia )  can be used t o  generate e l e c t r i c i t y .  However s u f f i c i e n t  
and encouraging the - technica l  advances have been, the use o f  the geothermal 
resources has not kept pace with our pressing needs f o r  energy. 
p a r t i a l l y  caused by a lack o f  p a r a l l e l  advancement i n  the lega l  and regulatory  
arenas t h a t  con t ro l  the a c t i v i t i e s  o f  goethermal developers. Consequently, i n  
order t o  speed the development o f  geothermal systems, we need t o  acquaint'our- 
selves w i t h  p o l i c y  and satutory  considerations., 

I n  the past fewcdecades, great s t r ides  have been made i n  developing and 

Even geothermal f l u i d s  with 

The delay i s  

Geothermal development has been reviewed i n  terms o f  i t s  environmental 
impact on a i r  an 
a i r  p o l l u t i o n  f rom H2S and poss ib le  water p o l l u t i o n  from 1.iquid wastes, many 
people consider geothermal energy t o  be among the cleaner sources o f  power 
avai lable.  I n  contrast  t o  Torms o f  energy tha t  invo lve mining, f u e l  proces- 
sing, t ransportat ion,  and .other handling f a c i l i t i e s ,  geothermal developments 
confine a l l  resource u t i l i z a t i o n  a c t i v i t i e s  t o  the immediate v i c i n i t y  o f  the 
energy source. 

a te r  qua l i t y .  Although some concern has been ra ised about-  

The fo l l ow ing  l i q u i d  waste disposal hods are viewed and evaluated i n  
t h i s  report :  

Surf  ace Disposal 
d i r e c t  re1  
treatment 
closed-cycle ponding 

0 consumptive secondary use 

Subsurf ace Disposal 
i n j e c t i o n  a t  producing horizon 

0 i n j e c t i o n  a t  nonproducing horizon 
treatment and in jec t ion .  

U 



Chapters 3, 4, and 5 describe the three major components o f  the geothermal 
system: respectively, the reservoir,  the physical plant, and the disposal 
system (see Figure 1.1). Chapter 6 i s  a review of t he  l i q u i d  disposal experi- 
ence f o r  industry; Chapter 7 discusses the legal  aspects o f  geothermal waste 
disposal; and Chapter 8 evaluates the various waste disposal techniques t h a t  
were i d e n t i f i e d  above. 
development areas t h a t  need t o  be studied i n  order t o  reduce the adverse envi- 

F ina l ly ,  Chapter 9 provides a l i s t  o f  research and 
I 

ronmental e f fec ts  o f  disposing o f  geothermal-l iquid ef f luents.  

ENERGY 
OUTPUT 

MAGMAT' RE I N JECTED 
FLU I DS 

AND HEAT 

HEAT 

f DISPOSAL 

GASES CONDENSATE 

FIGURE 1.1. The General System f o r  U t i l i z a t i o n  
o f  Geothermal Energy 
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2.0 CONCLUSIONS AND RECOMMENDATIONS 

This study has determined t h a t  the seven l i q u i d  disposal methods--four 
surface and three subsurface--are v iab le options f o r  use i n  the geothermal- 
energy industr ies.  
reduce the uncer ta in t ies or t o  minimize the adverse environmental impacts o f  
disposal. 

Subsurface I n j e c t i o n  

However, addi t ional  research and development i s  needed t o  

Present U.S. legal  and environmental const ra in ts  make subsurface i n j e c t i o n  
the most popular disposal method. a producing horizon promi ses 
t o  help maintain reservo i r  pressure and prevent subsidence. Some d i f f i c u l t i e s  

he method have been reported a t  numerous si tes,  however. With proper 

mental ly acceptab’ie, but  they w i l l  also remain expensive. The o i l  indust ry  
experience ind icates tha t  surface treatment o f  the l i q u i d s  w i l l  be required f o r  
most long-term i n j e c t i o n  programs. Wastes in jec ted  i n t o  h igh l y  f rac tu red  zones 
may not requi re  surface treatment. 

I n j e c t i o n  i 

and equipment design, subsurface i n j e c t i o n  techniques can be environ- 

Research i n  support o f  subsurface disposal must provide informat ion t h a t  
w i l l  permit developers t o  design t h e i r  equipment and disposal systems more 
e f f e c t i v e l y  and a t  less cost, he1 
environmental impacts. Future research must: 

g, a t  the same time, t o  reduce any adverse 

0 provide more deta i led cost analysis o f  disposal systems (especia l ly  

treatment sys tems ) 

i d e n t i f y  and evaluate disposal areas f o r  s o l i d  wastes generated from 
1 i q u i d  waste treatment 

0 develop tes ts  t o  determine the compat ib i l i t i es  o f  the waste f l u i d s  
and the receiv ing reservo i r  

0 develop methods t o  monitor the f l ow  patterns o f  in jected f l u i d s  

0 develop methods or  probes t o  determine the i n t e g r i t y  o f  the  we l l  

cement 
b d  



develop methods i n  the reservo i r  engineering program t o  p red ic t  o r  
i d e n t i f y  formations tha t  can accept large quant i t ies  o f  f l u i d s  over 
long periods o f  time. 

Surf ace Disposal 

Surface disposal o f  geothermal e f f luen ts  i s  o f ten  favored because o f  i t s  

2.2 

s i m p l i c i t y  and low cap i ta l  cost. Surface disposal a lso of fers  an opportuni ty 
t o  b e n e f i c i a l l y  use the water f o r  domestic, agr icu l tu ra l ,  or  recreat ional  pur- 
poses. I n  sp i te  o f  these advantages, surface disposal i s  expected t o  be used 
on ly  f o r  low s a l i n i t y  e f f luen ts  due t o  s t r i c t  legal  and environmental 
constraints. 

We recommend tha t  research be conducted i n  the fo l l ow ing  areas t o  a id  i n  
reducing the po ten t ia l  environmental impacts o f  surface disposal. We need to:  

0 complete a more deta i led cost analysis of disposal systems, espe- 
c i a l l y  treatment systems 

0 develop a system t o  remove t race impuri t ies,  such as fluorides, 
arsenic and boron, from waste water 

0 develop economical and r e l i a b l e  monitors t o  detect  pond leakage 

0 assess long-term e f fec ts  o f  discharging wastes i n t o  the ocean. 



3.0 GEOTHERMAL-ENERGY REbERVOIRS 

When a body o f  molten magmatic mater ia l  from beneath the ear th 's  
c rus t  intrudes w i t h i n  a few ki lometers o f  the surface and cools s lowly 
over geologic time, there ex i s t s  a p o s s i b i l i t y  o f  a useful  geothermal- 
energy resource. These in t rus ions  can of ten be detected by the presence 
o f  hot springs, geysers, and fumaroles, o r  by changes i n  geochemical, 
geophysical , and geo,logical charac ter is t i cs  o f  the surrounding rocks. One 
diagram of an i n t rus ion  and a geothermal-energy reservo i r  i s  shown i n  
Figure 3.1. 

The essent ia l  charac ter is t i cs  o f  a useful  geothermal-energy reservo i r  are: 

a heat source within an economically exp lo i tab le  depth 

0 a source o f  f l u i d  t o  t ranspor t  the heat t o  the sur 

a geothermal-energy reservo i r  region o f  s u f f i c i e n t  igh rock per- 
meab i l i t y  ( f o r  f l u i d  f l o w  i n  the rock) 

0 a cap rock o r  seal over the reservo i r  t 
heat and pressure. 

A cap-rock region owes i t s  existen 

u f f i c i e n t l y  confine the  

sel f  -seal ing property of geo- 
thermal-energy reservoirs,  wherein hot and steam escape upward from the  
reservo i r  and leave mineral deposits, which tend t o  reduce the rock 's  perme- 
a b i l i t y ,  thereby c rea t ing  a seal over reservo i r .  As a d i r e c t  consequence 
o f  t h i s  seal , the geothermal -energy r e  v o i r  h igh temperatures and pressures. 

Two types o f  geothermal rese hydrothermal and geopressured - are 
present ly  being considered f o r  develo nt .  The hydroth 1 reservo i rs  can 
be vapor (steam) dominated 1 i k e  T 
(water) domi nat l i k e  the geothe Imper i a1 Val 1 ey. 
The temperature o f  the water o r  steam 
vary up t o  a t  leas t  35OoC (662OF). T 

o i r s  are known t o  
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FIGURE 3.1. Model o f  Geothermal-Energy Reservoir 

bottom hole pressures ranging from 800 bars (9000 p s i )  t o  more than 1300 bars 
(15,000 p s i )  and temperatures from 12OoC (248OF) t o  over 175OC (347°F).(3) 
Hot d ry  rock and magma are two other geothermal energy resources t h a t  are cur- 
r e n t l y  under invest igat ion,  but  these sources are not expected t o  be widely 
used i n  the near fu tu re  and w i l l  not be considered i n  t h i s  report.  
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3.1 HYDROTHERMAL RESERVOIRS 

A geothermal-energy reservoir depends upon surface water for i t s  water 
content. Some geologic structures are such tha t  the surface water has t o  
travel many miles before i t  reaches the reservoir. Water-dominated geothermal 
reservoirs are the most common, and the least advantageous for electric power 
production. 
more rare, are the most ideal for power generation. 
produce about 2/3 of a l l  geothermal-energy electric power i n  the world. The 
Geysers f ie ld  i n  California is  one example of a steam reservoir. 
quantity of charge water provided by surface runoff is not adequate for main- 
t a i n i n g  a completely liquid system, and hence, the upper parts of the reservoir 
become filled w i t h  steam. 

Vapor-dominated or steam reservoirs, on the other hand, though 
Steam reservoirs presently 

Here the 

In water-dominated reservoirs tha t  have sufficiently h igh  temperatures, 
gas injection into the well may be used to start the f l u i d  flow. As the f l u i d  
starts t o  flow, some of the h o t  water f las  to.steam and a geyser-like erup- 
t i on  occurs a t  the surface. Once the f l  started, i t  is generally self-  
sustaining. 
cond i t i ons . Large quantities of water and steam are produced under these 

For -steam turbine use, the steam must be separated a t  the surface. The 
resulting volume ratio of steam t o  water i s  a function of the separator pres- 
sure and temperature. 
water temperature of 3OO0C yields 33 percent steam and 67 percent l i q u i d :  
2WoC yields 11 percent steam and 89 percent l i qu id .  (4) F1 ashed-steam 
systems from water-dominated reservoirs produce about 1/3 of the electric power 
from geothermal energy. Hot-water systems bel ow temperatures of 15OoC may 
prove useful for  power production i n  binary-cycle plants. These plants use a 
secondary f l u i d  w i t h  a lower vapor poin t  than  water (such as fluorocarbon) t o  
drive the turbine. 
Raft River, Idaho and East Mesa, California. 

For example, a t  a pressure of 4.46 bars .(50 psi), a 

Binary plants are under construction or ni t ia l  !startup a t  
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For. the power plants listed in Table 3.1 the reservoir temperatures vary 
from 150 to 30OoC. 
Zcaland and in the Salton Sea area of the U.S.)  Reservoir producing zones are 
located as deep as 300 to 3700 m (1000 to 12,000 ft) under the land surface, 
although most appear in the 1-2000 m range. 
ervoirs varies from fractured shale and sandstone to andesitic volcanics. 
Regardless of the surrounding geological formations, the rock must be suffi- 
ciently permeable to allow the flow of fluids into the production wells with a 
minimum drop in pressure. Permeability, which is measured in darcy -'symbol D 
- refers to the capacity of a porous rock, soil, or sediment to transmit a 
fluid without damage to the medium. A bed of rock that passes fluids very 
easily would have a permeability of 100 millidarcy (mD) or greater, while an 
impervious rock would have a permeability of 2 mD. 
formations, such as sandstones, premeability-is primarily a function of the 
intergranular porosity of the rock. Under these circumstances, the rock is 
said to have primary premeability. Whenever permeability is controlled by the 
fracture and fault properties of the formation the material is characterized 
as having secondary or bulk permeability. 

Characteristics and Classification of Geothermal Fluids 

(Temperatures as high as 35OoC have been found in New 

The rock composition of the res- 

In relatively homogeneous 

Geothermal-energy reservoirs may be distinguished by the salinity, tem- 
perature and acidity of their fluid systems. 
total dissolved,solids (TDS) and is an indication of the problems that may be 
encountered due to scaling, corrosion, precipitation, and fluid disposal in 
general. Equally important is the acidity (measured in pH) of the geothermal 
fluids. Table 3.2 shows the wide range of temperatures, TDS, and pH that has 
been measured for geothermal-energy fluids sampled at a representative cross- 
section of the world's major geothermal development sites. Some of the fluid 
specimens were taken at the surface from hot springs and others from sub- 
surface reservoirs that were tapped by way of down-hole well sampling. 

Salinity is often measured by the 
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TABLE 3.1. Geothermal Reservoirs for Power Productions 

,_ " 

Geothermal 
Power Plant 

(1 976) 

The Geysers, U.S. 502 11 OS 250 

Larderello, I ta ly  420 15 US 200 
donte Aniata, I ta ly  

LIalrakei, dew Zealand 193 7 FS 273 
Kwerau. dew Zealand 
Broadlands, ;;ew Zealand 

180 88 3000 e Growth: 

Geol ooy : 

Disoosal : 

150 467 3309 1 2  Growth: 
Geology : 

Disposal : 

909 61 2530 7 i  Growth: 
Geolocv: 

Disposal : 
I 

Hachimantai, Jaoan 10 l ? ?  1 ? 3 0 0 0 ?  
Hatchobaru, Japan 50 2 F S ?  ? ? ?  ? 
ilatsuka*a. Japan 20 1 US 240 5 3600 7; 

Oni kobe, Japan 25 1 DS 283 ? 12 3000 ? 

Onuma. Japan 
Otake. Jaoan 

Cerro Prieto,  Mexico 

Pathe. Mexico 

fiamufjall I Iceland 

Krafla. Iceland 

Paratunka. 'JSSR 

13 1 FS 
13 1 FS 

75 2 FS 

3.5 1 FS 

3.0 1 FS 

60 

0.75 1 I{# 

260' 
200" 

390 

153 

260 

~ ~ Comnents 

1400 by 1985. Generation beoan i n  1960 
a t  12.5 I!Ve. I 

Metamorohosed hiahlv fractured Franciscan 
shale and sandstone. Ikso--oil 
Steam is condensed ant relnjected. 
densable qases, primarily COz  and H2S. are  
vented to  atnosoliere 
Generation beoan in 1904. 
Cavernous limestone and anbydrite w i t h  
i n n e m a b l e  schistous clays above. 
Condensate oases to  natural drainage. High 
in boron. 
303 MI& orojected. 
Rhvolitic nunice breccia and own jointed 
welded t u f t ,  in reoion of volcanisni and 
faulting. Pleistocene. 
Brine i s  discharpd into a larqe river. 
subsidence i s  occurrinn. 

iioncon- 

Production began i n  1998. 

Land 

Grovth: Production s tar ted i n  1971. data lackinq. 
Grwth: Under construction. data lackinq. 
Growth: 60 Yl!e expected bv 1380. Production s tar ted 

i n  1966. 
Geoloay : Andesitic volcani cs . Pleistocene. 
Oisnosal: Condensate discharged into natural drainaqe. 
Growth: Construction s tar ted ADril 1973. Comoletion 

due 1375. 

? 3 4500 ? Srotrth: 
? 5 3000 Growth: 

10 15 4500 73 Growth: 
Geol ogv : 

aisnosal : 

1 12 1003 ? Growth: 

20 4 2200 ? Grorth: 
I 

Ceplony : 

82 ? , 8 1 3 0  7: Sroicth: 

Operation beqan i n  1973 a t  4.8 MWe. 
Joeration began i n  1967 a t  12 MWe. 
exnected by 1980 
150 IWe bv 1982. 
Highl:# fractured sandstone and shale a t  The 
San Jacinto Fault Zone. Late Tertiary. 
Brine follows natural drainage t o  Gulf of 
California. Condensed steatn sunolies ootable 
water. 
Exnerirlental plant s tar ted i n  1958. ,io 
exnansion olanned. 
3 Xle nlant in ooeration since 1969. 
60 MI:e construction s tar ted in 1374. 
Late Quaternarv centers o f  daci t ic  
and rhyol i t ic  volcanisoi. 
Jinarv crcle  oneration w i t h  Freon began i n  
1964. 

60 

Paurhetka. UZSR 5.0 2 FS 173 1 8 1000 ? Growth: 3peration began i n  1967 a t  3 I l k .  

Ilakhachkala. USSR 12 ? FS 160 ? 12,300 ? Grwth: Under construction. 
Ahuachapan. El Salvedor 30 1 FS 230 10 ? 1500 ? Growth: 60 MU i n  1977. 95 MW total .  Generation 

kxoansion t o  20 M k  is  olanned. 

began i n  1975. 
Geology: Fractured andesitic lavas. 
Disposal: Surface disposal to  the Rio Paz River 

present. In the future will use other 
means. 

(a)  System type: DS = dry steam, FS = flashed steam, HW = hot water (not flashed). 
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' TABLE 3.2. Characteristics of Geothermal Fluids from 

U e l l  and Locat ion  

Joseph O'Neil. Sportsman #l 
Sal ton  Sea. CA 

Cesano 1 U e l l  
Worthern Latium. I t a l y  

S ta te  o f  C a l i f o r n i a  11 
Sa l ton  Sea. CA 
Sen Kyoko 'Ndbwell 
Hakone. Japan 

W q  MtiMAX 13 
Sa l ton  Sea, CA 

Pioneer Development X 3 
Sa l ton  Sea. CA 

Reykjanes Spr ing ' 
Reykjanes Peninsula, Ice land 

D r i l l h o l e  No. 2 
Sousaki, Greece 

M-3 
Cerro Pr ie to .  Mexico 

U e l l  Y3 
Svartsenqi , Ice land 

AH-1 
E l  Salvador 

Nowlin 11 
Heber. CA 

Kaseman n2 
James R iver  Basin. NM 

P h i l l i p s  W e l l  54-3 
Roosevel t. UT 

No. 1 
Hatchobaru. Japan 

Bore 67 
Uairakei .  New Zealand 

I C 4  
Ching Shui Area, Taiwan 

Hawai i 

Puqa. I ? d i a  

HGP-A 

611-8 

Go-2 
Oni kobe-Ka t a y a m  , Japan 

E 101 
Tatum Area, Taiwan 

Hole 6-3 
Hveraqerdi , Ice land 

U e l l  X1 
Uabuska. NV 

Uarner 11 6 2 
Uarner. CA 

Slant  Hole Gnpire. DH-1 
l b r y s v i l l e .  Kl 

~ 

Selected Geothermal Sites 

Temperature, 'C 

310 - 340 

204 

304 

100 

240 

Not a v a i l a b l e  

100 

250 

292 

236 

210 

190 

170 

Ave = 277 

300 

260 - 294 

250 

190 

260 

224 

294 

160 

21 6 

155 

139 

110 - 180 

TDS. ppm 

334,880 

356.000 

219,500 

175,000 

11 6,100 

11 0,000 

52,160 

44.550 

25,000 

27,300 

22,000 

12.900 

11,300 

6.442 

4,720 

4,400 

4,255 

2,500 

2.000 

2.065 

1.735 

1,036 

1,050 

330 - 340 

176 

pH 

4.82 - 6.10 

8.50 

No record  

1.4 

5.14 

6.5 

6.2 - 6.99 

6.5 

6.2 

6.15 

7.4 

Ave = 6.72 

7.0 

6.45 - 7.1 

6.5 

8.15 

7.0 

8.5 

7.9 

6.9 

2.1 

9.6 

8.76 

9.5 - 9.6 

7.4 

Type 

Br ine, 

Br ine,  

Brine, 

Br ine,  

Br ine,  

Br ine,  

Br ine,  

Brine, 

h i g h  temperature 

h igh  temperature 

h igh  temperature 

medium temperature 

h igh  temperature 

medium temperature 

h igh  temperature 

Sal ine,  h i g h  temperature 

Sal ine,  h i g h  temperature 

Sal ine,  h i g h  temperature 

Sal ine,  h i g h  temperature 

Sal ine,  h i g h  temperature 

Brackish, h igh  temperature 

Brackish, h i g h  temperature 

Brackish, h igh  temperature 

Brackish, h igh  temperature 

Brackish, h igh  temperature 

Brackish. h igh  temperature 

Brackish. h igh  temperature 

Brackish, h igh  temperature 

Brackish, h i g h  temperature 

Fresh, medium temperature 

Fresh, medium temperature 

. 
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F o l l  owl ng Renner White and Wil l iams,( ')  we can c l a s s i f y  geothermal- 
energy f l u i d s  by temperature: 

Temperature Type Appl 5 ca t ion  

Class 1: >15OOC High temper a t  ure Power generation 

Class 2: 90 - 150% 

Class 3: < 90% Low temperature 

I n d u s t r i a l  appl icat ions 

Industr  i a1 app 1 i cat4 gns 
Space heating 

Agr icu l tu re  
Bal neol ogical  baths 

Med i um temper a t  ure 

Simi lar ly ,  we may c l a s s i f y  f l u i d s  by s a l i n i t y  using TDS as a measure o f  sa l i n -  
i ty: 

Class A: <lo00 ppm ( f resh water) 
Class B: 1000 - 10,000 ppm (brackish water) 
Class C: 10,000 - 36,000 ppm (sal  i ne water) 
Class D: >36,000 ppm (br ine) 

This system,(') which i s  w e l l  sui ted f o r  geothermal-energy f l u i d  c l a s s i f i c a -  
t ion, i s  a modif ied version o f  one designed by the American Water Works Associ- 
a t i on  (AWWA).(a) Using a combinatio 
assign f l u i d s  t o  one o f  12 categoire 
E l  e c t r  ic-power-produci ng reservoirs w i t h  temperature 
would f a l l  i n t o  the 1A t o  1D cate 
because o f  the lower TDS. 

(a) The AWWA system o f  

assi f icat ions,  we can* 
lA ,  2A, 3A, lB, 2B, 38 and so fo r th .  

r e  desirable than 10 
150°C or  greater 

<500 ppm 
$1000 ppm f resh water 

1000 - 3000 p s l i g h t l y  brackish 
3000 - 10,000 ppm moderate 1 y brac k i s h 
10,000 - 33,000 ppm h i g h l y  brackish - 

36,000 or greater b r  i ne 
33,000 - 36,000 ppm sea water . I 
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Figure 3.2 i l l u s t r a t e s  the c l a s s i f i c a t i o n  system using data points  from 
Table 3.2. TDS tends t o  increase propor t ionate ly  w i th  temperature, but  the 
sca t te r  band i s  wide. To fu r the r  c l a s s i f y  f l u i d s ,  the nearest in teger  pH number 
o f  the f l u i d  can be included i n  the code. For example, a high-temperature, 
low-TDS, and neutral-pH f l u i d  would be 1A7; whereas a hot, briney, ac id ic  f l u i d  
would be 1D2. 

From the standpoint o f  corrosion, the a c i d i t y  o f  the f l u i d s  may be more 
important than t h e i r  s a l i n i t y .  Geothermal f l u i d s  vary from h igh l y  ac id i c  t o  
moderately basic. The pH o f  the samples i n  Table 3.2 ranges from 1.4 t o  9.6 
(neutral  f l u i d s  have a pH o f  7.0). The spread i s  i l l u s t r a t e d  i n  Figure 3.3, 
which also shows no dominant re la t ionsh ip  between the temperature and the pH. 
Corrosion i n  e l e c t r i c a l  power p lants  can be cont ro l  l ed ,  i f  the  pH o f  geothermal 
f l u i d s  i s  greater than 7.0. Chemicals may be added t o  the geothermal energy 
f l u i d s  t o  r a i s e  the pH t o  the desired values. However, the addi t ion o f  chemi- 
ca ls  a f fec ts  not on ly  the economics o f  the operation, but  also the disposal o f  
f l u i d s .  

The chemical const i tuents found i n  geothermal-energy f l u i d s  are l i m i t e d  
on ly  by the number o f  elements found i n  the producing reservo i r  and by t h e i r  
s o l u b i l i t y  i n  water a t  the e x i s t i n g  temperatures. Figure 3.4 l i s t s  the 26 
elements most commonly found i n  a va r ie t y  o f  f l u i d  samples taken from around 
the western U.S. (6) The dominant elements are sodium, potassium, calcium, 
s i l i c o n  and chlor ine.  However, other elements such as arsenic, boron and mer- 
cury, which tend t o  be present on ly  i n  r e l a t i v e l y  small amounts, may cause 
s i g n i f i c a n t  disposal problems because o f  t h e i r  t o x i c i t y .  Arsenic (As) concen- 
t r a t i o n s  i n  geothermal-energy f l u ids ,  f o r  example, have been found t o  vary 
100-fold from 0.1 t o  10 mg/a (see Figure 3.4). By comparison, concentrations 
i n  f resh  water range from 0.003 t o  0.050 mg/a. According t o  the U.S. EPA's 
Safe Drinking-Water Act, arsenic concentration may not exceed 0.05 mg/a; the 
C a l i f o r n i a  standard i s  50.01 mg/&. (The primary d r ink ing  water regulat ions 
were establ ished pursuant t o  sect ion 1412 o f  the Publ ic  Health Service Act as 
amended by the Safe Drinking-Water Act.) Typical standards are 1 mg/a f o r  food 
and 0.1 mg/a f o r  beverages. The t o x i c i t y  o f  arsenic depends upon the  chemical 
s ta te  o f  the arsenic. I n  the form o f  arsenious oxide, a dose o f  100 t o  300 mg 
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FIGURE 3.4. Concentration Ranges for Elements i n  Geothermal Waters 

is usually fa ta l  to  humans. Reportedly, ca t t le  have died i n  New Zealand af ter  
being fed plants grown i n  geothermal waters contain- i n g  small amounts of 
ars en i c . (7) Apparently, the plants absorbed and stored the toxic 'arsenic. 
F lu ids  a t  .other geothermal-energy s i tes ,  such as Raft River, Idaho, however, 
are relatively low is dissolved chemicals and are being tested for use i n  
agri cu 1 tural purposes . ( 8 )  Chemical analyses should be undertaken at  each 
s i t e  before disposal systems are designed, i n  order t o  identify the s i t e  
specific chemical concentrations i n  the geothermal-energy fluids. 

' 

)I 

Chemical constituents may vary du ir production 
of physical changes over time. T h i s  phen s been observed i n  Larder-. 
ello, Italy, where the water purity incre resher recharge-water entered 
the reservoir. Chemical analysis o f  the fluids should t h u s  be an ongoing 
requirement. 'Data from periodic measurements may indicate a need t o  modify the 
chemical treatments and disposal procedures 
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While the above c l a s s i f i c a t i o n  system may be useful  f o r  c lass i f y ing  f l u i d s  
from geothermal-energy reservoirs,  i t  may not r e l i a b l y  disclose scal ing and 
well-plugging problems. Scaling and plugging are caused p r imar i l y  by three 
classes o f  mater ia ls:  (a) s i l i c a  and s i l i ca tes ,  (b) calcium carbonate, and 
(c )  metal sul f ides,  sul fates,  oxides and carbonates. One or more o f  these 
sources may contr ibute heav i l y  t o  the TDS; i n  these cases a high TDS ind icates 
probable scal ing and plugging problems. Some f l u i d s  containing mostly sodium 
or  potassium s a l t s  would have equal ly high TDS's, but  those readings would be 
misleading, because sodium and potassium do not necessar i ly  cause plugging and 
scal ing. For fu r the r  discussion see Section 5.3. 

Noncondensable Gases 

Geothermal f l u i d s  normally contain non-condensable gases which requi re 
disposal. The p r inc ipa l  gases and t h e i r  concentrations f o r  a selected set  o f  
samples are shown i n  Figure 3.5. Carbon dioxide i s  the most common gas and 
o f ten  comprises 70 t o  80 percent o f  the t o t a l  gas composition. 
carbon dioxide from wel ls a t  the Imperial Valley, Cal i forn ia ,  and Larderkl lo,  
I t a l y  have been used f o r  the production o f  d ry  ice. 

e 

I n  fac t ,  

Although a minor const i tuent of geothermal f l u i d s ,  hydrogen s u l f i d e  pre- 
sents a d i f f i c u l t  disposal problem because o f  i t s  odor a t  r e l a t i v e l y  low con- 
centrat ion leve ls  and t o x i c i t y  a t  higher concentrations. It also complicates 
corrosion problems. A t  The Geysers, Cal i forn ia ,  hydrogen s u l f i d e  cons t i tu tes  
approximately 4.5 percent o f  the noncondensable gases and 225 ppm o f  steam. 
About 30 percent o f  the hydrogen s u l f i d e  i s  in jec ted  i n t o  the reservo i r  w i th  
the condensate. Current OSHA standards speci fy  exposure l i m i t s  o f  15 ppm f o r  
15 min o f  exposure or  10 ppm o r  10 hr o f  exposure. Safety requirements w i l l  
usua l l y  spec i fy  tha t  monitors and alarms be i n s t a l l e d  and t h a t  resp i ra to r  
apparatus be avai lab le i n  p o t e n t i a l l y  hazardous areas. Poten t ia l  problems 
e x i s t  w i th  a number o f  the other gases, such as hydrogen and mercury, depending 
on t h e i r  concentration i n  the f l u i d s  and the methods o f  disposal. 

- 
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In addition to the gases listed in Figure 3.5, traces of radon and com- 
pounds of arsenic have been found in geothermal gases and are currently being 
investigated. Many of the compounds, such as those of boron and sulfur, are 
also present in the gases and in the liquids used in geothermal-energy plants. 
These compounds at certain concentrations and exposud levels may adversely 
affect vegetation in the area. In any case, the disposal o f  geothermal-energy 
gases is integrally related to the disposal of geothermal-energy fluids and 
must be taken into account in the design of any system. 

At geothermal facilities, gases enter the atmosphere primarily in four 
f ashi ons : 

through outgassing of brine dumped at the wellhead 

0 through off-gas ejectors designed to remove noncondensable gases from 
the stream 

0 through the cooling towers 

through outgassing of condensate at the power plants. 

In addition, gases may pose certain hazards during the drilling operations; 
during testing and clean-out of wells (when the well is allowed to flow at full 
capacity to the atmosphere); and during times when the power plant is shut down 
but the wells are allowed to continue to flow. Under this latter condition, 
the total effluents from the well may be run through a silencer and dumped in 
a temporary holding pond. Even during long dormant periods, bleeder valves are 
normally installed on the wells to allow some continuous flow at much lower 
rates . 
3.2 GEOPRESSURED GEOTHERMAL - ENERGY SY STEMS 

Geopressured systems are sedimentary zones in Tertiary basins in which 
abnormally high fluid pressures and temperatures are found. These zones are 
found in many places throughout the world. The zones are typically found at 
depths of 1500 to 3500 m deep, at which point the reservoir pressures exceed 
the hydrostatic head and, in fact, approach 75 to 90 percent of the 
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1 i t hos t at  i c head . (lo) The over-pressure zones occur i n  layers from a few 
meters thick to  several thousand meters thick, i n  which the overburden rides 
on under-compacted clast ic  sediments (sand and clay'or shale). Typically 
these zones have a porosity 6 t o  8 percent greater than would occur a t  that  
depth if fu l l  compaction took place. Consequently, permeability of these 
zones tends t o  be moderate, up t o  25 mD. (An interesting feature of these 
geopressured systems from an energy standpojnt, is that the water contains 
dissolved hydrocarbon" gases, i n  particular, methane.) 

G u l f  Coast region. The water here is usually sl ightly alkaline (pH 7.8 t o  8.5) 
and contains total  dissolved solids of about 15,000 ppm. 

6, 

Table 3.3 provides estimates of how much energy can be recovered i n  the 

The primary problems i n  tapping these resources will be the disposal o f  
large volumes of saline water. Surface dumping is a logical choice if the si te 
is near enough t o  the ocean and subsidence control does not require 
injection. (12) 
potential method for disposal if a large enough receiving reservoir can be 
found. DOE contractors are presently conducting research i n  Louisiana and 
Texas to determine the extent of and the feasibi l i ty  of us ing  the geopressured 
geothermal-energy reservoirs t o  produce economical power 

8 

Injection in to  a nonproducing reservoir is considered a 

* 
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Reservo i r  

AT1 

BT1 

BT2 

CTl 

OT1 

DT2 

OT3 

OL5 

ETl 

ET2 

ET3 

ATL2 

DTL4 

OL6 

ETL4 

.EL5 

EL6 

EL7 

FT1 

FL2 

FL3 
T o t a l s  

TABLE 3 .3 .  Assessment o f  "Recoverable Energy" under the 
Assumed Basic Development Plan, P an 1. 

Papadopulos et a l . ,  1975 1 11) Source: 

A v a i l a b l e  
Format ion 
Drawdown, 

in 

3,060 

2.41 0 

2,370 

2,690 

2.780 

3,250 

3,090 

2,580 

2,620 

3,730 

3,950 

2,640 

2,900 

2,550 

2,950 

3,730 

3.730 

3,680 

2,920 

3,430 

4,180 

Flow r a t e -  
Drawdown 
R a t i o  

10-5 m2 js  

4.9 

6.2 

6.3 

5.6 

5.4 

4.6 

4.9 

5.8 

5.7 

4.0 

3.8 

5.7 

5.2 

5.9 

5.1 

4.0 

4.0 

4.1 

5.1 

4.4 

3.6 

We1 1 
Spacing, 

km 

3.1 

3.1 

3.9 

3.5 

2.6 

2.4 

3.2 

3.5 

3.7 

2.9 

2.5 

2.4 

3.2 

3.2 

3.5 

2.7 

2.6 

2.3 

2.7 

2.5 

2.5 

- 

No. o f  
We1 1 s 

930 

2.180 

890 

450 

1,210 

a40 

500 

600 

370 

a30 

590 

930 

190 

730 

280 

1.110 

1,310 

1,iao 

31 0 

750 

980 

17,160 

Vol . 
o f  Water 
Produced, 
101 0 .in3 

8.80 

20.64 

8.43 

4.20 

11.46 

7.95 ' 

4.73 

5.68 

3.50 

7.86 

5.59 

8.80 

1 .ao 
6.91 

2.65 

10.51 

12.40 

11.17 

2.93 

7.10 

9.28 

162.33 

Thermal 
Ener y 

58.5 

117.1 

52.2 

23.6 

71.5 

49.6 

29.3 

31.9 

18.4 

48.4 

33.3 

54.2 

l O 1 i  ; 

10.8 

37.0 

13.9 

66.2 

75.1 

59.8 

18.1 

40.1 

52.0 

961 .O 

- 

Methane Energy 
Thermal Mechanical 

Volume, Equ iva len t  , 
1010 s td .  in3 1018 J 

96.7 36.5 

173.3 65.4 

80.1 30.2 

32 .O 12.1 

* 102.0 38.5 

72.4 27.3 

43.6 16.5 

45.5 17.2 

25.6 9.7 

62.9 23.7 

46.4 17.5 

77.5 29.2 

16.9 6.4 

53.9 20.4 

17.8 6.7 

84.1 31.7 

95.5 . 36.0 

95.0 35 .8 

29.9 11.3 

51 .a 19.6 

76.1 28.7 
520.4 1,379.2 

2.1 

4.5 

1.8 

1 .o 
2.6 

1.9 

1.1 

1.3 

0.8 

2.1 

1.5 

2 .o 
0.4 

1.5 

0.6 

2.8 

3.3 

2.9 

0.7 

1 .8 

2.6 

39.3 
- 



4.0 THE PHYSICAL PLANT 

4.1 GEOTHERMAL WELLS AND EQUIPMENT 

Geothermal-energy production wells are similar to oil wells with respect 
to their casing, downhole pipe constructi 
This is largely due to th 
make safe geothermal -ener 
roleum industry. The we1 
Wairakei geothermal-energy field 

and we1 1 head mechanical equipage. 
ct that the equipment used to drill, complete, and 
ells was originally designed for use in the pet- 

n Figure 4.1 is .typical of those used at the 

* 

The major difference between geothermal-energy wells and oil wells is that 
oil wells.-are built with casings in their production zone and geothermal wells 
generally are not . Additional equipment and special completion techniques are 
often used'for oil wells, beca 
sand. The lined well shaft is rforated in the production zone; and produc- 
tion tubing is installed and h 
mal-energy wells, on the other 
no casing in the production zon 

Thermal cycling endemic to 
account when designing these en 
operation to shutdown, the temp 
hundred degrees. As such, the 

these wells are drilled in soft shale or 

in place by a production packer. Geother- 
d, when completed in hard rock, often require 

othermal-energy wells must be taken into 
systems. 
ure of the equipment could change by several 
Geological Survey requires that steel used 

rength following the American Pet- 

In changing from full-flow well 

asing be derated for tensile 
guidelines. API d for we1 1 casings found in geo- 

thermal-energy wells (comonly expressed in English units of measure) are show 
in Table 4.1. The casing grades of steel typically used in geothermal-energy 
wells are 5-55, K-55, and N-80. 

Well head equipment is mount on a flange that is welded to the surface 
casing, which normally is cemente 
the well A thermal expansion sp 
allows for free elongation or contraction of the intermediate casing. The 
spool also accommodates one or more bleeder outlets wherein pressure 

at least one-tenth of the total depth of 

I ' 1  
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HUKA 
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LJ 
FIGURE 4.1. Typical Casing P r o f i l e  a t  Wairakei 
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TABLE 4.1. American Petroleum Industry (API)  Casing 
List Source: B. C.  Craft, e t  ai. 
(Reference 14) 

Outside 
diameter. In. 

4 112 

5 

5 ili! 

6 

6 518 

7 

7 618 

Ual l  Naninal 
thickness, in.  weight, l b l f t  

0.205 9.50 
0.250 11.60 
0.250 11.60 
0.290 13.50 
0.337 15.10 

0.220 11.50 
0.253 13.00 
0.296 15.00 
0.296 15.00 
0.362 18.00 

0.228 13.00 
0.244 14.00 
0.275 15.50 
0.304 17.00 
0.304 17.00 
0.361 20.00 
0.415 23.00 

0.238 15.00 
0.288 18.00 
0.288 18.00 
0.288 18.00 
0.324 20.00 
0.380 23.00 
0.434 26.00 

0.245 17.00 
0.288 20.00 
0.288 20.00 
0.352 24.00 
0.352 24.00 
0.417 28.00 
0.415 32.00 

0.231 17.00 
0.272 20.00 
0.317 23.00 
0.317 23.00 
0.362 26.00 
0.362 26.00 
0.408 29.00 
0.453 32.00 
0.498 35.00 
0.540 3R.00 

0.250 20.00 
0.m 24.00 
0.328 26.40 
0.328 26.40 
0.375 29.70 
0.430 33.70 
0.500 39.00 

Availab e 
threads b )  

5 
S.L 
L 
L 
L 

5 
S.L 
s.1 
L 
L 

5 
S 
s .L 
s.1 
L 
L 
L 

5 
S 
S.L 
L 
L 
L 
L 

5 
S 
s .L 
S.L 
L 
L 
L 

5 

s.1 
L 
S.L 
L 
L 
L 
1 
1 

s 
S 

S A  ' 

(a) Casing grades listed here are those referred to  i n  Sec. 2.2 and Table 2.1 

(b) "5' indicates ava i lab i l i t y  i n  short threads, "L" I n  long threads. 
of Reference 4.2. 
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Outside 
diameter, in.  

8 518 

9 518 

10 314 

11 314 

13 518 

16 

20 

TABLE 4.1. (contd) 

Wall 
thickness, in. 

0.264 
0.304 
0.352 
0.352 
0.400 
0.400 
0.450 
0.500 
0.557 

0.281 
0.312 
0.352 
0.352 
0.395 
0.395 
0.435 
0.472 
0.545 

0.279 
0.350 
0.400 
0.450 
0.495 
0.545 
0.595 

0.300 
0.333 
0.375 
0.435 
0.489 

0.330 
0.380 
0.430 
0.480 
0.514 

0.312 
0.375 
0.438 
0.495 

0.438 

Nominal 
weight, l b l f t  

24.00 
28.00 
32.00 
32.00 
36.00 
36.00 
40.00 
44.00 
49.00 

29.30 
32.30 
36.00 
36.00 
40.00 
40.00 
43.50 
47.00 
53.50 

32.75 
40.50 
45.50 
51 .OO 
55.50 
60.70 
65.70 

38.00 
42.00 
47.00 
54.00 
60.00 

48.00 
54.50 
61.00 
68.00 
72.00 

55.00 
65.00 
75.00 
84.00 

94.00 

Availab e 
threadslb) 

S 
S 

S 
s .L 
SSL 
L 
L 
L 
L 

S 
S 
S 
S,L 
s ,L 
L 
L 
L 
L 

S 
S 

S 
S 
S 
S 
S 

S 
S 
S 
S 
S 

S 
S 
S 
S 

S 

S 
S 

S 
S 

S 

(a) Casing grades l i s t e d  here are those referred t o  i n  Sec. 2.2 and Table 2.1 

(b) "S" indicates ava i lab i l i t y  i n  short threads, "L" i n  long threads. 
of Reference 4.2. 
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measurements can be made and small volumes o f  steam or water can be removed t o  
provide some f l ow  from the we1 1. he flow from the 
tained i n  order t o  reduce 
t o  reduce the start-up t ime on the wel l  when,higher f lows are required. 

1 i s  general ly main- 
ermal cyc l i ng  o f  the wel l  casing and cement, and 

. A sa fe ty  valve mounted d c t l y  above the expansion spool can be oper.ated 
e i t h e r  manually o r  by remote t r o l .  
the safety  valve i s  located above the safety  valve, although, more commonly, a 
by-pass spool i s  a f f i x e d  above the safety  valve (see f i g u r e  4.2). The by-pass 
l i n e  and-the main l i n e  both requi re valves tha t  are essen t ia l l y  i den t i ca l  t o  
the safety  valve. 

Sometimes a working valve i den t i ca l  t o  

The bypass l ine,  as shown i n  Figure 4.2, i s  use rov ide an a l ternate 
path f o r  the f l ow  when the power p lan t  i s  not operating or  when the we l l  i s  
under test .  
prevent sand and gravel accumulation. Discharges from the by-pass l i n e  can be 
exceedingly noisy, espec ia l l y  w i t h i n  a 50 m radius. 
heard up t o  a k i lometer away. Consequently, a s i lencer  should be used on the - 
end o f  the by-pass l ine .  The twin cyclone s i lencers shown i n  Figure 4.3 are 
commonly used and have been found t o  reduce the noise l eve l  t o  less than 100 
db w i t h i n  30 m o f  the si lencers. 

It i s  desirable t o  keep some f low i n  the wel l  a t  a l l  times t o  

Sometimes they can be 

(15) 

The s i lencers i n  Figure 4.3 are approximately 2 m i n  diameter and 4 t o  
5 m t a l l .  
cyclone action, wh 
water i s  discharge 
system. Noncondensabl w i l ' l  continue t o  be discharged as long - 
as the s i lencers are i n  o 
steam i t s e l f  may present 
o f ten  d r i f t s  a 

They d iss ipa te  energy and al low steam t o  separate from the water by 

hen i n t o  the remainder of the disposal 

n. Under ce r ta in  atmospheric conditions, the 

vents the steam upward from the top of the s i lencer.  The 

a1 concern; a t  Wairakei, f o r  example, steam 
ng v i s i b i l i t y  t o  essen t ia l l y  zero. 

) i s  r e l a t i v e l y  expensive t o  i n s t a l l  
use o f  wear and tear  caused by geothermal 

I i s  ' the most e f fec t i ve  and leas t  expensive 
of a l l  the types of s i lencers t h a t  have been used around the world. 
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FIGURE 4.2. Diagram o f  the Wellhead and Associated Equipment 
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If a body of water or a river is available, the open ended by-pass line 
simply discharges the total wellbore flow into the water body a t  least one 
meter beneath the water surface. The discharge line must be firmly anchored 
to prevent whipping actfon, and the water depth must be sufficient to  quench 
the steam. A t  Wairakei, a submerged silencer discharges into a cooling pond 
through a perforated steel pipe anchored horizontally i n t o  the pond and sub- 
merged approximately 1 m. 
of the cooling pond be adequate for dissipating the energy for extended periods 
of time. Dench (15) found that a cooling pond of approximately 1200 m 
(1/4 acre) i s  required t o  handle the discharge of 16.5 kg/sec (130 k l b / h r ) ,  
based on an average cooling rate of 31.5 kW/m (which assumes a bo i l ing  water 
surface for the pond). 

Dur ing  normal operations of the power plant, the silencers are not i n  use 
and the f l u i d s  from the wellbore<go directly t o  the cyclone separator (see 
Figures 4.2 and 4.4). The separator removes high-quality steam from the water 
a t  a minimum pressure drop and passes the steam into the power plant's collec- 
t ion  system. Steam yields 'from a wate 

. 

In this case, i t  is important that  the surf.ace area 

2 

ated reservoir are approximately 

STEAM OUTLET 

FIGURE 4.4. Cyclone Separator 
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10 t o  20 percent by weight of the f l u i d s  coming from the well- bore. The 
separator can obtain dry steam (about 0.5% mass wetness ra t io)  a t  pressure 
drops of 1 t o  10 ps ig  w i t h  flow rates from the wellbore up to 126 kg/ sec (one 
million lb /hr ) .  (16) The separator is approximately 1 m i n  diameter and 4 m 
i n  height. Cyclone separators are effective and operate w i t h  low maintenance 
because of their simplicity, i.e., they do not contain interior baffles or 
funnels, which could erode or corrode. By removing the steam from the bottom 
of the separator, mechanical tie-down and vibration problems are greatly ’ 

reduced. 

The main d i s t r ibu t ion  system lines are typically 0.5 to 1.5 m i n  diameter 
and are covered w i t h  a heavy insulating material. Special design of the d i s -  
t r i b u t i o n  system is required to  counteract the contraction and expansion that 
takes place because o f  thermal cycling. 

The water line coming from the cyclone separator goes immediately into a 
water drum or collection tank that operates under pressure. The discharge line 
from the water drum contains safety valves and control valves stationed i n  
f ront  of the connection to  the waste discharge system. 

t o  8 MWe per well a t  pressures of 50 t o  300 psig.  The equivalent flow rates 
are 5 t o  20 kg/sec (40 to 160 x lo3 lb /hr )  of steam.(a) The flow pressure 
profile differs for each well bu t  is needed t o  determine optimum operating 
conditions. Flow rates versus pressure for two wells a t  The Geysers (Magma 
No. 1 and Thermal No. 10) are shown i n  Figure 4.5. Most wells are tested 
periodically to  determine the flow-pressure profile. From these profiles the 
operators can determine the desired operating conditions for each well w i t h  
respect to  the power plant requirements. The flow rates given above are for 
steam flow t o  the turbine. .If  separators are used a t  the wellhead, then the 
total flow (water p lus  steam) from the well will typically be 4 to  5 times 

Geothermal-energy wells used currently for electric power will produce 2 

I 

(a) The assumption here is a f l u i d  enthalpy of 1200 Btu/ lb  (typical of The 
Geysers). The temperature is 390OF and the efficiency is 14%. Note 
that 1 MW = 3.413 x 106 Btu/hr.  
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STEAM FLOW lblhr x lo' 
, 

essure-Flow Data from The Geysers 
Source: E. F. E Reference 17 1 

the flow rates above for water dominated reservoirs. 
profiles will be required for injection wells. 
optimize the in ject ion flows t o  each 

Pressure bui ld-up flow 
These profiles will be used t o  

The effects of temperature and 
summarized by Nathenson and Muffler i n  Figure 4.6.- Differences i n  flow ' 

ric Power' production have 

rates between vapor dominated systems and hot water or3lashed systems directly 
affects the design of the disposal system. Also, the lower the water tempera- ' 

ture, the greater the volume of fluids t h a t  will have t o  be disposed of for a 
fixed-size p lan t .  

19 
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FIGURE 4.6. 

MASS FLOW, kghec 

I 1 1 I ' ' ~ ~ 1  I 1 I I ' I r l r l  I '  

5 l$ 5 ld 
MASS ROW, klblhr 

E l e c t r i c  Power Per Well as a Function 
o f  Mass Flow f o r  Various Temperatures 
o f  Hot-Water and Vapor-Domi nated 
systems 
Source: M. Nathenson (Reference 18) 

4.2 ELECTRIC POWER PLANTS 

Flashed o r  Vapor-Dominated Dry-Steam Systems 

I ' \  

. 

The general features o f  e l e c t r i c  power producing p lants  w i l l  be described 
w i th  the emphasis on those features tha t  a f f e c t  l i q u i d  disposal. The main 
features of both flashed-steam and dry-steam e l e c t r i c  power p lants  are shown 
i n  Figure 4.7. The system may be divided a r b i t r a r i l y  i n t o  three major parts: 
1) the turbine, generator, and e l e c t r i c  system; 2) the steam condensing system 
and hot-well water reservoir ;  and 3) the  cool ing tower and cold-well reservo i r . '  
The steam arr ives a t  the power p lan t  a t  near the wellhead temperature and 
pressure, less small losses incurred i n  the steam separator f o r  water- 
dominated reservo i rs  and i n  the transmission and d i s t r i b u t i o n  system f o r  both 
water- and vapor-dominated reservoirs. For vapor-dominated f i e lds ,  such as 

cp' 
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FIGURE 4.7. Electric Power Plant for Flashed-Steam 
and Dry-Steam Systems 

Larde'rello and The Geysers, the steam is l i gh t ly  superheated. For water- 
dominated systems, such as Wairakei, Otake, or Cerro Prieto, the steam arrives 
a t  saturation temperature and pressure. For most plants,  about 96 percent of 
the steam flows directly t o  the turbine and i s  used t o  produce electric power 
and the other 3 t o  4 percent is used i n  the condensers to  drive the gas 
ejectors tha t  ove the noncondensible gases. 
ages of noncon sable gases, turbo camp 
because they are more efficient for h i g h  

i t  is cooled below the vapor po in t  and condenses 
large drum i n  which c water is  W e c  turbine exhaust 
steam. The cold wate 
cooling tower. The hot water condensate from 
i n  the hot-well reservoir and pumped t o  the cooling tower as shown i n  Fig- 
ure 4.7. This process differs from t h a t  of most fossil fuel plants, where the 
steam condensate is isolated from the cold water so tha t  i t  can be returned t o  

In plants w i t h  h igh  percent- 
t o  remove the gas* 

The exhaust steam from the turbine 
r i c  condenser is a 

kd 
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the b o i l e r  wi thout p ick ing  up addi t ional  impur i t ies.  Since geothermal p lants  
do not have boi lers ,  the barometric condenser proves t o  be economical. 

The hot wel l  i s  normally located immediately beneath the condensers, and 
flay consist o f  a simple, concrete-lined, covered reservo i r  i n  which water 
temperatures may be 50 t o  65OC. An overflow l i n e  from the hot wel l  provides 
a means o f  discharging excess condensate. Water from the hot  we l l  i s  pumped 
t o  the cool ing tower, 'where approximateiy three-fourths o f  i t  i s  l o s t  t o  the 
atmosphere as vapor. Most o f  the gases remaining i n  the water o f  the hot  we l l  
w i l l  be released i n  the cool ing tower. Water ( a t  about 26OC)  from the cool- 
i n g  tower f lows back t o  the co ld we l l  and i s  used as the cool ing water f o r  the 
condenser. Any excess water from the co ld w e l l  w i l l  j o i n  the overflow from the 
hot w e l l  and enter the disposal system. As opposed t o  f o s s i l  f u e l  plants, no 
make-up water i s  required f o r  the cool ing tower. Geothermal power p lants  
inherent ly  provide more water than i s  needed and, unless 100% i n j e c t i o n  i s  
required, w i l l  have a net excess o f  water. 

Any remaining steam and the noncondensable gases are co l lec ted  i n  the top  
o f  the barometric condenser and removed by a compressor o r  e jec to r  as' shown i n  
Figure 4.7. If these noncondensable gases meet the discharge standards, they 
may be discharged through an elevated l i n e  and be atmospherically mixed. The 
gases can be dangerous, both from the t o x i c  standpoint, p r i m a r i l y  due t o  the 
hydrogen su l f ide,  and from an explosive standpoint, because of the methane, 
hydrogen and oxygen mixture. Problems can be a l l ev ia ted  by e levat ing the gas 
discharge l i n e  t o  s u f f i c i e n t  heights t o  provide good atmospheric mixing and 
dispersion. However, most o f  the geothermal 'gases are heavier than a i r  and 
care must be taken tha t  p o t e n t i a l l y  dangerous concentrations do not b u i l d  up 
i n  basements, p i t s ,  or  low-ly ing areas. Cerro P r ie to  has experienced these 
d i f f i c u l t i e s  and i s  cu r ren t l y  discharging the gases a t  the waste disposal pond. 

The Binary Cycle Power Plant: L iqu id  Dominated 

An a l te rna t ive  power p lan t  t h a t  i s  cu r ren t l y  rece iv ing  considerable study 
i s  the b inary cyc le  plant,  i n  which the geothermal-energy f l u i d s  are i so la ted  
from the turb ine and condenser system as shown i n  Figure 4.8. This system w i l l  
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probably be applied a t  s i t e s  where the geothermal f l u i d s  have a high chemic 
content and could generate scaling, corrosion, and p r e c i p i t a t i o n  problems. 
Under these conditions, it may prove the most economical t o  keep the f l u i d s  

1 

pressurized and i n j e c t  them i n t o  the formation a f t e r  they have passed through 
the heat exchangers. This treatment prevents f l ash ing  and keeps the f l u i d s  
from coming i n  contact w i t h  the a i r .  However, scaling, corrosion, and precip- 
i t a t i o n  w i l l  s t i l l  be problems though somewhat reduced. 

A.second probable app l i ca t ion  o f  the binary cycle p lan t  i s  i n  areas where 
the geothermal f l u i d s  are a t  a low temperature (Class 3 and par t  o f  Class 2). 
Low temperatures can be used i f  the secondary f l u i d  o r  working f l u i d  ( t y p i c a l l y  
isobutane, fluorocarbon, or ammonia) has a f l a s h  point  t h a t  i s  lower than the 
temperature o f  water. Low-temperature geothermal waters can be used t o  heat 
the working f l u i d  t o  a superheated s ta te  and d r i v e  a turbine. Fol lowing ejec- 
t i o n  from the turbine, the working f l u i d  i s  cooled t o  l i q u i d  s ta te  i n  the con- 
denser and recycled. The cool ing water i n  the condenser i s  phys i ca l l y  i so la ted  
from the working f l u i d  and in jec ted  i n t o  the hot wel l .  Water i s  then pumped 
from the hot wel l  t o  the cool ing tower, where vapor loss occurs and the excess 
water f lows back t o  the co ld  w e l l .  Make-up water may be obtained from surface 
waters if the geothermal f l u i d s  cannot be used. 

To date, the only operating geothermal-energy p lan t  t h a t  uses a b inary  
cycle system i s  loacted a t  Paratunka, U.S.S.R. I n  existence since 1964, t h i s  
p lant  operates on low temperature waters (82OC), which are l a t e r  cycled t o  
greenhouses and u l t i m a t e l y  dumped i n  the Paratunka River. The operation i s  
present ly shut down but it has been successful enough t h a t  the Russians plan 
t o  construct a 25 MWe p lan t  o f  s im i l a r  design i n  the v i c i n i t y  o f  the 
prototype. (19) 

New binary cycle plants are expected t o  go i n t o  operation i n  other coun- 
t r i e s  i n  the near future.  As o f  Ju ly  1977, Japan has had a 1 MWe u n i t  under 
construction a t  Otake; the U.S. now has a p ro jec t  underway i n  the Imperial 
Valley; Magma has a 10 MlJe p ro jec t  a t  the East Mesa s i t e  t h a t  i s  i n  the s t a r t -  
up phase, and the Department of Energy i s  constructing a 5 MWe p lan t  a t  Raf t  
River, Idaho, t h a t  i s  scheduled t o  s t a r t  operating i n  October o f  1980. 
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From a waste disposal standpoint, binary cycle plants present fewer prob- 

lems than other types of geothermal plants if pressurized fluids are injected 
into the producing horizon. Injection will return most of the unused thermal 
energy to the reservoir, prevent the release of noncondensible gases, and 
reduce the corrosion problem by keeping oxygen from the fluids. However, 
because of their low conversion efficiency, binary cycle plants operating at 
low temperatures do require proportionately large volumes of fluids. 

4.3 NONELECTRIC GEOTHERMAL-ENERGY APPLICATIONS 

Most of the literature and recent development associated with the geo- 
thermal industry has been devoted to the generation of electric power, but many 
significant geothermal-energy applications exist in the nonelectric power sec- 
tor. Up to 1975, nonelectric applications have consumed approximately 
6600 MWt, compared with 9500 MWt (or 1480 MWe) for power generation. 

Russia has consumed 5100 MWt from geothermal sources, most of which was 
spent in agriculture to produce over one million tons of vegetables each 
year. Russia also applies geothermal energy technology to space heating and 
refrigeration. Both Hungary and Iceland use geothermal-energy fluids to heat 
homes and commercial buildings. New Zealand utilizes geothermal energy in 
industry: the pulp and paper mills near the Kawerau electric power plant use 
over 100 MWt per year for process heating. These countries and others have 
also utilized geothermal fluids for recreational and healt urposes, such as 
health spas and swimning pools. T ctric uses of geothermal energy - 
space heating and refrigeration, i 
recreational and health purposes - 1  wi 1 1  probably 
electric power generation . Nonelectric appl i cati 
the potential for greater thermal efficiency of 3 
Lindal(20) has charted nonelectric-application capabilities in terms of 
temperature in Figure 4.9. 

processing , agricu 1 ture, and 
the appl ications in 
geothermal energy have 

versus 10-20%. 
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FIGURE 4.9. 

NONELECTR I C APPL I CAT1 ONS 

EVAPORATION OF HIGHLY CONCENTRATED SOLUTIONS 
REFRIGERATION BY AMMONIA ABSORPTION 
DIGESTION I N  PAPER PULP, KRAFT 
HEAVY WATER VIA HYDROGEN SULPHIDE PROCESS 
DRYING OF DIAMATACEOUS EARTH 

DRYING OF FISH MEAL 
DRYING OFTIMBER 

ALUMlNlA VIA BAYER'S PROCESS 
I 

DRYING FARM PRODUCTS ATHIGH RATES 
CANNING OF FOOD 

EVAPORATION IN SUGAR REFINING 
EXTRACT1 ON OF SLATS BY EVAPORATION AND CRYSTALLI ZATl ON 

FRESH WATER BY DISTILLATION 
MOST MULTIPLE EFFECT EVAPORATIONS, CONCENTRATION OF 
SALINE SOLUTION 
DRYING AND CURING OF LIGHT AGGREGATE CEMENT SLABS 

DRYING OF ORGANIC MATERIALS, SEAWEEDS, GRASS, 
VEGETABLES, ETC 
WASHING AND DRYING OF WOOL 
DRYING OF STOCK FISH 
LICENSE DE-ICING OPERATIONS 

SPACE HEAT1 NG 
GREENHOUSES BY SPACE HEATING 

REFRIGERATION (LOWER TEMPERATURE LIMIT) 

ANIMAL HUSBANDRY 
GREEHNOUSE BY COMBINED SPACE AND HOTBED HEATING 

MUSHROOM GROWING 
BALNECXOGICAL BATHS 

SOIL WARMING, HARBOR DE-ICING 

SWIMMING POOLS BIODEGRADATION, FERMENTATIONS 
WARM WATER FOR YEAR AROUND MINING I N  COLD CLIMATES 
DE-I ClNG 
HATCHING OF FISH. FISH FARMING 

ELECTRIC POWER 
PRODUCTION 

1 
CONVENT1 ONAL 

POWER PRODUCTION 

BlNAfi CYCLE 
POWER PRODUCTION 

Geothermal Appl i c a t  ions as a Function o f  Temperature 
Source: B. Linda1 (Reference 20) 

b 
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Space Heat i ng and Ref r igera t ion  
One o f  the most obvious and p r inc ipa l  appl icat ions o f  geothermal f l u i d s  

i s  i n  the d i r e c t  heating o f  homes and bui ldings, where f l u i d s  a t  temperatures 
as low as 5OoC can be useful. I n  many cases, the geothermal f l u i d s  are r e l -  
a t i v e l y  noncorrosive and can be piped d i r e c t l y  through d i s t r i c t  heating systems 
and then used f o r  domestic or ag r i cu l tu ra l  purposes. 
using t h i s  method t o  heat residences f o r  about 127,000 inhabi tants i n  i t s  major 
c i  t i es 

(21,22) is now Iceland 

I n  the U.S., d i s t r i b u t i o n  systems f o r  home heating have been developed i n  
Klamath Fal ls,  Oregon and Boise, Idaho. A t  Klamath Fal ls,  over 350 we l ls  sup- 
p l y  heat f o r  numerous houses and over 20 commercial bui ld ings.  (23) The 
e n t i r e  col lege campus a t  Klamath F a l l s  i s  heated from geothermal f l u i d s .  

r e f r i g e r a t i o n  systems w i l l  be i n  the removal and dumplag o f  noncondensable 
gases, and the dumping or i n j e c t i o n  o f  the water a f t e r  i t s  work 'cycle i s  com- 
pleted. 
through a vent l i n e  extending above the bu i l d ing  heights. However, gas removal 
equipment may not be economically j u s t i f i a b l e ,  and gases may be allowed t o  
remain i n  the f l u i d s  and become a disposal problem a t  the system e x i t .  Volumes 
o f  water and gas t o  be disposed o f  are dependent upon the f l u i d  enthalpy, 
weather conditions, system character ist ics,  and the l i k e .  Estimates o f  volume 
should therefore be made on a s i te-by-si te,  app l i ca t ion-spec i f i c  basis. 

Addi t ional  I n d u s t r i a l  Processes 

From the waste disposal standpoint, the primary problems w i th  heating and 

I n  some power plants, the gases may be exhausted t o  the atmosphere 

Table 4.2 shows a few o f  the wide y a r i e t y  o f  i n d u s t r i a l  processes t h a t  
could use geothermal energy f o r  heating, drying, d i s t i l  la t ion,  re f r i ge ra t i on ,  
or  chemi ca l  process i ng . 
proposed i ndex i s  the r a t i o  o f  t 
d o l l a r  value o f  the end products oted i n  Table 4.2. 

Linda1 has t r i e d  t o  es tab l i sh  an e f f e c t i v e  
method f o r  evaluating po ten t i a l  appl icat ions o f  geothermal energy. (20) H i s  

pounds o f  steam required t o  produce a u n i t  
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TABLE 4.2. The Specific Consumption o f  Steam and the Steam Used 
per Dollar Value in Some Established Processes 
Source: B. Linda1 (Reference 20) 

Steam per  Unit 
Steam Product Product Value, 

Requirements , Value, 1 b Steam/ 
Product and Process l b  Steam/lb Q/1 b f Value 

Heavy water by hydrogen su lph ide process 10.000 
Ascorbic a c i d  250 
Viscose rayon 70(a) 
Lactose 40 
Ace t i c  a c i d  from wood v i a  Suida process 
E thy l  a l coho l  from s u l p h i t e  l i q u o r  
E t h y l  a l coho l  from wood waste 
E thy l  g l y c o l  v i a  ch lo rohyd r in  

Casein 
Ethylene ox ide  
Basic Mg carbonate 
35% hydrogen perox ide 
85% hydrogen perox ide from 35% H 0 
S o l i d  c a u s t i c  soda v i a  diaphragm c e l l s  

..2 

35 
22 
19 
13 

13 
11 

9 
9 
4 314 
8 

Ace t i c  a c i d  from wood v i a  so l ven t  e x t r a c t i o n  7 112 
Alumina v i a  Bayers process 7(b)  

E thy l  a l coho l  from molasses 7 

Beet sugar 
Sodium c h l o r a t e  
K r a f t  pu lp 
D isso lv ing  pulp 
Su lph i te  pu lp 
Aluminum sulphate 
Syn the t i c  e t h y l  a lcohol  
Cal cium hypochl or ide,  h igh  t e s t  
Ace t i c  a c i d  from wood v i a  Othmer process 
Ammonium c h l o r i d e  

B o r i c  a c i d  
Soda ash v i a  Solvay process 
Cotton seed o i l  
Natura l  sodium suophate 
Cane sugar r e f i n i n g  
Ammonium n i t r a t e  
Ammonium sulphate 
Fresh water from sea water by d i s t i l l a t i o n  

5 314 
5 112 
4 1/51 
4 1/5 
3 112 
3 112 
3 
3 113 
2 314 
2 314 
2 114 
2 

2 
1 415 
1 213 
1 112 

116 

1/12 

3,000 
250 

75 I 

14 
10 

7 
7 

13 
56 
15 
11 
18 
-- 
3 

10 
3 
7 

10 - 
9 
6 

6 
2 
7 
3 

10 
6 
5 
1 112 

1 112 

3 112 
1 112 

10 

10 

1 160 

333 
100 

93 
286 
350 
31 4 
271 
100 

23 
73 
82 
50 _ _  

266 
75 

234 
100 
58 
61 

.70 
-- 
58 

175 
43 

111 
28 

46 
45 

133 
20 

120 
17 

43 
11 

500 

(a)  Shreve (1956) quotes 150 l b  steam per pound. 
(b)  Has dec l i ned  i n  recent  years i n  most cases. 
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(20) His 
u 

method for evaluating potential applications of geothermal energy. 
proposed index is the ratio of the pounds of steam required t o  produce a u n i t  
dollar value of the end products noted i n  Table 4.2. 

Agriculture 

Agricultural use of geothermal fluids is not new, b y t  the incentive for 
greater development increases as the cost of fossil  fuel increases. 

alized countries. I t  has been estimated that 5 acres of heated soil would 
produce vegetables year-round for a population of 20,000. (24) Geothermal 
f l u i d  temperatures of 3OoC and 50 t o  6OoC are appropriate for soil heating 
and hothouses, respectively. The tremendous potential for agricultural use is 
best indicated by field experiments that were conducted t o  measure the effect 
of soil warming i n  1969 near Corvallis, Oregon. The yield of corn increased 
by 45 percent, tomatoes by 50 percent, soybeans by 66 percent, and beans by 39 
percent. (24) The improvement i n  yields will be location dependent because 
of local climatic conditions. Geothermal energy might also be used for fruits 
and vegetables a t  argricultural processing plants. 

Potential 
I applications for  agriculture are extensive, particularly i n  the less industri- 

I- 

d 

I 

~ 

. 
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5.0 WASTE DISPOSAL SYSTEMS 
/ 

It i s  d i f f i c u l t  t o  appreciate the magnitude o f  the waste disposal problem 
i n  regard t o  the range o f  contaminants wi thout considering a few t r i a l  cases. 
Assuming tha t  examples from e x i s t i n g  power p lants  w i l l  be more meaningful, we 
have compiled data i n  Table 5.1 from f i v e  o f  the larger  p lants  (covering both 
vapor- and 1 iquid-dominated systems) and calculated estimates o f  waste volumes. 

The volumes o f  waste f l u i d s  and gases from geothermal p lants  are very 
b 

large. Even i f  the plant.  i s  temporar i ly  shut down, the we l ls  normally are kept 
operat ional  and, as such, the waste production i s  continuous. 

A t  The Geysers, Ca l i f o rn ia  and Larderel lo,  I t a l y ,  the\ production o f  l i q u i d  
e f f l uen ts  from condensed steam runs an estimated-7.7 m i l l i o n  and 4.8 m i l l i o n  
met r ic  tons/yr, respect ively,  and waste gases (p r imar i l y  C02 and H2S) are 
about 0.27 m i l l i o n  and 1.6 m i l l i o n  tons(M)/yr, respect ively.  I f the dissolved 
so l ids  were removed from the condensate a t  The Geysers, 4600 tonsM/yr o f  s o l i d  
waste would be generated. A1 though abatement methods -using i r o n  compounds 
have reduced the amount o f  H2S released, the amount o f  s o l i d  wastes has 
increased by a f a c t o r  o f  4 or 5. 

A t  the flashed-steam plants  (Wairakei , Cerro P r ie to  d Hatachobaru), the 
primary volume o f  waste comes from the separators and t o t a l s  about 80 percent 
o f  the wel l  f l ow  (see Table 5.1). Thus, Wairakei must dispose o f  about 
60.5 m i l l i o n  tons(M)/yr o f  f l u i d s  from the separators p lus 1.5 m i l l i o n  
tons(M)/yr o f  condensate. 

Table 5.1 does not provide data on thermal es, but  estimates can be 
r e a d i l y  made from e f f i c i enc ies ,  
ex t rac t  15 percent o f  the energy and the flashed-steam 
dry-steam and flashed-steam 100 MWe plants  w i l l  dispose 
respect ively.  I n  dry  
towers; i n  f lashed-st  
and the cool ing tower 
producing 143 MWe, i t  

If we assume tha t  the dry-steam power p lan ts  
t s  8 percent, then 
567 MWt and 1150 MWt 

p lants  the heat i s  dissipated i n  the cool ing . 

~ t m a n n ( ~ )  notes t h a t  whi le  the Wairakei p lan t  was 
ants the heat i s  d iv ided between the waste waters 

ischarging 850 MWt i n t  he Waikato River 

ocisd 
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TABLE 5.1. Estimates of Geothermal Wastes from Existing Power 

1977 F l u i d  Production Rates(b) 
Power Piant  Output, Reserv ir Reservoir Well Flow Condensate[c) 

Locat ion MWe Type?a) Temp, OC f/MW h T / y r  x 106 m h  T/yr x 106 

The Geysers, 520 os 200 7.5 4.2 
U.S. 

Lardere l  lo ,  420 OS 220 8.9 32.7 
I t a l y  

Wairakei, 193 FS 260 44.8 75.7 
v1 New Zealand 
Iu 

Cerro Pr ie to,  75 FS 270 31.5 20.7 
Mexico 

Hatchobaru. 50 FS 290 20 
Japan 

- ~ - -  
(a)  DS = d ry  steam; FS = f lashed steam. 

8.76 

1.7 

1.3 

1.8 

1.3 

0.8 

7.74 

4.78 

1.47 

0.854 

0.350 

Tota l  
Dissolved So l i ds  
ppm T/y r x 103 

(b)  Tonne/t&h = 1000 kg/MWh. 
( c )  Condensate f l ow  var ies w i t h  weather condi t ions.  
(d )  TDS a t  The Geysers i n  condensate. 
(e )  TDS o f  wellhead f l u ids .  

Yearly ra tes  o f  8760 hr.*v- assume cont iuous we 1 flow. 

It var ies from 300 t o  1000 ppm w i t h  weather condit ions. 
A t  Cerro Pr ie to.  f l u i d s  i n  the  evaporator pond have about 75.000 TDS. 

4.65(d) 

NA 

333 

414 

41.2 

P1 ants 

Gas Wastes 

0.8 273 

l0;l W cras/steam w t  

5 1640 

2.2 333 

1.2 49.7 

0.3 5.26 

c c 



and 725 MWt i n t o  the atmosphere. He notes t h a t  t h i s  waste heat i s  roughly 
equivalent t o  the waste heat from a 1000 MWe foss i l - f ue led  p lan t  operating a t  
about 38 percent e f f i c iency ,  and t h a t  water vapor added t o  the atmosphere i s  
comparable t o  t h a t  from a 300 MWe, f o s s i l  fueled plant. I n  any case; it i s  

i n  the f i n a l  analysis, could impede s i t e  development. 

or  in ject ion. .  The technical design c r i t e r i a  are discussed i n  t h i s  chapter, bu t  
it must be recognized t h a t  the legal  constraints (see Chapter 7) may exert a 
greater inf luence on the nature o disposal system than do the technical  
aspects . 

/ 

dent t ha t  waste disposal a t  geothermal plants i s  a major consideration and 

Only two basic methods o f  l i q u i d  waste disposal ex is t :  surface disposal - - 

Surface disposal i s  the most economical disposal method i f the spent geo- 
thermal f l u i d s  can simply be dumped i n t o  the  loca l  surface drainage system. 
Condensate was discharged i n t o  the Big Sulphur Creek a t  The Geysers f o r  many 
years, u n t i l  the l eve l s  o f  boron and other contaminants i n  the f l u i d s  caused 
regulators t o  require in ject ion.  Surface disposal continues i n t o  the Waikato 
River a t  Wairakei even though high arsenic concentrations have been a problem 
t o  f i s h  and plants. I n j e c t i o n  and ocean discharge were selected a t  Ahauchapan 
a f t e r  several a l te rna t ives  were studied. However, a t  Cerro Prieto, Mexico, 
wastes are ponded and the overflow i s  drained i n t o  the ocean. For some qpera- 
t ions,  ponding and disposal by evaporation may be p r a c t i c a l  i f  the deposits o f  
s a l t s  and ' s i l i c a  can be removed pe r iod i ca l l y .  O f  course, possible recovery o f  
useful  minerals from ponding operations should be considered i n  the design o f  
a disposal sys 

The technical  design o f  a disposal ystem w i l l  depend upon economics, 
safety, technical  e a s i b i l i t y  and env i r  mental acceptabi l i ty .  Some of t he  
primary engineering cons i derat i ons re:  flow r a t e  of the f lu ids,  temperatures, 
scale and deposition, corrosion, and the presence o f  t o x i c  contaminants. 

5.3 
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5.1 SURFACE WASTE DISPOSAL Iv 
Surface disposal has been pract iced a t  one time or another a t  a l l  major 

power plants. The primary advantages o f  surface disposal are the s i m p l i c i t y  
o f  the operation and the favorable economics. For flashed-steam plants, such 
as Wairakei and Cerro Prieto, discharge l i n e s  f low d i r e c t l y  i n t o  holding ponds 
f o r  cooling, and canals car ry  the overflow i n t o  the loca l  drainage system. 
Dry-steam p lan t  condensates can be disposed o f  i n  the same manner, but the 
volume o f  discharge i s  less per kWh. Maintenance i s  r e l a t i v e l y  simple and 
consists p r i m a r i l y  o f  removal o f  scale and prec ip i ta tes  t h a t  c log the canals. 

Surface disposal i s  not without some adverse environmental impacts. 
F i r s t ,  t o x i c  chemicals, such as arsenic, mercury, and boron are o f t e n  present 
i n  s u f f i c i e n t  quant i t ies  to  be hazardous t o  w i l d l i f e ,  f i sh ,  and p lan t  l i f e .  
The l i q u i d  e f f l u e n t s  may be hot and acidic, w i l l  probably contain sal ts,  and 
w i l l  almost c e r t a i n l y  contain s i l i c a ,  which can cause scal ing and may p rec ip i -  
t a t e  out. Secondly, a l l  of the noncondensable gases w i l l  u l t i m a t e l y  escape 
i n t o  the atmosphere and could pose problems. A t h i r d  disadvantage o f  surface 
disposal i s  t h a t  the water withdrawn from the reservo i r  i s  not used f o r  
recharge. Consequently, the reservo i r  w i l l  be depleted i f  the discharge r a t e  
exceeds the natural  recharge rate.  Simultaneously, the thermal energy i n  the 
hot discharge water i s  l o s t  and cannot be re tu rned, to  the reservoir .  Fourth, 
the withdrawal o f  f l u i d s  can cause land subsidence i n  some geological 
structures. 

0 

\ 

For a l l  these reasons, new environmental laws have been adopted t h a t  
a f f e c t  many disposal s i tes.  A t  Otake, Japan, f o r  example, i n j e c t i o n  i s  
required by law. A t  The Geysers, C a l i f o r n i a  surface disposal i s  forbidden when 
the concentrations o f  boron and ammonia i n  the condensate exceed s ta te  stan- 
dards f o r  surface disposal . Within the context o f  disposal regulat ions and 
despite i t s  disadvantages, surface disposal probably w i l l  continue t o  be a 
v iab le  option a t  many si tes,  espec ia l l y  a t  p lants involved w i th  non-electr ic 
geothermal-energy applications. 
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\ 5.2 INJECTION OF GEOTHERMAL FLUIDS 

For several decades, the o i l  industry has in jected saltwater i n t o  o i l  
reservoirs t o  enhance o i l  production and t o  contro l  lan 
t e r  6). 
motivated by a desire t o  enhance production i n  addi t ion t o  disposing o f  geo- 
thermal l iqu ids.  I n  recent years, the pub l i c ' s  awareness o f  environmental 
issues and ' l eg i s la t i on  spawned by these concerns have led  the geothermal 
indus t ry  t o  consider i n j e c t i o n  as a primary method o f  waste disposal. 
Fortunately, w i th  proper engineering and design, i n j e c t i o n  i s  a feas ib le  
disposal method. 

the i n j e c t i o n  o f  geothermal f l u i d  
reservo i r  i s  conserved d, consequently, can ad t i o n a l  l i f e  t o  asreser-- 
v o i r  whose natural  recharge i s  l imi ted.  I n  addition, the in jected water from 
f l  ashed-steam plants may contain considerable thermal energy, which i s  con- 
served by pu t t i ng  it back i n t o  the reservoir .  Land subsidence.occurs a t  
Wairakei as a r e s u l t  o f  the ex t rac t ion  o f  the geothermal f l u i d s ,  ' bu t  ' i n jec t ion  
o f  the waste f l u i d s  should a i d  i n  c o n t r o l l i n g  the subsidence. For these rea- 
sons, i n j e c t i o n  may be the most environmentally acceptable method o f  handling, 
geothermal f l u i d s ,  but the problem i s  t o  do it economically. The po ten t i a l  
disadvantage o f  i n j e c t i o n  as a disposal method i s  t h a t  one cannot t e l l ,  f o r  
sure, where the f l u i d  w i l l  go. A p o s s i b i l i t y  ex i s t s  t h a t  unknown fau l t s ,  
fractures, h i g h l y  permeable regions, or unlogged wells may permit channeling 
o f  the f l u i d s  i n t o  potable acquifers o r  surface waters. 

I n j e c t i o n  i n t o  geothermal reservoirs i s  r e l a t i v e l y  new and i s  also 

Aside from waste disposal, ber o f  other advantages can accrue from 
Water returned t o  the 

t i o n  region t o  prevent the downflow o f  water from causing sloughing and f i l l i n g  
of the hole. I n  production wel ls t h i s  zone i s  o f ten l e f t  open and uncased. 

I 
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I n  some instances it i s  desirable t o  use an i n j e c t i o n  w e l l  t ha t  has been 
d r i l l e d  deeper than the producing wells. Deeper i n j e c t i o n  we l ls  al low the 
cooler water t o  become heated before it reaches the producing w e l l ,  which 
extends the l i f e  o f  the producing well .  
same formation from which the f l u i d s  were taken; f l u i d s  can be in jected i n t o  a 
nonproducing zone i f  the permeabi l i ty  o f  t h a t  zone ' i s  high enough. 

I n j e c t i o n  need not take place i n  the 

I n j e c t i o n  f l u i d s  may f low i n t o  the reservo i r  under the weight o f  g r a v i t y  
o f  the column o f  water i n  the well .  High i n j e c t i o n  rates can be obtained by 
t h i s  method f o r  geothermal reservoirs t h a t  are h igh l y  permeable. When the 
hydrostat ic pressure of the reservoirs exceeds the hydrostat ic head, however, 
artesian f low from the wel ls w i l l  occur, and i n j e c t i o n  can be accomplished on ly  
by overcoming t h i s  pressure,. I n  the Niland f i e l d  i n  the Imperial Valley, Union 
O i l  encountered a wellhead hydrostat ic pressure o f  200 psi, and i n j e c t i o n  had 
t o  be accomplished by pumping a t  pressures i n  excess o f  t h i s  hydros ta t i c  head. 

The wellhead valves and equipment are essen t ia l l y  the same f o r  i n j e c t i o n  
we l ls  as f o r  production wells. R e l i e f  valves f o r  sa fe ty  and blowout p ro tec t ion  
are required. 

Such c r i t i c a l  factors  as the l oca t i on  o f  i n j e c t i o n  wel ls and t h e i r  depths 
are dependent upon loca l  geology, geophysics, and geochemistry. I n j e c t i o n  
wel ls m u s t  be located f a r  enough away from the production wel ls to  prevent 
undesirable cool ing o f  the production f l u i d s  but close enough t o  maintain res- 
e r v o i r  pressure. Both condit ions can be met by i n j e c t i n g  the cooler water a t  
the periphery o f  the producing geothermal-energy f i e l d s ,  o r  a t  s i g n i f i c a n t l y  
d i f f e r e n t  depths. However, p ipe l ine and p ipe l ine maintenance costs provide 
incent ive  t o  minimize the l i n e a l  distances between the power p lan t  and the  
i n j e c t i o n  wells. I n i t i a l l y , i n j e c t i o n  wel ls should be located 600 t o  900 meters 
outside o f  the production zone, according t o  a study by Bodvarsson. (25 1 
A f t e r  more knowledge o f  the reservo i r  i s  gained, the spacing f o r  i n j e c t  
wel ls may be changed. 

on 
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Costs can be lowered by converting i n e f f i c i e n t  production wel ls i n t o  
i n j e c t i o n  wells, i n  which case the l oca t i on  i s  predetermined. Unfortunately, 
d i r e c t  water f low between i n j e c t i o n  wel ls and production wells along reservo i r  
f rac tu res  may occur and quench the production wel l .  Undesirable ducting has 
occurred a t  Larderel lo over a distance o f  several hundred meters. 

, 

I n  general, the f l u i d  i n  the reservo i r  i s  i n  motion p r i o r  t o  the i n j e c t i o n  
o f  the f l u i d s  and i s  cont ro l led  by three types o f  gradients: the hydraul ic 
pressure gradient, the thermal gradient, and the s a l t  concentration gradient. . 
I n  t h i c k  aquifers general ly encountered i n  geothermal reservoirs, these gra- 
dients induce convection currents t h a t  general ly are not present i n  shallow, 
constant-density f l u i d  systems. The f low and movement o f  f l u i d s  in jected i n t o  
such a system depend, among o t  
p r i o r  t o  i n j e c t i o n  and the modif icat ion o f  the gradients caused by the i n jec -  
t i  on process . 

and information on the reservo i r  i s  available. (26,27) However, because the 
f lows tend t o  depend rather  heav i l y  upon bulk pe 
terns a t  the actual po int  o f  in ject ion,  the mode 
general guidance. I n  most cases, i n j e c t i o n  wel l  

things, on the s tate o f  motion i n  the aqui fer  

Mathematical models can be he lp fu l  if considerable d r i l l i n g  has been done 

1 i t y  and f rac tu re  pat-  

located by a combination 
provide l i t t l e  more than 

geothermal f l u i d s  more than o f f s e t  t 

J 
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and physical state t h a t  they were a t  the we1 head, or they may have undergone 
various physical and chemical modif icat ions. The changes may have taken place 
i n  the power p lan t  o r  i n  an e f f l u e n t  treatment system designed f o r  by-product 
recovery or contaminant removal. Futhermore, w i th  the possible exception o f  
the turbine, disposal systems can involve v i r t u a l l y  alr l  o f  the power p lan t ’ s  
equipment and instrumentation/control f a c i l i t i e s .  
may be worse i n  the disposal system than they are i n  the’power plant, because 
the f l u i d s  may pickup oxygen from exposure t o  the a i r .  

I n  fact ,  corrosion problems 

A t  Wairakei, New Zealand, and Ahuachapan, E l  Salvador, where the  geother- 
mal waters are allowed t o  f low through open weirs and ditches, p rec ip i t a t i on  
and scale b u i l d  up on the concrete wa l ls  and requ i re  per iod ic  removal. Exper- 
iments have been undertaken a t  Ahuachapan t o  establ ish cont ro l led  scal ing and 
p r e c i p i t a t i o n  i n  s e t t l i n g  ponds, where the wastes can be more e a s i l y  removed. 
O f  course, a s o l i d  waste disposal problem i s  then created, as the sa l t s  and 
prec ip i ta tes  must be removed from the f l occu la t i on  basins. A t  Wairakei, the  
recovered mater ia ls  are used f o r  road repai rs  and land f i l l  . I n  some cases, 
the recovery o f  minerals from the prec ip i ta tes  may be f i n a n c i a l l y  rewarding. 

Another l i q u i d  disposal approach i s  t o  i n j e c t  the geothermal-energy 
e f f l u e n t  a t  as high a temperature as possible and w i t h  a minimum t ranspor tat ion 
distance f o r  the ef f luents .  This technique i s  proving qu i te  successful a t  
Ahauchapan. 

The e f fec ts  o f  plugging and scal ing on subsurface equipment are consider- 
ably more d i f f i c u l t  t o  analyze and correct  than the e f f e c t  on surface equip- 
ment. We know t h a t  scale and prec ip i ta tes  tend t o  c o l l e c t  i n  the wellbore, 
s lo t ted  l i ne r ,  and i n j e c t i o n  zone immediately around the s lo t ted  l i ne r ,  a l l  
helping t o  decrease the i n j e c t a b i l i t y  and usefulness o f  the wel l .  
wel lbore i t s e l f ,  these impediments sometimes can be removed w i t h  reaming t o o l s  
comhonly used i n  the o i l  industry. Ac id i f i ca t i on  and chemical treatments can 
al’so be employed both i n  the wellbore and i n  the formation, but these remedial 
measures add t o  the maintenance cost o f  the disposal system. 

I n  the 
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Normally there is a trade-of f  between the cost o f  i n s t a l l i n g  new wel ls and the 
cost o f  paying f o r  ma 

General Corrosion 

W 

on o l d  wells. 

Geothermal primary f l u i d s  vary subs tan t ia l l y  i n  chemical composition on a 
worldwide basis, between d i f fe ren t  wel ls  w i t h i n  a given f i e l d ,  and f o r  a given 

g i t s  operating h is tory .  The ch lor ide ion (Cl’) 
ids  i s  general ly reg ed as the p r inc ipa l  corro- 

sion-aggressive speci geothermal f lu ids>. rogen su l f i de  (H2S) i s  
second i n  prominence as a co t imulant. Many other 
pounds contr ibute t o  corrosion e i the r  i nd i v idua l l y  or i n  synergism wi th  other 
components. 
have been aerated over deaerated f l u ids .  

Data general ly ind icate higher corrosion rates f o r  f l u i d s  t h a t  
1 

Stress-Corrosion Cracking 

~ Select ing mater ia ls f o r  use i n  disposal systems should include considera- 
t i o n  o f  the  p o s s i b i l i t y  of stress-corrosion cracking; which i s  the f a i l u r e  by 

1 i s  i n  an e lec t ro ly te ,  i.e.: 
a r i t e r  (eig., oxygen) i s  i n  the 
) there i s  s u f f i c i e n t  contact 

ion’ t o  occur. (133) Crack 

s i l e  stress. (28) Streks- 

i f  it conducts 
e lec t ro ly te ;  3) the p a r t  i s  under stress, 

propagation proceeds in te rgranu lar ly  o r  t ransgranular ly through the metal 
cross-section, and f a i l u r e  may occur a f t e r  on ly  a few minutes, o r  a f t e r  months, 
o r  years . 

\ 

Hydrogen su l f ide i s  present t xtent  i n  many geothermal primary 
f l u i d s .  Below 2 t o  5 ppm, H2S i s  not general ly regarded as a serious th rea t  
t o  s t ruc tu ra l  Stab1 1 i t  
than these levels, and 
problem i n  the design he waste disposa m. Sulf ide cracking i s  more 
l i k e l y  t o  occur 

Many geothermal f l u ids  have higher concentrat ions 
hydrogen su l f i de  has t o  be considered a po ten t ia l  

gh-strength mater i a1 s 

U 
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The complexity of a geothermal fluid's interaction with a structural 
material, under a given service situation, forces us to use in-service testing 
for material qualification . The chloride/sulf ide stress-corrosion cracking of 
geothermal materials is a prime example of a corrosion problem whose severity 
is site-specific, 

Tables 5.2 and 5.3 present stress-corrosion cracking data for various 
materials under environments presented by the Wairakei and Cerro Prieto sites, 
respectively. The data are encouraging, because for the most part, these 
materials are not specifically designed to resist chloride/sulfide cracking 
under severe service situations. 

Scaling and Plugging 

problem. (32s33) According to Shannon et al., (34) the major sources of 
scaling and plugging are: 

Several comprehensive reviews have been made of the geothermal scaling 

0 Silica'and silicates. Silica appears in three forms (amorphous, 
cristobalite, and quartz), each with different solubility character- 

salinity, and other factors can cause deposition in one or more 
forms. Silicates of iron, aluminum, magnesium, calcium and phospho- 
rus are also thought to contribute to scaling. 

'istics as a function of temperature. Changes in temperature, pH, 

Calcium carbonate. Calcite is deposited as the result of flash 
boiling and the release of carbon dioxide. Deposits occur immedi- 
ately downstream from points of flashing. 

o Metal sulfides, sulfates, oxides and carbonates. As pH and tempera- 
ture change, sulfides of iron, antimony, lead, copper, silver, and 
zinc may be deposited, as well as barium and calcium sulfates, Metal 
oxides and carbonates may also form. 

Geothermal scaling action at a Cerro Prieto well is indicated in Fig- 
ure 5.1. Percentages of scale deposition are expressed as a function of depth 
for those compounds most often found in geothermal systems - NaC1, FeS, CaC03, 
and Si02. b 
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TABLE 5.2. Stress Corrosion Behavior in Waikarei Geothermal Media(a) 
Source: T. Marshall and W. R. Braithwaite (Reference 30) 

Alloy 

Titanium 
A1 umi num 

Austenitic stainless steels 

Ferritic(e) stainless steels 

Carbon and low alloy steels 

Brass, 60/40 
Brass, arsenical 70/30 
Bronze 
A1 umi num bronzes 
Silicon bronze 
Cupronickel 
Copper 

Beryl 1 ium copper 

Inconel 
Nimonic 75 

Stress Corrosion Behayiw 
Tensi 1 e in Geothermal Mediab) 

Strength, psi Cracking(c1 Microf i ssuri ng ( d )  

~93,000 No 
16,000 No 
I 

84,000 - 100,000 . No 

> 100,000 Yes 
< 100.000 No 

~88,000 Yes 
~88,000 No ' 

51,000 - 58,000 No 
54,000 Bore water only 
22,000 No 

Yes 
-- Yes 

90,000 No 
36,000 No 

Rockwell C38(f) Yes 
Rockwell 847 No 

Si02 
Li 
Ha 
K 

690 

1320 
225 

Mg 0.03 
Ca 17 
F 8.3 

14.2 

90,000 No 
120,000 No 

Monel 71,000 - 80,000 No 
K Monel NO 

(a) Typical Wa i ra kei bore f 1 uid properties : 
Temperature: 255°C 
pH: 8.4 
Chemical Chemical ppm 

2260 
36 
19 

19 
0.15 

1 .o 

No 
No 

Aerated steam only 

Yes 
No 

Yes 
Yes 

No 
No 
No 
No 
No 
No 
Yes 

No 
Yes 

No 
No 

No 

(b) Constant deformation test in media listed in Table A.4 (Appendix A). 
(c) Stress corrosion cracking in one or more of the above media. 
(d) Microscopic surface fissuring believed to be a borderline form of stress corrosion. 
(e) Martensitic in the hardened condition. 
(f) Hardened to spring temper. Ir' 

4 
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TABLE 5.3. Stress Corrosion Behavior i n  Cerro Pr ie to  Steam 
Source : A. Manon (Reference 5.11 ) 

No. o f  Fai1,ed 
Type o f  Steam Material Specimens Observations 

Nonaerated(a) 12Cr 
l2Cr-Mo-W 
1 Cr-Mo-O.25V 
3.5Ni -Cr-Mo-V 
12Cr-0.2A1 
15Cr-1.7Mo 
A1 umi num 
Deoxidized copper 

0 o f  3 
0 o f  3 
2 o f  2 

0 o f  3 
0 o f  3 
0 o f  3 
0 o f  3 

Microscopic cracks were observed 

12Cr 0 o f  3 M i  croscopi c crack 
12Cr-Mo-W 2 o f  2 100% f a i l u r e  
1 Cr-Mo-O.25V 1 o f  2 50% f a i l u r e  

? 3.5Ni -Cr-Mo-V 0 o f  3 Intergranular corrosion 
12Cr-0.2A1 0 o f  3 Intergranular corrosion 
15Cr-1.7Mo 0 o f  3 
Deoxidized copper 2 o f  2 Fa i lu re  do t o  general corrosion 

(b )  Aerated 

c.r 
I\' 

2 (a) Nonaerated steam: 
Pressure = 4.3 kg/cm (61 psig) 
Temperature = 147OC (296OF) 

= 1.95wt% 
= 0.20wt% !?s = 13.3 ppm 

Moisture = 0.7wt% 

Pressure = 1 atmosphere (14.7 lb/ in.*  abs) 
Temperature = 7OoC 

= 1.6wt% 
= 0.16wt% !TS = 7 ppm 

Moisture = 0.7wt% 

co2 

(b) Aerated steam: 

co2 
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FIGURE 5.1. Various Scale Deposits i n  Cerro Prieto 
Casing as a Function of Depth 
Source: 
(Reference 35) 

S. Mercado and J. Guiza 

If the geothermal f l u i d  i s  i n  chemical and thermal equilibrium w i t h  the 
rock formations, then scaling and deposition can.occur w i t h  any change (physi- 
cal or chemical) t ha t  upsets the equilibrium. In other words, a t  every stage 
of power production or waste disposal dur ing  which f l u i d  changes occur, scaling 
can be a problem. Changes i n  pH and decreases i n  temperature appear to be the 
primary factors. O f  course, temperature decreases are unavoidable when energy 
is extracted from the hot fluids. 
sulfide and carbon dioxide are released (as i n  the flash separa 
metric condenser 1, but  changes can occur a t  any stage i n  the system. 

water droplets that contain sal ts  and scale-prdducing contaminants . Other 
contaminants such as borate compounds are carried directly by the steam. 

Increases i n  pH occur whenever hydrogen 

These problems apply t o  both steam and l iqu ids .  Steam inherently carries 
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These contaminants are fu r ther  concentrated i n  the steam condensate, which i s  
pumped through the cool ing towers and condensers. Disposal o f  the excess con- 
densate by i n jec t i on  can cause plugging o f  the wells, which has occurred a t  The 
Geysers, U S . ,  and Larderel lo ,  I t a l y .  

. A computer model has been developed t o  p red ic t  p rec ip i t a t i on  and scal ing 
i n  a dynamic system. (125) Predic t ing these phenomena i s  a very d i f f i c u l t  
problem and probably w i l l  requi re  ons i te  experimental f a c i l i t i e s  t o  v e r i f y  the  
mode. The s o l u b i l i t y  o f  a given species i s  af fected by the a c t i v i t y  o f  the 
basic solvent (H20) and the concentration o f  various dissolved species 
( inc lud ing hydrogen ions) i n  the solut ion.  The strong e f f e c t  o f  temperature 
on the r a t e  a t  which a species may equ i l ib ra te  w i th  a so lu t ion  (p rec ip i ta te  or 
dissolve) i s  indicated i n  Figure 5.2, where an estimate o f  the equ i l i b ra t i ng  
t ime i s  given as a function of temperature for quartz. 
region appl icable t o  some phases o f  l i q u i d  waste disposal, very long e q u i l i -  
b ra t ing  times may be involved. Equ i l i b ra t i ng  times are re f l ec ted  i n  the k in -  
e t i c s  data f o r  quartz deposit ion given i n  Figure 5.3, where scal ing r a t e  versus 
temperature i s  given f o r  various concentrations o f  Si02 i n  the solut ion.  
Hold-up times i n  the disposal system should be kept t o  a minimum t o  reduce the 
s i l i c a  p rec ip i t a t i on  i n  the system, t rans fer ing  the problem t o  the wel l  o r  the 
rece i v i  ng format i on. 

I n  the temperature 

S i l i con  dioxide deposit ion (i.e., nucleation and growth) i s  apparently 
increased by the presence o f  ch lor ide ions and C02. Other fac to rs  encourag- 
i n g  Si02 deposit ion are surface roughness (from p r i o r  deposits or  corrosion) 
and high pH. Among the expedients suggested f o r  cont ro l  o f  Si02 scal ing are 
a c i d i f i c a t i o n  (by HC1) and ant i -cata lysts  t o  discourage nucleat ion and growth 
o f  deposits . 

Sul f ide deposit ion i s  a frequent problem i n  geothermal plants. Oxidation 
of s u l f u r  species t o  su l fu r  has been suggested as one technique t o  reduce su l -  
f i d e  scaling. 

t 

t 
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As noted by Vetter i n  a comprehensive, qua l i t a t i ve  review o f  sca l ing pro- 
blems i n  the petroleum industry, (38) thermodynamic analysis has a l im i ted  
capacity t o  p red ic t  sca l ing phenomenon under actual working conditions. This 
l i m i t a t i o n  af fects  our a b i l i t y  t o  deal w i th  a k i n e t i c  phenomenon, such as 
scaling. 

Scal ing i s  not expected t o  have serious operational consequences f o r  those 
disposal techniques invo lv ing  surface dispersal o f  waste 
removal and disposal o f  the scale may be required. Scale can o f f e r  protect ion 
against corrosion, or i t  can aggravate corrosion processes by act ing as crev- 
ices through which electrochemical act ion i s  concentrated on a small po r t i on  
o f  the underlying metal, leading t o  p i t t i n g  o r  cracking. 

5.4 GEOLOGY AND SUBSURFACE 

l though per iod ic  

, 

A va r ie t y  o f  disposal techniques are being reviewed i n  t h i s  report .  How- 
ever, w i th  respect t o  geology and subsurface hydrology, on ly  i n j e c t i o n  o f  spent 
geothermal f l u i d s  w i l l  be discussed. I n j e c t i o n  may take place i n  producing 
zones or  i n  areas t h a t  are buffered from the producing zone. 
surface disposal schemes, especia l ly  those invo lv ing  ponding, may r e s u l t  i n  
i n f i l t r a t i o n  and recharge, and therefore p o t e n t i a l l y  adverse environmental 

It i s  t r u e  t h a t  

impacts. However, i n  t h i s  section, a t ten t ion  w i l l  focus on the deeper reser- 
v o i r  environment. 

Successful i n jec t i on  o f  l i q u i d  i n t o  or near a geothermal reservo i r  w i l l  
depend on a reasonable understanding o f  the physical and chemical character is-  
t i c s  o f  the ind iv idua l  reservoir ,  e.g., reservo i r  boundaries, temperatures, 
pressures recharge potent ia l ,  and rock and f l u i d  const i tuents and concentra- 
ti ons . (39) Permeabil ity, which i s  one o f  the most important reservo i r  
character ist ics,  i s  the  measure o f  the  ease with which f l u i d s  can f l ow  through 
the underground system. For geothermal reservoirs, both f rac tu re  permeabi l i ty  
and in tergranular  o r  i n t e r s t i t i a l  permeabi l i ty  must be considered. 

b 
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The primary ob ject ive o f  t h i s  sect ion i s  t o  discuss how subsurface in jec-  

t i o n  might per turb the  reservo i r  temperatures, pressures, and/or premeabil i- 
t ies .  Many o f  the fac to rs  are i n te rac t i ve  and have synerg is t ic  e f fec ts  upon 
each other. Most of these factors and t h e i r  in te rac t ions  can be i d e n t i f i e d  by 
s i t e -spec i f i c  t e s t i n g  o f  the receiv ing formation and the waste f l u ids .  This 
sect ion i s  presented i n  the fo l low ing  categories: 
1. Potent ia l  permeabi l i ty  changes 
2. Potent ia l  reservo i r  pressure changes 
3. Potent ia l  reservo i r  temperature changes 

5. Explorat ion techniques. 

I 4. Potent ia l  environmental impacts 
I 

I 

I 
j l i s t s  t h a t  fo l low: 

Examp 1 e Re servo i r Rock Propert i es 

extent and s t r a  
B. 
C. Continuity, homogeneity 
0. Mineralogy and ch 

’ E. St ress-st ra in  beh 
F. Thermal prop 

Poros i ty  and permeabi 1 i t  

i 

Example Rese 

A. Temperature 
6,. Volumetrlc f low 
C. Viscos i ty  an 
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L V  
D. Dissolved and suspended const i tu tents(a)  

E. Ac id i t y  (pH) and ox idat ion po ten t i a l  (Eh) 
F. Dissolved gases 

Once the rock and f l u i d  propert ies are i d e n t i f i e d  f o r  the host formation 
and for  the waste f l u i d ,  one can address the p o s s i b i l i t y  o f  adverse perme- 
a b i l i t y  change. Decreases i n  permeabi l i ty  can r e s u l t  from plugging due t o  
f i l t e r i n g  o f  suspended so l ids  from the waste f l u i d  stream, scale formation o r  
changes i n  the rece iv ing  reservoir .  The suspended so l i ds  can be caused by 
several factors:  
solved gases; react ions from mixing noncompatible f l u i d  streams; react ions 
between the waste f l u i d  and the host f l u i d ;  o r  corrosion products from the 
p ip ing  or  power system. Scale formation can occur a t  any place where physical 
o r  chemical f l u i d  changes take place, i.e., i n  the system p ip ing  o r  the  
rece iv ing  formation. The scale general ly contains s i l i c a ,  calcium carbonate, 
metal su l f ides,  metal su l fa tes  o r  metal oxides. Detrimental reservo i r  changes 
can be caused by c lays tha t  are hydrothermally formed, compaction o f  the rock 
matrix, o r  swel l ing o f  n a t u r a l l y  occurr ing clays. 

Potent ia l  Reservoir Pressure Changes 

p r e c i p i t a t i o n  due t o  temperature decreases o r  loss o f  d is -  

Geothermal deposits can vary i n  pressure from a less-than-hydrostatic 
leve l  (0.43 t o  0.52 p s i / f t  o f  depth) t o  a pressure approaching l i t h o s t a t i c  
leve ls  (1.0 p s i / f t ) .  Any va r ia t i on  i n  t h i s  ambient pressure subsequent t o  
energy exp lo i t a t i on  w i l l  depend on the amount and t ime h i s t o r y  o f  mass wi th-  
drawals, the enthalpy o f  the f l u i d ,  the amount and time h i s t o r y  o f  natura l  
reservo i r  recharge, and any mat r ix  consolidation. 

As stated by Whiting, (40) geothermal reservo i rs  possess r e l a t i v e l y  
i nac t i ve  water i n f l ux  character is t ics .  F i e l d  experience t o  date genera l ly  
tends t o  support t h i s  assert ion For example, many geothermal f i e l d s  support 
subnormal pressures, and i n  some cases, the ex t rac t ion  o f  f l u i d s  has resu l ted  

(a) Permeabi l i ty  fac to rs  - major cat ions (Na', K+, Ca+, Mg+), major 
anions (HCO3, SO4, C l - ) ,  and s i l i c a .  Environmental factors - t race  
const i tuents  (boron, arsenic, hydrogen su l f ide) .  
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in a reduction in delivery pressure. This suggests that geothermal reservoirs 
are generally of the depletion type with negligible water recharge over the 
short term. As increasing quantities of fluid are re ,’ the del ivery pres- 
sure can be expected 

Naturally, this observation may not hold true for every “reservoir con- 
An extensively f ctured zone may provide adequate permeabi 1 i ty 

to permit significant’ recharg to the producing zone. Also, vapor-dominated 
reservoirs may not exhibit ~ short-term depletion because of the relatively small 
amount o f  mass that is extracted at on 

In the. absence of adequate natural recharge, artificial recharge via 
injection of waste fluids into the producing zone may be necessary to maintain 
the reservoir pressures. Optimum injection well location and spacing will 

detailed knowledge of the receiving formation. 

ion of any geothermal resource depends 
Any waste disposal activities that primarily on the fl-uid temperature. 

might result in-a reduction of the production fluid enthalpy should be avoided. 
One area of concern is the potential channeling of cooler water from the 
injection wells to the warm producing wells through fracture zones. This. 
quenching phenomena could result i n  a reduction in the available thermal energy 
or completely destroy the usefulness o f  the well. Field testing, we1 1 effluent 

the probability that this problem will arise. 
’ monitoring,(a) and careful spatial siting o f  the disposal wells should reduce 

The reservoir rock 1 equilibrium with the formation waters, 
face volume is occupied by the solid 
k serves as a storage zone for sizeable 

othermal fluids may be a’vehicle 
hermal energy, thereby extending the use- 

and since the majority 
(e.g., 20% voids-80 

(a) A’chemical front may proceed the thermal front.and tracers can be employed 
L J  to. monitor channeling. 
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Potenti a1 Environmental Impacts 

tial environmental impacts associated with subsurface disposal of 
hermal fluids include: 1) thermal, chemical, and/or biological con- 

tamination of aquifer systems bounding the production zone; and 2) perturbation 
to the normal seismicity in the area. 

The unchecked intrusion of waste fluids into potable aquifers bounding a 
geothermal reservoir wit 1 have adverse environmental impacts. For most power 
producing sites, the planned well release of waste fluids to a potable aquifer 
is not permissable. 
fracturing of low permeability zones during fluid injection can be responsible 
for the intrusion of waste waters into these aquifer systems. 

consider and allow for damage due to acid etching and hydrofracturing of the 
wells (which are means of stimulating injection). That is to say, the casing 
size, material, and the cementing program must be able to withstand maximum 
hydrofracturing pressures for that system. With adequate design and planning 
for the entire system, along with prudent well completion practices, the 
probability of environmental damage should be greatly reduced. 

Poor completion practices, open abandoned wells, and 

Any injection system must be thoroughly planned and designed, and must 

Many individuals are speculating about the possibility of altering the 
normal seismicity of the area as a result of fluid production (and subsequent 
pressure decrease) or fluid injection (and subsequent pressure increase) . The 
issue boils down t:, the creation of a stress whose normal compressive pressure 
and interstitial pore pressure are different. Increasing the pore pressure in 
some materials enables stress relaxation by strain response at lower effective 
stress levels, thus, potentially increasing seismic frequency at the expense 
of magnitude or creating a seismic strain response. Conversely, decreasing 
pore pressure can in effect lock a fault plane and can thus demand a higher 
effective stress prior to any strain response. This could potentially lead to 
fewer but larger seismic events. Additional pore pressure due to injection 
would not be of a magnitude sufficient to generate fault slip unless exces- 
sively high pressures and/or volumes are involved. 

LJ 
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The pros and cons o f  inducing seismic events and earthquakes as a r e s u l t  
o f  i n j e c t i o n  have been widely discussed by the geothermal s c i e n t i f i c  community. 
Two w11-documented cases, i n  which i n jec t i on  i n  non 
cause seismic events, are o f ten  c i ted.  A t  the Rocky Mount 
Denver, Colorado, disposal o f  chemical wastes i n  a deep wel l  a t  very high 
pressures i n t o  r e l a t i v e l y  d ry  formations caused seismic events up t o  magnitude 

Colorado, water f looding i n  excess o f  normal hydrostat ic pressure has induced 
seismic events. (45) While i t  w i l l  be necessary t o  continue t o  monitor 
i n j e c t i o n  a c t i v i t i e s  a t  geothermal-energy f i e lds  i n  order t o  i d e n t i f y  induced 
seismic events, experience t o  date would ind icate t h a t  the problem i s  over- 
exaggerated. I n j e c t i o  
been undertaken a t  various times a t  most major power-producing geothermal 
f i e l d s  throughout the world. Seismic monitoring occurs rou t i ne l y  a t  a l l  o f  t he  

5 on the Richter scale. (42 , 43 , 44 ,45) Also, a t  the Rangely O i l  F i e l d  i n  

i t h e r  on a regular basis o r  an experimental basis has 

sites, and an accumulation o f  experience equivalent t o  many decades o f  opera- 
t i o n  shows t h a t  macro-seismic events are not induced i n  geothermal f i e l d s  as a 
r e s u l t  o f  in jec t ion .  

No ear th  tremer o f  s ign i f i can t  magnitude has ye t  been a t t r i bu ted  t o  steam 
production. Within the l a s t  year, 
Geysers i n  Ca l i f o rn ia  has shown i n  

wever, analysis of m ic roac t i v i t y  a t  The 
ased a c t i v i t y  (1 on the Richter scale) i n  

the loca t ion  where steam i s  extrac for  power production. 

Explorat ion Technique 

Determi nat ion o f  subsurf ace hydro e r i s t i c s  has been an 
extremely d i f f i c u l t  problem. Predic t ing the technical  success, and hence 
des i rab i l i t y ,  
pretable surf ace 

resource areas has been d i r e c t  
wel ls  ra ther  than good subsurface data. D r i l l i n g  i s  extremely cost ly,  and 
extrapolat ion from a s t a t i s t i c a l l y  l im i ted  set o f  subsurface data can produce 
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erroneous conclusions. Therefore, as new geothermal-energy reservoirs are 
studied, an increased emphasis will need to be placed on obtaining more com- 
plete and usefu1,surface and subsurface information. 

Surf ace measurements and- near-surf ace measurements incorporate heat-f low 
measurements; electrical, magnetic, gravimetric and seismic geophysical tech- 
niques; geochemical analysis of surface fluids and gaseous emissions; inter- 
pretation of local and regional geological structural surface features; the " 

determination of the amount of volcanism and the type of material involved; the 
assessment of climatic history and associated ground water information; and 
determination o f  the hydrothermal a1 terat ion of surf ace rock. 

Subsurface explorations rely on new and previous borehole records, down- 
hole logging surveys, and analyses of cuttings, cores and extracted fluids. 
Due to the typically heterogeneous nature of geothermal reservoirs, additional 
testing will be necessary to obtain information on the ability of a reservoir 
to accept injection fluids at certain rates. 

5.5 WASTE DISPOSAL AT SPECIFIC GEOTHERMAL FIELDS 

The chemistry of geothermal fluids and the generic problems associated 
with the various methods of liquid waste disposal have been outlined above. 
This section discusses specific geothermal fields and briefly describes the 
disposal methods currently in use at a representative sample of international 
sites, including sites in the U.S. that are in advanced stages of development. 

Larderel lo, Italy 

In the 52 years that geothermal fields in the vicinity of Larderello have 
been operational, steam temperature has increased approximately 4OoC; the 
hydrostatic water level has dropped several hundred meters; the quality of the 
steam has changed from saturated to superheated; and the reservoir pressure has 
decreased. The average life of a production well at Larderello is about 
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22 years. A s ign i f i can t  decrease i n  pressure a t  the w e l l  (caused by a combin- 
a t ion o f  steam u t i l i z a t i o n  and formation plugging) i s  a 'sure sign t h a t  the we l l  
i s  nearing the end o f  i t s  usefulness. Over 470 production wel ls have been 
d r i l l e d  a t  Larderel lo and Monte Amiata t o  an average depth o f  about 1000 m, 
using bore diameters up t o  34 cm (13-3/8 in.). Well spacing o f  100 t o  180 m 
r a d i a l  distance between production wel ls has proven successful . Presently, 20% 
of the wastes are i n j  ed i n t o  the periphery o f  the f i e l d  and the r e s t  i s  
discharged i n t o  loca l  (46 1 

I n j e c t i o n  experiments have taken place both a t  the periphery of the f i e l d  
and i n  the producing regions. 
several hundred meters quenched a production w e l l .  This e f f e c t  i s  believed t o  
have been caused by f l o w  o f  the cooler water along a major f a u l t  i n t o  the 
region o f  the producing we1 . One set o f  i n j e c t i o n  tes ts  was undertaken i n  
1973 i n  the Vi terbro Region using in jected water lat 62OC a t  f low ra tes  o f  
3.5-35.5 R/sec. The i n j e c t i o n  was accomplished under i r a v i t y  f l ow  for 9 days 
i n t o  a wel l  1100 m deep t h a t  passed through a very permeable carbonate forma- 
t i o n  f i r s t  encountered a t  700 m. The i n j e c t i o n  d i d  not t r i g g e r  any seismic 
a c t i v i t y :  
wel l  i n  advance of the experiment t o  monitor seismic a c t i v i t y  recorded no 

I n  one instance, channe ng o f  co ld  water over 

a network o f  f i v e  microseismic s tat ions t h a t  had been establ ished 

movement . (47 1 
P 

Wairakei , New Zeal and 

Wairakei f i r s t  went i n t o  productio nd i s  the second oldest'major 
power-producing f i e l d  i n  the world.' 
geothermal f l u i d  had been withdrawn 
Waikato River. The r e  v o i r  i s  producing a t  r a t e  of .75 x lo6 ton(M)/yr. 

2 The o r i g i n a l  reservo i r  
mately 42 kg/cm2 (600 p s i )  by 1970. Between 1962 
per wellbore de g/hr t o  appro 
the average res eased from 26 
highest recorded tem 

978, over 1200 x lo6 tons(M) o f  
the reservo i r  and discharged i n t o  the  

s u r e  o f  63 kg/cm decreased t o  approxi - 
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t The 61 production wel ls d r i l l e d  a t  Wairakei have an average depth o f  
760 m. A production bore diameter o f  19 cm would enable them t o  produce con- 
s iderably greater f low if the o r i g i n a l  reservo i r  pressure was maintained. The 
production wel ls  are spaced 50 t o  70 m apart, and careful reservo i r  management 

now i n  e f f e c t  t o  avoid fu r the r  decrease o f  the reservo i r  pressure and t o  

- 

prevent in te rac t ion  between the wells. 

Bench marks f o r  the measurment o f  
p r i o r  t o  the exp lo i t a t i on  o f  the  f i e l d ,  

and subsidence were establ ished i n  1950 
and monitor ing has continued per iod i -  

2 c a l l y  since tha t  time. Subsidence has affected an area 65 km i n  s ize  and 
continues a t  an average r a t e  o f  40 cm/yr. The maximum subsidence t o  date i s  
s l i g h t l y  i n  excess o f  4.5 m and i s  continuing. 
as a means o f  c o n t r o l l i n g  the subsidence, but addi t ional  decreases i n  the res- 
e rvo i r  temperatures are not desirable and, consequently, i n j e c t i o n  i s  not being 
done on a regular basis a t  t h i s  time. 

In jec t i on  has been considered 

(48,49,50) 

Disposal of the l i q u i d  wastes i n t o  the r i v e r  i s  causing some problems. 
The t r o u t  populat ion has decreased i n  the v i c i n i t y  o f  the discharge point ,  and 
those t h a t  survive are i n  poor condit ion. Average arsenic concentrat ion i n  the  
r i v e r  i s  about 0.04 ppm, but a t  low r i v e r  f low the concentration can reach 
0.25 ppm. ( 7 )  The maximum leve l  f o r  d r ink ing  water i n  the U.S. i s  0.05 ppm. 

About h a l f  o f  the t r o u t  caught i n  the upper Waikato River have a mercury 
concentration higher than 0.5 mg/kg, which i s  the general ly al lowable maximum 
mercury concentrat ion f o r  f i s h  caught f o r  human consumption. Plant growth i n  
the r i v e r  has increased due t o  the increased ni t rogen level .  Any fu r the r  geo- 
thermal development w i l l  requi re  in jec t ion ,  because the Waikato r i v e r  i s  now 
receiv ing the maximum allowable contamination from the Wairakei f a c i l i t y .  (51) 

Otake and Hatchobaru, Japan 

Otake and Hatchobaru are flashed-steam systems located i n  s im i la r  geolog- 
i c a l  structures consis t ing mainly o f  the Hohi volcanic complex and a l te red  
pyroxene gndesities, lava, and t u f f  breccias. Two geothermal 
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reservo i rs  or  producing zones ex is t .  An upper zon 
250 m i n  depth and continues t o  
are r e l a t i v e l y  impermeable compa 
o f  the lower r 
t o  an unknown 
temperature o 

' a t  approximat 
Hatchobaru but  i n  most respects the two f i e l d s  are very s imi lar .  
under, shut - in  cond i t i  
kg/cm . The water chemistry i s  r e l a t i v e l y  favorable f o r  power production, 
w i t h  pH ranging from 6.7 t o  8.4 and $ t o t a l  dissolved so l ids  from 2500 t o  
5000 ppm. Ten wells e been d r i l l e d  i n  the Otake area, ranging i n  depth from 
250 t o  600 m w i t h  bor iameters of 8 in: The 10-MWe p lan t  a t  Otake went i n t o  
commercial operation i n  August o f  1967 wi th  f i v e  production wells. Waste water 
was dumped i n t o  the l oca l  drainage system u n t i l  1972, when three wel ls  were 
d r i l l e d . f o r  i n j e c t i o n  purposes. 
had been disposed o f  through in jec t ion .  

a r t s  a t  approximately 
Both above and below i t  

layers consis t ing mainly o f  lava. The top 
proximately 550 m. 

r v o i r  i s  approximately 1000 m below the surface and extends 
p lan t  taps only  the upper reservo i r  a t  a 

taps the lower reservo i r  
e a t  Otake and 3 MWe a t  

Pressures 
on these wel ls  range from approximately 7 t o  20 

2 

By 1975, more than 8 x lo6 T o f  the f l u i d  

P r io r  t o  the d r i l l i n g  o f  the three i n j e c t i o n  wells, an i n j e c t i n g  experi- 
ment was conducted on production wel t  N 
in ter ference between the wells. The No. 10 wel l  Ties a t  the centro id  o f  a 
t r i a n g l e  defined by we l ls  No. 7, No. 8,  and No, 9. Two legs o f  the t r i a n g l e  
are approximately 180 m long and the t h i r d  l e g  100 m. 
center o f  the t r i a n g l e  i s  thus located 110, 50, and.70 m from the No. 7 ,  No. 8 ,1  
and No. 9 wells, respect ively.  During the d r i l l i n g  o f  well No. 10, 1 kg o f  
f luoresceine sodium s a l t  was mixed w i t h  the d r i l l i n g  f l u i d  and in jec ted  i n t o  
the well .  Th her three wel ls  were then al low a t  a time, and 
the f l u i d s  f o  No evidence of 
the reagent was observed i n  wel ls  No. 7 an 

10 t o  t e s t  for  possible mutual 

The No. 10 we l l  i n  the 

ch were surveyed f o r  a per iod o 
0 .  9, but  approximately 100 g were 

ound i n  wel l  No. 8. Also, communication between we l ls  No. 10 and 
ident  i n  a reduct ion of the q u a l i t y  of the steam being produced 

from w e l l  No. 8. As a r e s u l t  o f  these experiments, the three i n j e c t i o n  we l ls  
d r i l l e d  i n  1972 were located 150, 350, and 500 m from the closest production 

we l l  (wel l  No. 8). 
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Ld 
The casing program f o r  i n j e c t i o n  wel ls  i s  i den t i ca l  t o  t h a t  f o r  production 

wells, which have a capacity o f  310 t o  600 ton(M)/hr under g rav i t y  flow. Some 
reduction i n  capacity o f  the i n j e c t i o n  wel ls  has been noted due t o  bui ld-up o f  
scale deposits o f  CaC03. For example, i n  wel l  No. R1,  the i n i t i a l  f low r a t e  
o f  310 ton(M)/hr was reduced t o  120 ton(M)/hr i n  3 years. During t h a t  same 
period o f  time, the scale bui ldup on the casing a t  the wellhead measured 25 mm. 
The hydrostat ic water leve l  had changed from 150 m i n  depth t o  120 m dur ing the  
3 year period. 

Chemical t racers are pe r iod i ca l l y  added t o  the in jected f l u ids .  The pro- 
ductiori  wel ls and natural  springs i n  the v i c i n i t y  are pe r iod i ca l l y  monitored. 
I n  over 5 years o f  monitoring, the t racers have not been detected a t  any o f  the 
monitoring stat ions. A four-s tat ion seismic network has been i n  operation a t  
Otake since ea r l y  1972 p r i o r  t o  the beginning o f  in ject ion.  To date, none o f  
the seismic events observed i s  associated w i th  in jec t ion .  

One very favorable ef fect  occurred a t  Otake as a r e s u l t  of the i n j e c t i o n  
o f  f l u i d s  i n t o  the reservoir .  
production wel ls had decreased from 10 t o  8.7 MWe i n  a period of 4 years, and 
production was cont inuing t o  decrease a t  the  r a t e  o f  about 6 percent/yr. A f te r  
i n jec t i on  began i n  1972 on a Fegular basis, power output recovered t o  a l eve l  
o f  10 MW and was being maintained a t  a constant 10-MW level .  Recently the f l ow  
i n  the i n jec t i on  wel ls decreased, and more wel ls are being d r i l l e d .  An addi- 
t i o n a l  problem i s  t h a t  one production wel l  was quenched by waters from an 

Pr io r  t o  1972, the net power produced by the 

i n jec t i on  well . (52) 
I 

A t  Hatchobaru, the i n j e c t i v i t y  of i n jec t i on  wel ls  was also decreasing a t  
a r a t e  o f  about 6 percent/yr w i th  in jected water a t  a temperature o f  6OoC. 
A heat exchanger was i n s t a l l e d  t o  ex t rac t  addi t ional  heat f o r  space heating i n  
the bui ldings, which dropped the i n jec t i on  water temperature t o  4OoC. The 
addi t ional  temperature decrease caused a super-saturation o f  calcium carbonate 
and a decrease i n  i n j e c t i v i t y  of about 25 percent/year. Acid cleaning using a 
35 percent concentration o f  hydorchloric acid has been in jec ted  i n  the wel ls  
t o  obta in  an acid concentration of 3 t o  5 percent. The capaci ty o f  the wel ls  

Lid 
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u 
approximately doubled as a result of the acid cleaning and the technique is ' 

considered successful. At Hatchobaru, 12 wells had been drilled as of 1977 to 
a depth of approximately 2 km. Five of these were being regularly used for 
power generation. Injection of waste 1 iquids into the producing reservoir has 
decreased the enthalpy of all the production wells. (52) A 25-MWe generating 
facility has been installed with an expected ultimate development of 180 MWe 
at some future date if the injection problems can be solved. 

Cerro Prieto, Mexico 

27 of the 37 wells drilled in the Cerro Prieto field were 
are being used to produce' 75 MWe o f  power. The 
t production aquifers are encountered at 600 to deepest .we11 is 

900 m, 1300 to 1600 m, and 1800 to 2000 m. Wellhead pressures are approxi- 
mately 90 kg/cm , and bottomhole temperatures are approximately 370OC. 
Maximum shut-in pressures at the wellhead are approximately 95 kg/cm With 
flow rates of 100 to 400 ton(M)/hr, 16 wells are used to supply the two 
37.5-MWe turbines. Each of the wells is provided with a steam separator 1.4 m 
in diameter and a water discharge line to the evaporation pond. All liquid 

2 wastes are dumped into an 16 km evaporation pond, wher they are cooled and 
some of the silica and salts allowed to precipitate out 
overflow of saline water (approximately 25,000 ppm) flows by canal to the Sea , 
of Cortet. 
being studied, An additional 75-MWe generating capacity has been installed at 
this site, and 250 MWe will be installed by 1985, . 

Ahauchapan, El Salvador 

2 
2 

The resulting 

. Injection has not been practiced to date at Cerro Prieto but is 

auchapan field (53 954) 
out 30 km from the bo 

ined within an old calder 
completely filled with volcanic prod 
heat directly beneath it, or the heat- source is nearby and hot water flows 

cated in the northwestern part of El 
ith.Guatemala and 64 km from the Pacific 

elevation of about 800 m sea level The Id is believed 
is 14 km in diam r and has been 
The caldera either has a source of 

laterally into the caldera. / 

W 
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Two major aquifer systems i n  the reservo i r  consist  o f  one shallow, low- 
temperature, low-sal i n i t y  aqui fer  extending t o  a depth o f  approximately 500 m, 
and one high-temperature, h igh -sa l i n i t y  aquifer extending from about 500 m t o  
an unknown depth i n  excess o f  1400 m. The two systems seem t o  be r e l a t i v e l y  
iso la ted w i th  a region o f  low permeabil i ty i n  between them. 

the w e l l  head, the f l u i d s  contain approximately 18,000 ppm o f  sodium, potassium 
and calcium sal ts,  and an addi t ional  650 ppm o f  S O 2 .  The average steam 
q u a l i t y  i n  1978 was 17%. (127) Mineral deposit ion and sca l ing  are s i g n i f i c a n t  
problems, p a r t i c u l a r l y  i f  the temperature o f  the water drops. 
estimated tha t  the minimum po ten t i a l  o f  t h i s  f i e l d  i s  5000 MWe/yr, and plans 
now c a l l  f o r  the i n s t a l l a t i o n  o f  a t h i r d  generating u n i t  o f  35 MWe size. This 
w i l l  b r i n g  the i n s t a l l e d  capacity o f  95 MWe. 

The temperature o f  the lower geothermal reservo i r  i s  about 24OoC. A t  

It has been 

Two methods o f  waste disposal were studied a t  Ahauchapan between 1970 and 
1975: 1) the construction o f  a p r e c i p i t a t i o n  pond and disposal o f  the f l u i d s  
through a 86-km canal t o  the ocean, and 2) i n j e c t i o n  i n t o  the geothermal res- 
ervoir .  The canal was b u i l t  and i s  being used t o  de l iver  about 70% o f  the 
waste l i q u i d s  t o  the ocean, the remainder o f  the l i q u i d s  are i n jec ted  i n t o  the 
producing f i e l d  t o  maintain reservo i r  pressure. 

Large-scale i n j e c t i o n  experiments were successful ly ca r r i ed  out i n  1970 
6 3  and 1971, during which time approximately 2 x 10 m o f  water a t  15OoC 

was in jected. 
bined d r i v i n g  force o f  g r a v i t y  and vapor pressure. An e a r l i e r  attempt t o  
i n j e c t  the water a t  150°C i n t o  a 1525 m wel l  j u s t  butside o f  the geothermal 

I n j e c t i o n  occurred a t  ra tes o f  90 and 160 a/sec using the com- 

reservo i r  f a i l e d  becasue the formation had low permeabi 1 ity. Consequently, a 
dual-purpose well was d r i l l e d  w i t h i n  the production area and f in ished w i t h  
s l o t t e d  l i n e r  t o  a depth o f  952 m, somewhat below the depths o f  the  production 
wells. I n j e c t i o n  i n t o  t h i s  wel l  proved successful as long as the temperature 
o f  the waste f l u i d s  d i d  not drop below 15OoC. 

To t e s t  f o r  i n te rac t i on  between the production we l ls  and the surface 
springs i n  the area, several o f  the springs were monitored, and no changes 

were observed. When a t r i t i u m  t racer  was in jected i n t o  the i n j e c t i o n  w e l l  i n  
\ 
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1971, a small quant i t y  o f  t r i t i u m  
days. (53) After  a period o f  a few 
appeared i n  two other production wells, 
water or freshwater wells. The 
was found are located 500 m from the 
the in jected t r i t i u m  has been recovered 
i s  unkown. It i s  expected t h a t  some 
in jec t i on  wel l  and the production wel l  
Mutual i n te rac t i on  w i l l  probably occur 
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appeared i n  a nearby producing wel l  w i th in  2 
weeks, a very low leve l  o f  t r i t i u m  also 

but none was observed i n  any7surface 
production wel ls i n  which the t r i t i u m  t racer  

i n j e c t i o n  we1 1. Less than 1 percent o f  
and the whereabouts o f  the remainder 

d i r e c t  channeling ex is ts  between the  
i n  which the t r i t i u m  was f i r s t  observed. 
among these wel ls  i f  f u l l  production 

The Geysers geothermal area, which 
north-central Ca l i f o rn ia  i n  Sonoma ard 
Francisco and 104 km northwest o f  

E l e c t r i c  power product i o  began 

9 
steam was discharged i n t o  B ig  Sulphur 
1975, over 15.2 x 10 1 had been 
o f  1976, approximately 17.9. x lo6- !&/cay 
wells. Approximately 90 production 
almost continuous d r i l l i n g  and expans,ion. 

produces d ry  steam, i s  located i n  
Lake Counties, about 120 km nor th o f  San 

Sacramento. 

i n  1960, and u n t i l  1969, the condensed 
Creek. I n jec t i on  began i n  1969, and by 

re t i rned  t o  the geothermal reservoir .  As 
was being in jec ted  i n t o  s i x  deep 

Wells are typ ica l l l y  22 cm 

, 

wel ls  have been d r i l l e d ;  the f i e l d  i s  under 



producing wel l .  Consequently, i n j e c t i o n  we l ls  are now d r i l l e d  deeper than 
nearby producing wel ls and removed as f a r  as possible from major producing 
regions. No pumping power i s  required f o r  in jec t ion ,  as the water r e a d i l y  
enters the formation under a g rav i ta t iona l  head. A t racer  t e s t  was run on one 
i n j e c t i o n  wel l  from 1975 through 1977. (55) Results o f  the t e s t  ind ica te  
t h a t  18% o f  the condensate in jec ted  i n t o  the we l l  was vented i n  the form o f  
steam a t  surrounding production wells. 

The condensate steam has concentrations o f  amnonia and boron t h a t  exceed 
Ca l i f o rn ia  standards f o r  surface disposal i n t o  a watershed and, consequently, 
i n j e c t i o n  has become a standard procedure. The steam contains approximately 1 
percent gases by volume, some o f  which are in jec ted  along with the water. To 
prevent contamination and plugging o f  the in jec ted  wells, s e t t l i n g  basins are 
used t o  remove the so l ids  before in jec t ion .  Deaerating vessels are used t o  
remove oxygen and a i r  from the i n j e c t i o n  system t o  cont ro l  ox idat ion and cor- 
rosion. 

Subsidence and microseismic a c t i v i t i e s  are being c a r e f u l l y  monitored a t  
The Geysers. An increase i n  microseismic a c t i v i t y  recen t l y  has been detected 
i n  t h i s  area. 

State requirements t o  reduce the emission o f  H2S have g rea t l y  changed 
the charac ter is t i cs  and disposal problems. A t  e x i s t i n g  geothermal plants, an 
i r o n  compound in jec ted  i n t o  the cool ing tower water reacts w i th  the H2S t o  
form an i r o n  s u l f u r  compound t h a t  p rec ip i ta tes  out and c o l l e c t s  i n  the coo l ing  
tower water sump. The so l ids  are removed from the water before the water i s  
in jec ted  i n t o  a reservoir .  Disposal o f  these so l ids  i s  becoming a # s i g n i f i c a n t  
problem. If we assume the steam has an average o f  220 ppm H2S, t h a t  90% i s  
removed i n  the abatement process, and t h a t  the sludge contains 10% i r o n  and 50% 
water, the amount o f  sludge produced would be about 15,000 ton(M)/yr. New 
p lants  are being i n s t a l l e d  w i th  other types o f  H2S clean-up systems t h a t  
produce elemental s u l f u r  as a by-product. 
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Seven condensate s p i l l s  ranging i n  volume from 11 t o  740 ton(M) were 
reported during the 16-month period between May 1974 and September 1975. (128) 

One o f  these s p i l l s  occurred on September 9, 1974, when 17 ton(M) o f  conden- 
sate was released, k i l l i n g  an estimated 5000 f i s h  i n  B ig Sulphur Creek. No 
f i s h  were k i l l e d  during a second s p i l l  o f  170 ton(M) on September 15, 
1974.(129) The reason tha t  
not i s  t ha t  the September 9 sp i l lage  picked up mercury and s u l f u r i c  acid as i t  
passed through fumaroles and natural  geothermal a l te ra t ions  before running i n t o  
the creek. The second condensate s p i l l  on the other hand, t raveled some d is -  
tance over d ry  ground and p a r t i a l l y  soaked i n t o  surface s o i l  instead o f  running 
i n t o  the creek. 

e f i r s t  s p i l l  k i l l e d  f i s h  and the second d i d  

Berms are being i n s t a l l e d  around the o ld  power plants. These berms are 
designed t o  catch the accidental s p i l l s  and d i v e r t  the l i q u i d s  i n t o  sump where 
they can be pumped back i n t o  the disposal system. New plants are being 
designed w i th  berms. 

Val les Caldera, U.S. 

The Union O i l  Company has been conducting i n jec t i on  experiments a t  the 
Valles Caldera near Los Alamos, New Mexico, since 1973. The primary experi- 

6 ments were done i n  two wel ls i n  1973 and 1974, where approximately 380 x 10 
o f  water wer njected i n t o  the liquid-dominated reservoir.  No evidence o f  a 
decrease i n  i n j e c t i v i t y  was ob 
found t o  be ass ion  experiment. I n jec t i on  i s  thus 
considered a v i  
geothermal f l u i d s  have uno 

ur ing  t h i s  year and no seismic events were 

p t ion  f o r  waste disposal a t  Valles Caldera, even though the 
reported (sans quant i fy ing data) t o  

Caldera i s  exceedingly complex, resu l t -  
edimentat ion, resurgence, per iod ic  
the system i s  h igh ly  recept ive t o  

les  Caldera's exceedingly high permeabi.1 i t y  could 
t a l  problems. 
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Imperial Valley, U.S. 

The Imperial Val ley i s  pa r t  o f  a sediment-f i l led, f au l t - cu t  and f ractured 
s t ruc tu ra l  depression t h a t  extends from the nothern end o f  the  Coachella Val ley 
southward t o  the Gulf o f  Cal i forn ia .  .The Ca l i f o rn ia  por t ion  o f  t h i s  depression 
i s  o f ten  ca l led  the Salton Trough. Geologists bel ieve t h a t  r i f t i n g  apart o f  
the Salton Trough began i n  the Miocene period, 'some 10 t o  15 m i l l i o n  years ago, 
and has continued t o  the present time. 

A blanket o f  sediment 20,000 f t  thick,  derived from the erosion o f  the 
cont inental  i n t e r i o r  and car r ied  l a rge ly  by the  ancestral Colorado River, has 
accumulated i n  t h i s  s t ruc tu ra l  depression. Severaf f a u l t s  cu t t i ng  the trough 
are thought t o  be active. These include the  Imperial Fault,  the San Jacinto 
Fault,  the Ca l i pa t r i a  Fault,  and the extension o f  the San Andreas Fault.  I n  
addi t ion t o  earthquake a c t i v i t y ,  episodes o f  seismic creep are reported along 
ce r ta in  f a u l t s  and, on the basis o f  l i m i t e d  data auailable, a complex pat tern 
o f  subsidence and u p l i f t  i s  suspected i n  the  val ley.  

7 

The ground-water f low system f o r  the Imperial  Val ley on a regional  basis 
i s  complex and not wel l  known. 
nized, and i n  some areas, f a u l t s  may provide interconnections between shallow 
and deep aquifers. The q u a l i t y  o f  the ground water var ies considerably 
depending on locat ion and depth. 

St rat igraphic  separation o f  aqui fers i s  recog- 

In jec t i on  o f  waste l i q u i d s  w i l l  i n  general depend on the physical  and 
chemical propert ies o f  the l i q u i d s  and the hydraul ic and geochemical 
charac ter is t i cs  o f  the reservoir .  I n  par t i cu la r ,  care must be exercised i n  
mixing wastes from various wells. Waste from a spec i f i c  we l l  may not present 
a problem by i t s e l f  but, when combined w i th  wastes from a second well, may 
r e s u l t  i n  p rec ip i t a t i on  o f  sol ids.  Even though the  components o f  the  p rec ip i -  
t a te  may be present i n  quant i t ives o f  on ly  a few ppm, the extremely high vo l -  
ume-flow rates can lead t o  the accumulatjon o f  excessive amounts o f  p rec ip i ta -  
tion-. Poros i ty  and permeabi l i ty  fac to rs  are not s u f f i c i e n t l y  wel l  known f o r  
the va l l ey  nor f o r  spec i f i c  f i e l d s  so unless experimental programs have been 
conducted, predict ions have t o  be made about how an area w i l l  be af fected by 

i n j e c t i o n  disposal methods. b 
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Large-scale withdrawal o f  geothermal water i n  the Imperial Val ley would * 

probably exceed the natura l  r a t e  o f  recharge, eventual ly a f fec t i ng  water leve ls  
and supply. I n jec t i on  should he lp o f f s e t  t h i s  tendency. Once-the geologic and 
hydrologic charac ter is t i cs  o f  the va l l ey ' s  reservo i rs  are known, i n j e c t i o n  
should be feas ib le .  

Salton Sea (Niland), C a l i f o r n i a  

from 
from 
the 

Geothermal wells i n  the immediate v i c i n i t y  o f  Sal 
hot-water reser rs.  Steam and h igh s a l i n  
a depth o f  600 t o  1000 upper reservo i r  and 

lower reservo i r .  Total  dissolved so l ids  have exceeded 300,000 ppm i n  some .. 
samples and led t o  corrosion, scal ing, and res idua l -sa l t  d i  sa l  problems. 

Various companies have experimented w i t h  mineral ex t rac t ion  and w i t h  using 
steam as a source o f  geothermal energy. 
1963, when the Colorado River Basin Regional Water Q u a l i t y  Control Board 
proh ib i ted  the discharge o f  any geothermal br ines i n t o  any channel d ra in ing  
i n t o  the Salton Sea. (130) Union O i l  per fo r ied  a one ear i n j e c t i o n  t e s t  as 
an adjunct o f  a production t e s t  dur in  1964 and 1965 i n  the Ni land area. Over 
t h i s  period, approximately 477 x 10 L were in jec ted  a t  a t e  of ab'out 3.0 
x lo6 R/day. The hydrostat ic  pressure o f  the c 
l i qu ids .  

I n jec t i on  experjments were begun i n  

( 

6 

rnn o f  water in jec ted  the 
No loss o f  i n j e c t i v i t y  was noted. (57)  

Problems recent ly  arose when i n j e c t i o n  l i q u i d s  from the Magmamax No. 1 
wel l  were replaced with l i q u i d s  from the Woolsey No. 
contain 60-70 ppm S O p . )  Magmamax f l u i d s  contain sma 
o f  barium, whi le  f l u i d s  from Woolsey contain small am 
v idual ly ,  these components present roblem, but  wh 
together, a troublesome bar ium-sul f a t  p r e c i p i t a t e  forms. 

su l fa te.  I n d i -  

P h i l l i p s  Petroleum Company and San Diego Gas and E l e c t r i c  (SDG&E) are both 
cont inuing t o  invest igate the p o s s i b i l i t i e s  o f  b r i ne  disposal by in jec t ion .  
The i n j e c t i o n  wel l  i n  t h i s  area has been stimulated by hydrof ract ing with o n l y  
pa r t  i a1 success. 

' 

w 
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Water resources i n  the Imperial  Val ley may be af fected by the disposal 
method tha t  i s  used. Surface discharge disposal t h a t  drains i n t o  the Salton 
Sea could change the s a l i n i t y  o f  the sea. The Salton Sea present ly  has a TDS 
o f  about 39,000 ppm which i s  greater than average sea water. Increasing the 
s a l i n i t y  could destroy the ex i s t i ng  aquatic l i f e  i n  the sea. Waste disposal 
methods t h a t  increase the p r o b a b i l i t y  o f  wbsidence such as the surface d is -  
charge or  i n j e c t i o n  outside the producing horizon could change the drainage 
patterns f o r  the i r r i g a t i o n  system. This would not be acceptable if there i s  
a chance t h a t  the p roduc t i v i t y  o f  the farm land could be decreased. Most o f  
the surface and ground water i n  the Imperial  Val ley i s  not potable and small 
changes i n  the s a l i n i t y  o f  these waters would not have any great a f f e c t  on the  
comnunity. 

Heber, C a l i f o r n i a  

Geothermal waters a t  Heber are found a t  depths o f  about 600 t o  3000 m. 
Sodium ch lo r ide  i s  the  main dissolved const i tuent,  and s i l i c a  concentrations 
are low enough (TDS 14,000-16,000 and 260 ppm S O 2 )  t h a t  sca l ing i s  not 
thought t o  be a problem. Separation o f  shallow ground-water and deeper ho t  
wel ls  i s  indicated by the d i f f e r e n t  composition o f  water on the two levels.  
The separation i s  probably due t o  a hundred-meter-thick u n i t  o f  c lay  and s i l t  
above the geothermal reservoir .  (56) 

2 Six geothermal wells have been d r i l l e d  i n  an area less than 5.2 km t h a t  
includes the purposed SDG&E-Cheveron Plant s i t e .  They range i n  depth from 1220 
t o  1830 m. The leaseholders a t  Heber have indicated an a b i l i t y  t o  supply hot 
b r i ne  and t o  i n j e c t  cool b r i ne  and cool ing tower blowdown simultaneously a t  
ra tes  required f o r  the generating u n i t  and the experimental f a c i l i t y .  

The down-hole temperature o f  geothermal b r ine  produced a t  Heber ranges 
from 176 t o  204OC, depending on the pa r t i cu la r  wel l .  It i s  assumed t h a t  the 
mean temperature o f  the br ine supplied t o  the p lant  boundary w i l l  be 193OC. 
Typical ly,  the number o f  dissolved so l ids  i n  the br ine  i s  14,000 ppm and the  
pH i s  approximat ly 6. The amounts of noncondensable gases dissolved i n  the 

/ 

b r i  ne are small 1 7 compared t o  those -in The Geysers. 
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All of the brine suppl ied t o  Heber is returned for injection, w i t h  the 
exception of a small amount that is flashed t o  steam n an experimental 
f aci 1 i ty. B1 owdown from cool i ng towers is combi ned t h  recycled cooled brine. 
F l u i d  is then returned to  the s i t e  boundary as l i q u i d  a t  a pressure of 
22 kg/cm2, which is the nominal pressure needed for injection. With deepwell 
pumps, the flow rate per well ranges from 6.0 x 10 t o  8.0 x 10 Il/day. 
Based on previous experience, the operator a t  Heber anticipates *requiring one 

6 6 

inject ion well for every two production wells. (58) 

Producing energy a t  Heber from 50 t o  60 wells will require about 20 t o  30 
injection wells for disposal material. The injection wells will be arranged 
i n  concentric circular arrays w i t h  an array diameter of about 3000 m. 

If the hydrologic separation of the geo ermal reservoir and the shallow 
ground water by the clay and s i l t  units is really acadequate as experience has 
so far  shown, and if proper well construction and completion techniques are 
followed, l i t t l e  or no mixing of deep-injected 
water should occur. 

East Mesa, California 

te r  w i t h  shallower ground 

I 

The East Mesa geothermal is a liquid-dominated reservoir 
that produces steam through fractured sandstone. The U.S. Bureau of Reclama- 
tion had been exploring the feasibi l i ty  of desalting geothermal brines for 
fresh-water supplies, mineral recovery, ahd electric power generation. The 
Bureau drilled five deep wells. Total dissolved solids are about 25,000 ppm 
a t  about 2400 m, and about 2500 ppm a t  1800 m e downhole temperatures are 
less that 20OoC. A large number of e been drilled for temper- 
ature, geophysical, and core data. 
t o  establish. 

on between the wells is diff icul t  

The injection well (Mesa 5-1) is lined w i t  -cm casing to a depth of 
1830 m. Injection tes ts  have been run using shallow ground water and brine 

3 6 from a 47,000 m hold ing  pond w i t h  injection rates of 1.2 x 10 Illday a t  
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k i  
42 kg/cm2 (600 ps i ) .  (a) Recently, however, the i n j e c t i o n  w e l l  became 
plugged, apparently from excess so l ids i n  the waste, and was reopened w i t h  an 
acid in ject ion.  
operat i ng . 

Liquid wastes are ponded when the i n j e c t i o n  w e l l  i s  not 

A micro-earthquake network has been established t o  monitor e f fec ts  o f  
production and i n j e c t i o n  o f  seismic a c t i v i t y  i n  East Mesa. Data so f a r  have 
shown no re la t i onsh ip  among micro-eathquake a c t i v i t y ,  wel l  production, and 

t o r i n g  o f  near-surface ef fects.  
on, Extensometers and t i l t m e t e r s  are being i n s t a l l e d  f o r  f u r the r  'moni- 

DOE and the Bureau of Reclamation established the East Measa Test S i t e  as 
a national t e s t  s i t e  for  onsi te t e s t i n g  o f  mater ia ls and equipment using 
actual geothermal brines. 

Magma Corporation has constructed a 10-MWe binary cycle e l e c t r i c a l  power 

Start-up tes ts  were being run l a t e  i n  1979. F u l l  produc- 
p lan t  a t  East Mesa. The waste f l u i d s  from the p lan t  w i l l  be i n jec ted  i n t o  the 
producing horizon. 
t i o n  i s  expected during 1980. 

Roosevelt Hot Springs, Utah 

The Roosevelt geothermal f i e l d  i s  s i tuated i n  eastern Beaver County, Utah. 
F i l l  sediments i n  the graben are approximately 1500 m t h i c k  i n  the center o f  
the val ley. 

Recent f a u l t i n g  i n  the v i c i n i t y  o f  the prospect i s  indicated by f resh 
scarps o f  al luvium and the c u t t i n g  and displacement o f  hot spring deposits. 
Faults appear t o  be major c o n t r o l l i n g  structures i n  the subsurface hydrologic 
regime. / 

The thermal anomaly i s  underlain by intermediate and s i l i c i c  c r y s t a l l i n e  
rocks a t  the surface or a t  shallow depths. The reservo i r  i s  comprised o f  t h i s  
f racture system. The top o f  the anomaly i s  w i t h i n  only 900 m o f  the surface. 
The f r a c t u r e  zones have a high e f f e c t i v e  permeabi l i ty  l o c a l l y ,  y i e l d i n g  up t o  

(a) Reported a t  .Geothermal Resources Council f i e l d  t r i p ,  May 12, 1977. 

csl 
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113,000 kg/hr flashed steam i n  excess of 25OoC from the reservoir. Pressures 
are near hydrostatic, and f l u i d s  have less than 8000 ppm total  dissolved 
solids. Tests r u n  on a well by P h i l l i p s  Petroleum C6mpany indicated that the 
system is 1 iquid-dominated. 

Raft River, Idaho 

The Raft River area i s  located i n  south-central Idaho approximately 65 km 
south of Burley, i n  Cassia County. Hot springs there i n  3108 hectares have 
been classified as a Known Geothermal, Resource Area (KGRA) . Raft River is a 
southern tributary o f  the Snake River; the Raft River Valley l ies  on the border 
between the Basin and Range geologic province ( t o  the south) and a volcanic 
province ' ( to  the north-west). The north-south elongate valleys appear similar 
to  the other Basin and Range valleys. The valley is bounded on the west by 
Tertiary and s i l i c i c  volcanics traversed by north-trending major faulting, and 
this faulting appears to control thermal spring location. 

The thermal area of interest l i es  i n  the southern part of the valley a few 
kilometers north of the Utah state line. Two shallow wells have been deliver- 
ing  boiling water from a depth of about 122 m for many years. These wells 
produce from alluvium. Other shallow wells and springs i n  the area are cooler; 
maximum temperatures are below 38OC. The valley has been the scene of 
extensive geophysical work by the U.S. Geological Survey. Chemical tempera- 
tures ( i  .e., temperatures inferred from chemical composition) of 140 t o  16OoC 
have been reported for t h e  well water. 

Recently, several deep geothermal t e s t  wells were drilled, so that they 
would intercept a fau l t  zone. The wells produce water under artesian condi- 
tions at  about 150°C and are about 1500 m deep. (62) The water quality 
f a l l s  i n  the s l ight ly  brackish classification ( <  2000 ppm). 

Regional circulation of water t o  the area is  not well understood. The 
general belief is that the source of recharge is some distance away, and that 
the water migrates into the area, percolating downward t o  the hot monzonite, 
which heats the water. Upward migration of the hot water is believed t o  be 
along faults and fau l t  zones. 
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i 1 
I 

I 
1 
I Presently, liquid wastes are disposed of by injection. Experiments are 

being run to determine the feasibility of using the liquids for irrigation of 
agriculture crops and alcohol production. 

A 5-MWe binary plant is under construction at Raft River. The liquid 
effluents will most likely be disposed of through injection. 
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6.0 INDUSTRIAL EXPERIENCE I N  LIQUID WASTE DISPOSAL . 
Geothermal power developers are present ly focusing greater, a t tent ion on 

the problem o f  l i q u i d  waste disposal. 
applied geothermal power, the experience o f  other i 'ndustr ies can be useful i n  
providing informat ion about how t o  dispose o f  large amounts o f  1 iquid,waste. 
The purpose o f  t h i s  chapter i s  t o  look a t  the s tate o f  the a r t  o f  l i q u i d  waste 
disposal by the o i l  indus t ry  and other industr ies.  Petroleum companies, f o r  
example, have been disposing o f  great quant i t ies  o f  sal ine water f o r  a t  l eas t  
100 years. The s i m i l a r i t y  o f  some o f  these br ines t o  geothermal l i q u i d s  lends 
i t s e l f  t o  ready comparisons. The paper, steel,  and chemical indust r ies also 
deal w i t h  massive waste disposal e f f o r t s .  These waste products may o r  may not 
resemble the geothermal br ines chemically, but information on disposal methods 
and treatment techniques can s t i l l  be gained. (The mining indus t ry  also d i s -  
poses o f  a great deal o f  ac id i c  waste water, but t h i s  paper does not i nves t i -  
gate t h e i r  disposal program). 

I n  view o f  the r e l a t i v e  newness o f  

6.1 OIL INDUSTRY EXPERIENCE IN LIQUID WASTE DISPOSAL 

H is to ry  o f  I n j e c t i o n  and.Disposa1 Methods 

I n  the past, the large volumes o f  l i q u i d  wastes t h a t  accumulate during 
production o f  crude o i l  have been disposed o f  by dumping i n t o  r i ve rs ,  streams, 
and lakes. The p o l l u t i o n  t h a t  t h i s  dumping has caused has made it d i f f i c u l t  
t o  maintain freshwater supplies su i tab le  f o r  domestic purposes. Due t o  
increasing demands f o r  freshwater f o r  d r ink ing  and i r r i g a t i o n ,  large-volume 
dumping o f  o i l -product ion wastes i s  no longer allowed i n  most areas o f  t he  
country . 

Shallow earthen p i t s  (sometimes ca l led evaporation p i t s ,  re ten t ion  p i t s ,  
b r i ne  storage p i t s ,  or impounding basins) have been used t o  store and evaporate 
the brine. Earthen p i t s  are not e f fec t i ve  i n  areas i n  which the annual ra in -  
f a l l  i s  greater than the max um water t h a t  can be evaporated. The problems 
associated w i th  shallow ea r t  n p i t s  are s im i la r  t o  those o f  dir 'ect dumping. 
The wastes leach o r  percolate i n t o  the ground o r  surface waters, contaminating 
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b 
dr ink ing  water supplies and producing changes i n  chemistry, temperature, and 
pH o f  the water which can adversely a f f e c t  aquatic l i f e .  Most b r ine  storage 
p i t s ,  therefore, have been outlawed i n  recent years, although a few are s t i l l  
used t o  dispose o f  very small quant i t ies  o f  b r i n e - i n  areas i n  which the 
underlying s t r a t a  contain no'water or  on ly  sa l ine water. (63) 

The next advancement i n  surface disposal o f  br ines was l i n e d  evaporation 
p i t s  t ha t  prevent seepage and contamination o f  surface and ground waters. Many 
mater ia ls  (e.g., concrete, gunite, asphalt, clay, and most recen t l y  p l a s t i c  
f i l m s )  have been used as l iners .  The p l a s t i c  f i lms ,  general ly 0.008 in. or  
heavier, are made from v iny l ,  polyethylene, and polyv iny l a s t i c s  and must be 
protected from mechanical damage. The d i r t  surface o f  t 
free o f  sharp stones, stumps, st icks,  clods bf d i r t  o r  anything t h a t  could 
puncture the l i n ing .  
f ine- textured mater ia l  and t o  spray the area with a weed k i l l e r  t o  assure t h a t  
no weeds w i l l  penetrate. To pro tec t  the l i n e r  from the top, q u i t e  o f ten  i t  i s  
covered w i t h  a 6-in. layer  o f  f ine- textured mater ia l  and a 6-in. layer  of 

reservo i r  must be 

It i s  genera l ly  a good idea t o  dress the surface with a 

gravel. This covering, however, may very wel l  cost  more than the l i n e r  
i t s e l f .  (63) 

Vinyl  f i lms  have a tendency t o  deter iorate when exposed t o  weather or  o i l ,  
making it very important t o  keep the reservo i r  p a r t i a l l y  f i l l e d  a t  a l l  times. 
Polyethylene sheets are more weather-resistant and w i l l  g ive adequate service 
even when exposed t o  the a i r  and the  sun, but  they are d i f f i c u l t  t o  j o in .  
Heat-sealing i s  the best method f o r  fus ing  the mater ia l ,  but  it i s  d i f f i c u l t  
t o  heat-seal large sheets i n  the f i e l d .  Perhaps when b e t t e r  adhesives are 
developed f o r  polyethylene, i t s  lower cost and aging proper t ies w i l l  make it 
an a t t r a c t i v e  l i n e r .  (63) 

An estimate o f  the surface area required t o  handle the br ines from various 
geothermal energy conversion processes i s  shown i n  Table 6.1. The c a p i t a l  
costs o f  these ponds ( inc lud ing construction, pond l i ne r ,  embankment protec- 
t ion ,  engineering, land and admin is t ra t ive costs)  are estimated i n  Figure 6.1. 
The operation and maintenance costs include materials, supplies, and 
1 abor . (63) 
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TABLE 6.1. Estimated Water Surface Area Required 
f o r  Disposal o f  Geothermal Wastewaters 

Rate, Iclmin Area, Acres 

17,000 1450 

Geothermal Median Wastewater Water Surface 

power generation 

binary, t o t a l  f low 
power generation 

Flashed steam, 80,000 5335 

D i rec t  heating 
open and closed 
sys tems . 
Desal i nat ion 

500 

3,000 

43 

257 

For years, most o i l - f i e l d  br ines have been disposed o f  by i n j e c t i o n  i n t o  
u ids are usua l ly  t reated p r i o r  t o  t h e i r  in jec-  

Due t o  increased awareness of environmental pol- 
subsurface format ions .. 
t i o n  a t  ambient temper 
l u t i o n  and, i n  some cases, enhanced o i l  recovery, t h i s  method o f  waste disposal 
i s  almost exc lus ive ly  used f o r  disposal o f  o i l - f i e l d  br ines today. 

. 

One o f  the f i r s t  subsurface disposal techniques involved the use o f  less 
than 300 m wells. Higher i n j e c t i o n  pressures were required t o  maintain a h igh 
f low rate, r a i s i n g  t h  
also increased the ch freshwater supplies. It was soon 
found tha t  deeper f o r  
a less c o s t l y  disposal Deep we l ls  accep 
grav i ty ,  reducing the need f o r  i n j e c t i o n  ,pumpi 

ce >the chance o f  c 
1 po in t  i s  located b 

os t  of disposal. r tunate ly ,  these shallow wel ls  
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FIGURE 6.1. Total Annual Cost o f  Evaporation Ponds Versus 
Surface Area 

I n  tl,e past few years, a number o f  wel ls have collapsed t h a t  use Porb lm 
cement containing a high percentage o f  s i 1  ica. American Petroleum Industry 
(API )  standards f o r  o i l  wel l  cements have been applied t o  geothermal wel l  con- 
s t ruc t i on  i n  the absence o f  any other c r i t e r i a .  A task group w i t h i n  the A P I  
comnittee f o r  standardization o f  o i l  wel l  cements, has been formed and i s  . 

inves t iga t ing  the matter o f  developing revised standards. 
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Types o f  Liqu,, #as,es anc ,J 1 umes 

O i l - f i e l d  l i q u i d  wastes cannot be generalized i n t o  one type o f  brine. 
Concentrations o f  dissolved so l ids  vary from less than 100 t o  more than 
10,000 ppm. Chemical const i tuents o f  br ines from d i f f e r e n t  formations also 
vary widely, as do the  chemistry o f  br ines a t  d i f f e r e n t  s i t e s  w i th in  the same 
formation. Sometimes br ine  taken from wel ls located less than a m i l e  apart 
causes serious problems hen mixed, because o f  the chemical react ion and pre- 
c ip i t a t i on .  Most o f  t h  produced brines have sodium or calcium chlor ide as 
t h e i r  major consti tuent, but  magnesium, bicarbonate, and su l fa te  predominate 
i n  some. Many other elements are present as minor consti tuents and as t race  
elements, some even i n  commercially economic quant i t ies.  Table 6.2 shows the  
major const i tuents o f  some representative o i l  f i e l d  brines. 

- 

(65 1 

The problems o f  plugging, sca l ing and corrosion w i l l  probably be greater 
f o r  geothermal plants than f o r  oi l-producing plants because i n  general, geo- 
thermal 1 Squid wastes contain subs tan t ia l l y  more dissolved so l  i d s  than do o i  1 
wastes. The greater volumes o f  b r ine  produced a t  geothermal s ta t ions w i l l  
add i t i ona l l y  escalate the incidence and sever i ty  o f  plugging, sca l ing and cor- 
rosion: approximate 8 K 10 l i te rs /day  o f  l i q u i d  waste i s  disposed o f  a t  the 
largest  o i l  f i e l d  i n  the United States. I n  contrast, the 100-MW Salton 
Sea geothermal p lan t  w i l l  produce 9.5 x 10 l i ters /day,  and the 50-MW East 

7 

7 

Mesa geothermal p lan t  w i l l  generate 12 x 10 7 l i ters/day. (25) 

Present Treatments and Disposal Equipment 

The success o f  a disposal system depends upon a carefu l  analysis o f  the 
f i e l d ' s  b r ine  chemistry and the geologic formation 
describe a l l  the special ized system 
but most systems can be discussed i 
i .e., chemical and mechanical 

Chemical treatment metho 

It would be impossible t o  
ngineered for each brine, 

methods they have i n  common, 

oagulation; prec ip i ta t7on cont ro l  ; 
corrosion control;  pH f i xa t i on ;  and s i l i c a ,  iron, and manganese removal. 
Mechanical treatments include sedimentation, f il ation, and aeration. 
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Type o f  Br ine 
Sodium chlor ide 
Sodium carbonate 
Sodium su l fa te  

p Calcium chlor ide 
C a 1 c i um carbon ate 
Calcium su l fa te  
Magnesi um ch 1 or i de 
Magnesium carbonate 
Magnesi um su l fa te  

0, 

c 

Formation 
B ig  In jun  
E l l i s  
Coal i nga 
Arb uc k 1 e 
Embar 
Mad i son 
Lodgepol e 
Uinta 

-- 

TABLE 6.2. 
faraJor 

Analyses of Natural Groundwaters Showin 
Constituents of Various Types o f  Brines 
Source: E. C. Donaldson (Reference 5.49) 

Location 
PA 
MT 
CA 

, KS 
WY 
WY 

Manitoba, Canada 
co 
NM 

Na 
52,200 
3,140 
3,290 
4,230 

140 
580 

44,900 
450 
100 

Ca 
1,730 

90 
390 

16,900 
140 
870 

3,260 
428 

1,000 

'Mg 
3,910 

80 
340 

8,430 
30 

180 
67,340 

542 
25,000 

c1 - HCO so 
121,000 70 320 

2,890 4,040 820 
2,520 360 7,260 

60,100 42 1,190 
10 210 190 

1,070 1,080 1,940 
94,900 2,140 4,800 

90 1,185 1,038 
9,000 0 60,000 



When untreated'or colored waters are passed through a granular filter the 
color and some o f  the turbidity,per se usually esca 
side. Coagulation is a process whereby turbidity, oil, and color are trans- 
formed into a soft, semi-solid or solid mass (also called a floc), which set- 
tles out in sedimentation or can be filtered out. (63) Three types of coagu- 
lants exist: coagulating agents, coagulating aids, and natural coagulants 
already present in the water. Coagulating agents are usually compounds of iron 
or aluminum (when found in the natural environment, they are most often sul- 
fates and acids) that react to form a gelatinous substance. The agglomeration 
of this mix into larger particles, - flocs - depends on physical agitation or 
mixing of the water. Coagulating aids, on the other hand, do not themselves 
cause coagulation but help a coagulant to perform properly. Natural coagulants 
are still different: they are waters that form flocs with only minor 

through to the other 

treatment. (63) 

Precipitation usually occurs when the subsurface pressure, temperature, 
or'oxygen content of the brine is changed. Precipitation can be reduced by 
using a closed system that prevents air from coming in contact with the fluid. 
Elimination of oxygen from the system also reduces corrosion problems. Si1 ica, 
iron, and manganese are not usually a problem in oil field brlnes, but where 
it i s  advantageous to do so, they can be removed.from solution by several 
methods, such as lime addition or oxidation. 

Sedimentation is the process by which suspended or coagulated materials 
separate from water by gravity. Sedimentation basins are used to remove natu- 
ral and flocculated turbidity. When used in conjunction with a filter, sedi- 
mentation usually increases the effectiveness of a high-rate filters. (63) 

Filters can be separated into four categories: those made of loose or 
granular material (sand or mixed media); felted or woven material; rigid, por- 
ous material; and semipermeable material. Sand filters are used most often in 
the field. Slow sand filters operate at'rates of 1750 t o  5300 t/day per m 
(0.03 to 0.09 gal/min per square foot) of filter area. Rapid, high-rate sand 
filters can operate from 8800 to 17,600 l/day,m2, but they 

2 
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uniform sand and improved water treatment. The f i l t e r  area f o r  the 100-MWe 
p lan t  described i n  Chapter 2 would be about 28,000 m f o r  the average slow 

2 f i l t e r  and 7500 m f o r  the average rap id  f i l t e r .  Fe l ted o r  woven f i l t e r s  are 
occasional ly used, although t h e i r  h igh construct ion and maintenance costs make 
them uneconomical. 
are not f requent ly  used, and semipermeable f i l t e r s  are not appropriate because 

2 

I n  the treatment o f  o i l - f i e l d  brines, r i g i d ,  porous f i l t e r s  

co l l o ids  are not a b i g  problem. (66) 

An average cost estimate f o r  f i l t r a t i o n  i s  shown i n  Figure 6.2. This 
graph was based on a f i l t r a t i o n  r a t e  o f  160 R/min/m2, which i s  h igh l y  depen- 
dent on the f l u i d  and the f i l t e r  media. F i l t e r s  must be cleaned when the sys- 

I I I I I -l 
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tem pressure drops below a ce r ta in  po int  as a consequence o f  so l ids  loading and 
f 1 ow rate.  (68) 
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FIGURE 6.2. Cost Estimates f o r  F i l t r a t i o n  
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Aeration is used in water treatment to remove undesirable gases from water 
or to introduce a gas into water for the purpose of causing a chemical reac- 
tion. It is quite often used when a closed system is not desired and advan- 
tages can be gained by completely oxidizing and precipitating the salts or 
hydroxides before sedimentation . (63) 

Well stimulation is sometimes required when the brine has not been pro- 
perly treated and has plugged the well and/or the formation. Acid etch (usu- 
ally HCl), explosives, and hydrofracutring are usually used to stimulate a 
plugged or sluggish injection well. (Of course, the well must be designed to 
accept the hydrofracturing or explosive pressures without collapse.) These are 
costly procedu and should be avolded if at all possible. 

Disposal equipment can be divided into two groups: surface and subsur- 
face. Surface equipment includes the collection and storage systems, sedimen- 
tation and treatment tanks, filters, pumps, and chemical feeders. Subsurface 
equipment includes the well itself and the disposal formation. 

Collection and storage systems are made up of the collecting lines (usu- 
ally cement/asbestos, steel, clay, or in special cases, epoxy-plastic) and the 
storage tanks, which can. be made of cement or steel. Receptacles and transport 
lines that handle highly corrosive brines may have to be constructed of special 
materials, or be given additional protective coatings. Sedimentation treatment 
containers are usual ly wooden or steel nks or concret pits. The size and 

ection pump required for a 

an injection pump is not needed if th 

en operatSon are ermined by well- 
lume of fluid, and t peak rate of injec n, Occasionally, 

ormation is permeable enough to accept 
without pumping. (66) 

injection well itself must be properly desi 
cessful operation (see Chapter 4). Oil-field injection wells generally have 
an injection tube centered in the injection casing.(65) "Packers" are used 

d, of course, f 

to trap a liquid in the annulus etween the injection tubing and the injection 
casing. This liquid is monitore to detect leaks in the injection tubing. 



The formation i n t o  which the br ine i s  in jected i s  probably the most 
important p a r t  o f  the disposal system. Presently, much o f  t h e  waste water t h a t  
i s  generated i n  the o i l  f i e l d s  i s  in jected i n t o  the producing formation. The 
i n j e c t i o n  i s  used t o  maintain pressure i n  the f i e l d  and t o  enhance recovery. 
Some o i l  f i e l d s  have adequate natura l  recharge t o  maintain f i e l d  pressure. 
Waste water i s  then in jec ted  i n t o  another permeable formation. Compat ib i l i ty  
tes ts  are run t o  determine possible react ions between the ex i s t i ng  formation, 
formation f l u ids ,  and the in jected f l u ids .  (64) 

Problems 

The problems o f  disposing o f  sa l ine water are both operational and envi- 
ronmental . The operational problems involve br ine  chemistry; compa t ib i l i t y  
w i th  the formation and formation waters; corrosiveness; p rec ip i ta t ion ;  and 
plugging o f  well-bores. Environmental problems include po ten t i a l  p o l l u t i o n  o f  
underground freshwater aquifers, surface leaks, and seepage from evaporation 
and sedimentation ponds. 

I n  t h a t  o i l - f i e l d  brines have d i f f e r e n t  chemical natures, each must be 
evaluated and tested i n d i v i d u a l l y  t o  determine the operational problems and the  
required treatment. A few problems, however, do seem t o  be common t o  most 
b r  i ne s . 

When br ines are exposed t o  the atmosphere, as i n  an open br ine condi t ion- 
i n g  system, oxidat ion w i l l '  cause p rec ip i t a t i on  o f  s a l t  and hyroxides. Qu i te  
of ten these precip- i tates w i l l  c log  pipes and valves and damage pumps and 
equipment. One way o f  handling t h i s  problem i s  t o  exacerbate the  ox idat ion 
through aeration and then remove the prec ip i ta tes  through sedimentation and 
f i l t r a t i o n .  
prevents the br ine from ever being exposed t o  the a i r .  (67) A closed system 
preserves the physical and chemical propert ies t h a t  the b r ine  had a t  the pro- 
duction well ,  increasing the chances tha t  the in jected f l u i d  w i l l  be compatible 
w i t h  the formation i n t o  which it has been in jected. Closed systems are less 
cos t l y  than t h e i r  open counterparts, because they requi re less surface equip- 
ment, since aeration and sedimentation are eliminated. Exposure t o  the  

Another method i s  t o  i n s t a l l  a closed system, which essen t ia l l y  

L d  
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atmosphere i s  sometimes prevented by e i t h e r  mai n t a i n i  ng a pressurized b l  anket 
o f  i n e r t  gas (63)  or a layer o f  

0. 3. Vetter (38) as "a secondary deposit o f  mainly inorganic chemical com- 
pounds, caused by the presence o r  f l ow  o f  f l u i d s  i n  a system a t  leas t  p a r t i a l l y  
man-made." The three most predominant forms o f  scale are CaC03, CaS04, and 
BaS04. These scales can cause very serious f low s t r i c t i o n s  i n  pipes or 
equipment a t  any'point  i n  a disposal system. One ipe o r i g i n a l l y  20 cm i n  
diameter, f o r  example, was reduced through severe scal ing t o  a diameter o f  
6 cm. Flow r e s t r i c t i o n s  such as these necessitate higher i n j e c t i o n  pressures, 
cause less o i l  production, and sometimes complete plugging o f  a well. 

on top o f  the brine. 

Scaling i s  another common and very serious problem. Scale i s  defined by 

' 

It i s  
estimated t h a t  $1 b i l l i o n / y r  i s  l o s t  by the o i l /gas indus t ry  i n  the U.S. due 
t o  scale alone. (38) 

To reduce the scale problem, three d i f f e r e n t  problem areas must be con- 
f ronted: predic t ion,  i nh ib i t i on ,  and removal. Current p red ic t ion  methods 
based on thermodynamic k i n e t i c  analyses tend t o  overemphasize the problem. 
system condi t ions are m i l d  - i.e., i f  the temperatures are not too h igh and 
only  a small amount o f  scale i s  being formed by a large volume o f  water - scale 
can be e f f e c t i v e l y  i n h i b i t e d  by adding chkmicals t o  the f l u i d .  
t o r s  become near ly  ine f fec t i ve ,  how 
(35OOF). 
r e c t  l y  analyzi i on  in.advance then applying the appro 
chemical i nh ib  

I f 

Scale i n h i b i -  
r ,  a t  temperatures above 175OC 

Experienced p lant  operators can prevent numerous problems by cor- 

Scale removal techniques f a l l  ies: chemical methods and 
earning should r e a l l y  be consid- 
ca le from w i t h i n  the i n j e c t i  

mechanical d r i l l i n g  or  

ry  expensive and complications can o ur. Mechanical 
methods do not c leawou t  the formation beyond the well-bor and ac tua l l y  tend 
t o  p lug the we l l  by squeezing the d r i l l i n g  cu t t ings  i n t o  the production slots 
or holes. Removal o f  scale from surface p ip ing  can be done i f  the system i s  
designed t o  permit  easy i nse r t i on  and removal o f  the mechanical devices. 

W 
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The d i f f i c u l t y  and success o chemical scale remova depend on the nature 
o f  the scale. The easiest scale t o  remove, calcium carbonate, i s  usua)ly d is -  
solved w i t h  hydrochloric or organic acids. A 5000-gal. ac id  s t imulat ion o f  a 
5000-ft wel l  would cost about $6,000.00, whi le a 10,000-gal. s t imulat ion would 
run  $8,000.00. Chemical gypsum or CaS04 i s  harder t o  remove than calcium 
carbonate and i s  most successful ly taken care o f  w i th  a two-step converter. 
These converters, mai n 1 y propr ie ta ry  compounds conta i n i ng 1 ow-molecu 1 ar  we i g h t  
organic acids, transform the gypsum t o  a s a l t  t h a t  i s  ac id  soluble. This com- , 

pound i s  then mixed w i th  acid, usual ly  hydrochloric, and pumped out  o f  the . 

well .  Barium su l fa te  i s  the most d i f f i c u l t  scale t o  remove because i t  has an 
extremely low d isso lut ion r a t e  when paired wi th  any o f  the known solvents. 
Long d isso lu t ion  times are impract ical  f o r  we l l  st imulat ion.  

Corrosion i s  another serious problem t h a t  confronts disposal-system 
designers and operators. 
oxygen are expecia l ly  corrosive t o  ferrous metals. A l l  o f  the elements t h a t  
cont r ibute t o  serious corrosion o f  o i l - f i e l d  equipment are present i n  the 
salt-water disposal system. Galvanic corrosion can occur when two d iss imi la r  
metals are i n  contact i n  the presence o f  an e lec t ro ly te .  The metal w i t h  the  
lowest reduction po ten t ia l  w i l l  be sacr i f iced as the anode. This type o f  cor- 
rosion i s  found a t  pumps, valves, and f i t t i n g s  f o r  which d i f f e r e n t  metals are 
used. Simi lar  corrosion can occur a t  two d i f f e r e n t  s i t e s  on the same piece o f  
metal i f  one s i t e  has a reduced oxygen concentration. O i l - f i e l d  acids are 
produced by high concentrations o f  carbon dioxide or sul fate sal ts,  which can 

Brines t h a t  contain a s i g n i f i c a n t  amount o f  dissolved 

be very corrosive t o  bare metal surfaces. (69) 

I n  summary, formation plugging can be caused by so l ids  o r  entrained gases 
i n  the i n jec t i on  f l u i d ;  react ions between in jec ted  and i n t e r s t i t i a l  f l u ids ;  
au toreac t iv i t y  o f  waste a t  aqui fer  temperature and pressure; and react ions 
between in jected f l u i d s  and aqui fer  minerals. Plugging can also be caused by 
bacteria, mold, and fungi. (64) 
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Natur 1 clays, such as montmorillonite and vermiculite, swell when they 
come i n  contact w i t h  freshwater When either of these clays is i n  the receiv- 
ing  formation, the swelling will reduce the permeability and may completely 
p lug  the formation. Once a formation is plugged w i t h  swelling clays, i t  takes 
a long time for the zone to  become permeable again.(70) The problem can be 
prevented by checking the formation for clay deposits before injecting f lu ids  
into the well; if clay is present, s a l t  
hydration and subse 

ould be added t o  the water to  retard 
e increase of the clay. 

Environmental be caused by both surface and subsurface d i s -  
posal of brines. Surface problems main1 nclude leakage from collection 
lines; malfunction of pumps m components; poor design of sep- 
arators and set t l ing tanks; spare or emergency systems t o  take over 
i n  the event o f  system malfun ions Subsurf ace problems include contamination 
of underground freshwater aqu ers either by leaks i n  the casing or by some 
kind of channe?ing from the disposal formation i tself  t o  the freshwater zones 
above. These leaks can be caused by corrosion of the injection well tub ing ,  
which enables the injected f l u i d  to enter formations other than the .  intended 
one. These leaks can also be caused by unanticipated fractures that allow for  
channeling between the -formation accepting the injected fluids and formations 
containing freshwater aquifers. Fracturing of the formations can be induced 
if the f f u i d s  are injected under sufficiently h igh  pressure. (71) TO protect 
the freshwater aquifers, surface casing is cemented t o  the formation t o  a depth 
of a t  least 60 m below the lowest freshwater (65) Inside the surface 
casing, there is an injection casing and then tual injection tubing.  The 
potential for underground pol lu t ion  can be reduced by careful geological anal- 
ysis of the receiving formation for vertical .fractures or  leaks t o  higher  

ed wells can become 
view of a l l  existing 

wells i n  the area 

6.13 



W 
Most surface pollution 'problems can be eliminated by proper design o f  the 

An essential design consideration is that of back-up equipment to 
handle the large amount of brine that is released when malfunctions occur or 
when the main well needs cleaning or unplugging. One method o f  providing back- 
up equipment would be to provide three units, 'any two of which could handle 
100 percent of the system's peak capacity. A problem in one line then would 
not affect the operation of the entire system. Properly designed settling 
tanks should be large enough and allow a sufficdent amount time for the 
solids to settle out and prevent plugging and overflowing. Emergency storage 
facilities, pits or tanks, should also be included in the system. These tanks 
must be sized to retain the amount of water that might be lost from the system 
during a severe malfunction at peak flow for the longest possible time. Con- 
struction of a levee around the entire saltwater disposal site, including the 
emergency storage facilities, would provide an added measure of protection. (69) 

costs - 
It is difficult to arrive at a generic cost of brine disposal in the oil 

and gas industry. The variables involved include the extent to which the brine 
must be treated to satisfy compatibility with the receiving formation; the 
permeability, depth, and extent of the receiving formation; whether or not an 
abandoned well is available for injection; and the operating and accounting 
practices of each company. (63) Some key factors that determine the cost of 
treatment systems are: 1) the pH of the waste; 2) the tendency of the brine 
to form precipitates; 3) the size and amounts of dissolved solids; 4) corro- 
siveness. and 5) the physical and chemical characteristics of the forma- 
tion. (65' The single biggest factor that makes an injection system expensive, 
though, is the depth of the well. (63) 

A complete waste-injection system constructed in New Mexico in 1960 cost 
$562,000 while another construction in Amarillo, TX, in 1969 totaled $149,796. 
This divergence illustrates the wide range of capital costs and the importance 
of being site-specific when determining costs. The average cost of drilling 
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and completing and oil well in 1971 was $57.60/m ($17.56/ft) of depth, 
but the actuai figures ranged from $14.00/m in Nebraska to $95.00/m in 
Calif orn i a. (65) 

Operating costs also vary widely, depending somewhat on the volume of 
waste for disposal. For example, a East Texas oil field, where approximately 
8 x 10 2/day (500,000 bbl/day) are in'ected, the operating costs are about . 
12.6 to 18.9 $/1000& (2 to I$/bbl);(2j whereas at Hastings field, where only 
8 x lo6 &/day (50,000 bbl/day are injected, operating costs run closer to 4 
to SQ/bbl . To reduce costs, oil companies have banded to ether and formed 
large disposal companies to handle all waste inj 
cost, in 1971 dollars; project to a cost o 
1976 dollars for a bin (46) If worst-case 
are assumed to be 5$/b 

. . 

7 

(2Q The 2$/bbl 
20 mills per kWh in 

to 50 mills/k 

' When evaluating the costs o f  brine disposal in the oil and gas industry, 
one should consider the possibility of recovering. the minerals dissolved in the 
brine.. These chemicals could help pay for all m part of the disposal costs. 
Recovery of certain minerals, though not economical by itself, can be justified 
as part of the treatment if it makes the brine more easily injected or envir-, 
onmentally safe. It is important to take into account the costs of putting,the 
raw mineral, as it precipitates from the brine, into its marketable form and 

Availability and extent of alternate supplies, political situations, and new 
recovery technologies may alter the economics of mineral recovery from brines. 
Minerals that are currently being produced from sea water or underground brines 
are salt, magnesium metal, lithium, sodium, potassium, calcium, chlorine, bro- 
mine, and iodine. Potable water can'also be considered as a by-product o f  
treated brines 

transporting it to market when evaluating the worth of the brine. (72) 

In 1971, the U.S. Bur Mines Laborator 
Bartlesville Energy Techno1 enter) conducted a 
of brines disposed o f  at 40 facilities. Scienti 
worth, the brine worth, and the brine value of each sample and compared each 

mi ned the maximum 
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' of these values t o  sea water and t o  a br ine t h a t  i s  cur ren t ly  being mined f o r  
mineral recovery. (73) The resu l t s  o f  t h i s  study are shown i n  Tables B . l  
through B.5 i n  Appendix 6. Table B . l  compares the  chemical const i tuents o f  
each o f  the br ines t o  sea water (br ine fl)  and t o  a commercially explo i ted 
br ine  (b r ine  f3). Table B.2 gives the formulas used t o  ca lcu late the value and 
worth o f  each brine. Table 6.3 shows the market values o f  the recovered chem- 
i ca l ,  which were used t o  determine br ine  worth. These values w i l l  change with 
time and may need t o  be re-evaluated. Table 6.4 has sample ca lcu lat ion and 
Table B.5 l i s t s  the  br ine  worths and br ine  values f o r  each o f  the  40 samples. 

It appears t h a t  on ly  br ines #2, #13, #14, 615, #16, and #17 were close i n  
value t o  the commercially explo i ted b r ine  (Smackover) indicat ing,  perhaps, t h a t  
a majorTty o f  disposal br ines are not r i c h  enough i n  minerals t o  j u s t i f y  rec- 
lamation e f fo r ts .  
recovered from the ocean, even though sea water contains lower mineral concen- 
t ra t i ons  than the Smackover formation.) 
been calculated o f  commercial br ine worth versus disposal b r ine  value. The 
Smackover sea water r a t i o  i s  about 20; and the authors suggest t h i s  value as a 
minimum l i m i t  f o r  br ines t h a t  are worth invest igat ing f o r  mineral recovery. 
Two o f  the brines, f30 and f42, r e a l l y  should not be considered br ines a t  a l l ,  
f o r  w i th  a l i t t l e  treatment, both could be used f o r  d r ink ing  water and 
i r r i g a t i o n .  

(On the other hand, some minerals have been economically 

I n  Table B.5, column 4, a r a t i o  has 

6. 2 NON-01 L- I NDUSTRY EXPER I ENCE 

H is to ry  o f  Disposal Methods 

Indus t r i a l  wastes have been t r a d i t i o n a l l y  dumped i n t o  r ivers ,  lakes, and 
streams f o r  disposal. The volumes involved are usual ly  smaller than those i n  
the o i l  industry, but  qu i te  of ten these wastes are more harmful t o  the envir-  
onment. Inland waters, such as Lake Erie, have been po l lu ted  by these actions, 
and, even today, indust ry  i s  paying heavy f i nes  f o r  not conforming t o  p o l l u t i o n  
standards 
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Injection of industrial wastes is an alternative method o f  disposal that 
is relatively new and gaining in popularity. Whereas the oil industry has been 
injecting brine since the early 1920's, as of 1950 there were no injection 
we115 specifically designed to handle industrial wastes. However, by 1972, 
some 200 wells were in operation (Figure 6.3). (74) The proliferation of 
subsurface disposal wells is in part due to the tightening of .restrictions 
governing surface disposal of noxipus and toxic wastes. The emphasis on 
injection will probably continue, as long as a way is not found to make noxious 
wastes suitable for surface disposal 

Types of Wastes and Volumes 
, 

Industrial wastes vary from extremely corrosive pickle liquor produced by 
the steel industry, to incompatible basic wastes, which cause precipitation and 
plugging, to noxious or toxic chemicals, which must be processed in closed 
systems. (65) Volume flows differ from 0.12 R/sec (2 gal/min) for an oily 
disulfide waste from a fractionating unit to as high as 70 !t/sec (1100 gal/min) 
for a basic sodium chloride solution. 

Industrial wastes can be divided into two categories: inorganic and 
organic. Organic industrial wastes are injected into underground formations 
with little or no trouble. Table 6.3 lists the organic wastes most often 
i n jec ted . (65) 

Inorganic industrial wastes can be broken down into acidic, basic, and 
neutral waste classifications (see Table 6.3). (65) Neutral wastes are the 
easiest to contend with, occasionally requiring only filtration. Often, 
though, when dissolved constituents are present, more complicated treatment is 
necessary. Basic inorganic wastes on the other hand, are often incompatible 
with formations and formation brines, causing problems with continual waste 
injection. Acidic inorganic wastes are generally compatible with formation 
brines .and are easily injected. However, they are highly corrosive and hard 
on surface equipment. The corrosion products from these. reactions 6an also 
cause plugging of the formation, as well as leaks and short equipment 
lifetimes. 
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FIGURE 6.3. Growth of Industrial Underground Injection 
Systems i n  the U.S. After 1950 
Source: E. C. Donaldson (Reference 74) 

Present Treatment and Disposal 

The oil  industry has turned almost completely t o  subsurface injection for 
waste disposal, b u t  other industries s t i l l  use treatment and surface disposal. 
Industrial waste volumes are generally lower, and surface disposal of certain 
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TABLE 6.3. Organic Wastes that are Being Injected Into Deep Geologic 
Formations 
Source: E. C. Donaldson (Refefence 65) 

NU. - 
I .  

2. 

3. 

b . 

6 .  

7 .  

8 .  

Y.  

10. 

\I. 

12. 

13. 

14. 

1 I. 

16. 

17. 

18. 

Injec- Injec- 

Description of wute 

Neutral Wastes 
NH C l  (15.000 p p ) ;  NaCl (1,bW ppm); CaSW 

($60 ppp); NaZCr04 (40 ppm); EnC4(5 Ppm); 
urea (4.000 ppn) 

(NH4)2SO4 (327.); NaCI ( I .57J;  nltriler (0.07'.) 
ROD - 10,000 p p ;  pH - 6.7 

9.2504 (800 p p ) ;  NaCl 0 0 0  ppm); NaF (20 ppm) 
SONO] (3  P p ) ;  FeCI] (2 e p ) ;  mSO4 (2 P p ) ;  
tnCl2 (5 p p ) ;  phenold (500 p p ) ;  detergents  
(100 ppn); DOD - 50 ppm; pll 7.9  

3.000 I.meatone - vulrular 

xaZso4 (2,000 ppn); x . 3 ~ ~ ~  (IO pm) ;  FeClj (Ron ppn): 80 1.llO0 Dolml te  - v u w l a r  
XaW3 (100 p p ) ;  NaZCr04 (10 p p ) ;  pH - 7.5 

uacl (1.800 ppn); C~CO,  (&On ppn); HSCI), 1.1IXl tInronselldnted w n d -  9 I2 , k - 2 ,~100  id 
(400 ppn); (Nll4)2$O1, f I ,  W p p ) ;  Iwdrwr: h n i ~ '  
c~,sonppl); p~ - 1.0 

Basic Uabtes 
N ~ O H  (3.07.); Na2S04 (1.0%); ehenola(l.07.); acetone 
(0.27.); pH - 12 

100 300 b.500 Sandstone with beds of sand, &ravel  end c lay .  
0 = 28-321.. k - 200-1.000 nd 

NaOH (7.5%); Na S (1.27.); Na2C03 (2.25); Na2S04 350 400 6,950 Unconrolldated sand-  250' thick 
(0.7%); NaCl (8.3%); Phenols (0 .5%);  nerceptana 
(0 .6%) ;  BOD .I 5,000 p p ;  pH - 9.4 

d.0~ (1.57.); N ~ C O  (5.47.); N ~ C I  (13.17.); a y c e r i n e  150 b.200 Sandstone wfth beds of sat-d, gravel nnd c l d v .  
(5.07,);  epichlorozydrin (4 .6%);  epoxy r e s i n  (1.97.); 
plienol ( 3 . 2 0 ;  acetone (1.6%); pH - 11.2 

0 - 211-32L. k = 200-1,OOO nd 

5,000 Lfmstone- vugular. with sand inclusion i n  some 
areas. 0 - 18%. k - 5 md. 

NakO (395 p p ) ;  NaC1 (9,100 ppl) ;  Caw4 1.100 l.OO0 
, l .& Dm): MS So, (1.500 O W ) ;  w. 
ii,ooO &,jL ai ipi ' f  ;cia ( 1 ; s ~ )  ppd; 
aolubla o r san ic s  (1,000 ppm); pH - 8.5.  
Vast. HC1 (6.0%) and HNO] (4'07.) are added 
a t  the ln j ec t ion  pump manifold. 

XaOH (4.0%); NaF (2.8%) 50 150 4,100 Unconsolidated sand 

NaOH (5.000 p p ) ;  NaCl (32,000 p p ) ;  hydrocarb 7.200 Vnsonaolldated sa ining shale  and clay 0 - 21. 
unaaturated (1,500 ppm); BOD - 3,000: PH - 10 

t h  shale  .1,500' thick. 
04 (150 P P X  & ~ c c c  ac id  

hears 
in 

npera- 
1 ion - 

I 

3 

H 

I, 

, 

2 

3 

2 

100 50 4,200 Unconsolidated sand, containing clay and ahale ,  k - 1,500 d, 1 - 32%. k * 1,500 nd 
HC1 (3.1%); hC12 (1.870; FeClj (1.5%); PH - 2 

(%)2S04 (0.2%); HzS04 (0.2%); HN (M W); 350 100 4,500 Unconsolidated sand 800' thick,  0 - 32, k - 1,500 md 2 
organic ac ids  (50 ppn); N i t r i l a s  800 ppm). 
pH - 2.5 

30 3 SsC1 (9.3%); Na-504 (27.7%); HzSO4 (7 .8%);  HC1 
(4.9%); H20 
paroxides (3.3%); alcohol# (1.9%); k t o n e a  (1.11) 

(T .7%);  Organic ac ids  (4.7%); Orylnic 

1 50 0 2,300 Sandrto 12%, k 100 md 6 HC1 (1.1%); PeC12 (23.4%) 

H2W4 (8.5%): FeSo4 (13.0%) 1 50 6 

12 HC1 (12.0%); H;S04 (2.0%): NaC1 (101); acetic 200 
acid (2.0%); chloroecet ic  ac id  (1.0%); 
ch lo r ina t e  hydrocarbon. (0.5%) 
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mildly toxic wastes can be more economical than deep formation injection. 
Subsurface injection, however, is becoming more popular as the environmental 
restrictions concerning surface disposal of noxious or toxic chemicals become 
more strict. Certain controls prohibit dumping on the basis of chemical 
content, temperature, and biological ‘compatibility. 

The equipment used to inject industrial wastes into subsurface reservoirs 
(see figure 6.4) is the same as the injection equipment used by most oil com- 
panies. 
specific industrial-waste types.) The sedimentation and flocculation basins 
used are the same--usually cement or lined ponds with baffles and rakes--fol- 
lowed by an effective filtration system. Many types of chemical feeders are 
available to distribute the necessary chemicals. The wastes are then stored 
in a tank with a level sensing device to prevent cavitation of the pump. Pump 
and well designs are the same for industrial wastes as for oil-field 

(Sometimes the machinery may be slightly modified to accommodate 

brine. (74) 

y Sedimentation r Clrar wasto r Filter 

\ ‘Trrotrr 

I / 
Treater 

FIGURE 6.4. Surface Equipment Used in Subsurface Waste-Injection Systems 
Source: E. C. Donaldson (Reference 74) 
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Problems 

Subsurface disposal wells i n  both geothermal and o i l  indust ry  sectors are 
prone t o  plugging and erosion caused by precipitat-hn, t o  scal ing, corrosion, 
and t o  formation plugging due t o  i n e f f i c i e n t  f i l t e r i n g  o f  waste waters. 
p r e c i p i t a t i o n  i s  caused by oxidation, the problem can be solved by using a 
closed system. 
cool ing down or  by a chemical react ion,  some k ind  o f  chemical treatment may be 
necessary t o  keep the const i tuents i n  solut ion.  Scal ing and corrosion can be 
combated w i t h  i nh ib i t o rs ,  corrosion-resistant tubing, cathodic protect ion,  and 
various coat i  ngs . 

If the 

If, on the other hand, p rec ip i t a t i on  i s  caused by the waste 

I n  add i t ion  t o  these major i n j e c t i o n  problems, some i n d u s t r i a l  wastes have 
special  problems o f  t h e i r  own. The basic wastes tend t o  p rec ip i t a te  s a l t s  and 
hydroxides upon mixing w i th  formation brines. 
present, they may polymerize and p lug the formation pores, also. D i l u t e  
neutra l  wastesacan reac t  w i th  ce r ta in  c lays such as montmori l loni te or i l l i t e ,  
causing them t o  swell  and lose permeabil ity. 
extremely incompatible, it i s  necessary t o  i n j e c t  a large volume o f  some non- 
reac t ive  f l u i d  i n t o  the wel l  before i n j e c t i n g  the waste. Mixing w i l l  s t i l l  
occur between the in jec ted  waste and the formation brine, but should occur f a r  
enough away from the we l l  bore t o  prevent plugging. High ly  ac id ic  wastes can 
corrode surface equipment and create inso lub le corrosion residue t h a t  can plug 
the  formation. Once the corrosion problem i s  solved, however, the ac id i c  

If r e s i n - l i k e  mater ia ls  are 

Sometimes, when the waste i s  

wastes i n j e c t  qu i te  (65) 

Many o f  the org d u s t r i  a1 wastes c in jec ted  w i th  l i t t l e  
or  no problem. However, those wastes containing aldehydes, phenols, and 
n i t r i l e s  have a tende t o  form water-soluble gum a t  the formation face. This 
gum can sometimes be oved by ac id i r ing ,  bu t  i t  may also be necessary t o  ream 
or  r e d r i l l  the well .  As w i th  the inorganic wastes, there are also a few 
organic wastes t h a t  are too noxious o r  t o x i c  f o r  surface disposal and must be 
disposed i n  a closed system. (65 1 
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c o s t s  

The costs f o r  i ndus t r i a l  waste disposal are as var ied as the types o f  
waste and the methods o f  disposal. It i s  impossible t o  try and general ize any 
kind o f  cost schedule f o r  these systems. They range from $30,000 ( i n  1971 
do l la rs )  f o r  a system wi th  no pretreatment t o  $1,400,000 f o r  a system w i t h  
extensive pretreatment and a 3700-m deep well .  (65) 

Few data on the costs o f  surface treatment are avai lable. I n  general, 
depending on the nature o f  the waste and formation, the surface disposal sys- . 

tems tend t o  o f f e r  a lower i n i t i a l  cap i ta l  investment but a higher operating 
cost . 

Costs o f  waste i n jec t i on  systems depend on the depth o f  the well, the 
tendency o f  the br ine  t o  form precipi tates,  the s ize and amount o f  dissolved 
sol ids, the pH factor,  the corrosiveness, the charac ter is t i cs  o f  the formation, 
and the volume o f  the br ine  t o  be disposed. Donaldson has provided a very 
general and rough estimation o f  i n jec t i on  wel l  costs: (65) 

. 
Dimensions, meters: 

Depth o f  well  
Length o f  surface casing (26.7 cm) 
Length o f  i n jec t i on  casing (17.8 cm) 
Length o f  i n j e c t i o n  tubing (7.6 cm) 

Cost, do l lars :  

D r i  1 1 i ng, completion costs 
Tests 
Engineer i ng 
Surf ace equipment 

Total  

915 
100 
915 
915 

$ 50,000 
10,000 i 

20,000 
120,000 
$200,000 
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6.3 COMPARISON OF INDUSTRIAL WASTE DISPOSAL TECHNIQUES AND THEIR APPLICATION 
TO GEOTHERMAL LIQUID WASTE DISPOSAL: PRELIMINARY ASSESSMENT 

Not all industrial brine disposal experience is applicable to the geo- 
thermal field. In many respects, however, the similarities in techniques and 
systems designs make inter-industry comparisons worthwhile. 

Geothermal .liquid wastes are generally very similar to those produced 
during oil resource extraction, though sometimes the dissolved solid content 
and the temperature of the geothermal wastes are substantially higher. Geo- 
thermal brines are injected into formations similar to those used by the oil 
industry, so that some of the geological and hydrological knowledge about dis- 
posal formations can be transferred. Problems experienced in the industrial 
and oil -company sectors should be anticipated by geothermal disposal personnel . 
Undoubtedly, there will be compatibility problems with formation and formation 
waters, problems of plugging, precipitation upon cooling or oxidation, and 
problems of corrosion and 
one geothermal brine injection well; the lone success was credited to a well 
whose operation was monitored for less than the customary life cycle of most 
wells. 

The major difference between the oil industry and the geothermal-energy 

aling. Well plugging problems have plagued all but 

industry is disposal programs is attitundinal. 
disposal industry, it is assumed that the brine must be treated (sometimes 
quite extensively) before injection, whereas in the geothermal-energy commu- 
nity, the policy seems to be one of little or no treatment. Bx virtue o f  its 
experience in the disposal field, the oil industry has learned that injection 
of untreated brines is seldom, if every successful over an extended period of 
time. 

In the oil-field brine- 

Two of the most important differences between the oil-field brine-disposal 
systems and those proposed for geothermal use are the volume and rate of fluids 
that must be disposed. The East Texas Salt Water Disposal Company'injects at 
the average rate of 1 x 10 &/day per well. Even with these low rates, the 6 

'W 
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o i l  f i e l d  i n jec t i on  wel ls  requi re  per iod ic  treatments w i th  acid t o  maintain 
wel l  flow. The East Mesa system proposed above r e s u l t s  i n  an i n j e c t i o n  f l o w  
o f  approximately 6 x 10 l i t e rs /day  per wel l  for  untreated brine. The 
Salton Sea systems r e s u l t  i n  2 x 10 l i t e rs /day  per wel l  f o r  untreated br ine  

(25) It may be 7 and 1.4 x 10 l i t e rs /day  per w e l l  f o r  t reated brines. 
possible t o  desSgn a wel l  t o  handle t h a t  r a t e  o f  f l ow  f o r  long periods, but  
the problems o f  formation plugging, scaling, and corrosion can be expected t o  , 

escalate w i th  the volume unless the formation permeabi l i ty  i s  high. 

6 
6 

\ 

Another d i f ference between o i l - f i e l d  and geothermal i n j e c t i o n  i s  the 
temperature o f  the in jec ted  br ine.  
t reated and stored long enough so t h a t  i t  reaches ambient a i r  temperature 
before i t  i s  in jected. Geothermal f l u i d s ,  on the other hand, tend t o  be 
in jected i n t o  the formation a t  much higher temperatures. This can be e i the r  
an advantage or  a disadvantage f o r  geothermal disposal. A t  h igher tempera- 
tures, ce r ta in  types o f  scale and prec ip i ta tes  (BaS04) are more soluble whi le  
others (CaS04) are less soluble. Ind iv idua l  assessment o f  the impacts o f  the 
higher temperature w i l l  have t o  be done f o r  each loca t ion  and b r ine  chemistry. 

I n  conclusion, the o i l  f i e l d  experiences ind icates tha t  clean-up system 
w i l l  be required t o  f a c i l i t a t e  i n j e c t i o n  o f  h igh s a l i n i t y  (7725,000 ppm TDS) 
geothermal l iqu ids .  Exceptions may be made if the receiv ing formation i s  
h igh l y  f ractured. 

I n  the o i l  f i e l d s ,  the b r ine  i s  handled, 

. 
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I S  Ii3 
7.0 LEGAL AND INSTITUTIONAL ASPECTS OF GEOTHERMAL WASTE DISPOSAL 

The objective of this section is to identify existing and proposed laws 
and regulations that govern geothermal waste disposal. A complete discussion 
of all applicable federal and state laws and regulations would be impractical 
here, but an overview of the basic rules and their gaps, overlaps, and contra- 
dictions will illustrate the complexity of the current situation. This section 
consists of three parts: 
state regulations and 3) conclusions. 

1) a review of federal regulations, 2) a review of 

Legislation and regulation for all phases of the geothermal industry have 
often been adopted from legal precedents established for other resources such 

takes into account the unique properties of each resource. A recent publica- 
tion by Weinstein et al. supports 
u 1 at i on of geot herm 
related to the natu 
appropriate to its development." 

7 . 1 FEDERAL GOVERNMENT REGULATIONS 

er, minerals, oil and gas. The most effective legislation, however, 

s premise: 
ent should be logically and explicitly 

rce and the institutional arrangements most 

"The legal. structure f o r  ceg- 

into navigable waters is regulated by the 
Federal Water Pollution Control Act (FWPCA) , as amended y'the Clean Water Act 
of 1977. (77) Surface disposal is controlled through th enforcement of 
effluent limitations,)which are written into individual i scharge permi ts. 
These effluent guidelines are pr ulgated by the Environmental Protection 
Agency (EPA) 
an approved Pollution Discharge Elimination System (NPDES) . The basic 
objective of the 
biological integrity o f  the Nation's waters." To achieve this objective, the 
following goals are cited: 

nd permits are issued either by the EPA or by states that have 

is "to restore and maintain the chemical, physical, and 

1. It is the national goal that the discharge o f  pollutants into navigable 
waters be eliminated by 1985. 
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2. It i s  the nat ional  goal that ,  wherever at ta inable,  an i n te r im  goal o f  
water qua l i t y ,  which provides f o r  the pro tec t ion  and prop 
she l l f i sh ,  and w i l d l i f e  and provides f o r  recreat ion i n  and on the water, 

t i o n  o f  f i sh ,  

. be achieved by Ju ly  1, 1983. 

3. It i s  the nat ional  p o l i c y  tha t  the discharge o f  t o x i c  po l lu tan ts  i n  t o x i c  
amounts be prohibi ted.  

Even though the Act does not s p e c i f i c a l l y  address the disposal o f  geo- 
. 

thermal e f f luents ,  it re fe rs  t o  planning f o r  the cont ro l  o f  s a l t  water i n t r u -  
s ion i n t o  surface water-bodies and cont ro l  o f  po l l u tan t  disposal on land and 
i n  subsurface excavations i n  order t o  p ro tec t  the q u a l i t y  o f  ground and surface 
waters. Any us'er o f  geothermal waters who wishes t o  perform e f f l u e n t  disposal 
i n  these ways must s t i l l  acquire an NPDES permit  f o r  point-source discharges. 
Regulation o f  these discharges w i l l  be handled e i t h e r  by the s ta te  or  the EPA, 
and guidelines or l im i ta t i ons  w i l l  be establ ished based on the "best engineer- 
i ng  judgement. 
o f  the geothermal e f f l uen ts  and the impl icat ions i n  the Act po in t  t o  deep 
i n j e c t i o n  as the most acceptable technique. A f te r  1985, when the planned 
zero-discharge goal i s  real ized, i n j e c t i o n  may be the only  v iab le  method f o r  
large-scale developments. 

' For most large-scale disposal programs, the character 

Part  C o f  the Safe Dr inking Water Act (42 USC 300 h) ins t ruc ted  EPA t o  
develop minimum requirements f o r  s ta te  programs t o  p ro tec t  underground d r ink ing  
water sources from contamination by underground in jec t ion .  (79) EPA f i r s t  
issued proposed regulat ions f o r  t h i s  purpose on August 31, 1976 (41 FR 
36730). (80) 
( A p r i l  20, 1979; 44 FR 23738.) (81) These ru les  es tab l i sh  the technical  c r i -  
t e r i a  and standards t o  be used i n  implementing the underground i n j e c t i o n  con- 
t r o l  ( U I C )  programs. 
be required t o  develop and implement programs t o  comply with the minimum 
requirements established by the EPA. 
t i ons  and/or noncompli ance o f  the s ta te 's  .programs, implementation should occur 
i n  the spr ing o f  1981. 

I n  response t o  pub l i c  comments, EPA has issued new regulat ions 

Once the U I C  regulat ions are-promulgated, the s tates w i l l  

For most states, bar r ing  any complica- 
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Geothermal energy prod ion and the disposa othermal wastes w i l l  
be af fected by the proposed gulat ions. The par ar permi tt i ng and sub- 
s tan t ive  standards tha t  apply depend on the class 

he regulat ions es tab l i sh  f i v e  classes o f  i n j e c t i  
cat ions depend p a r t l y  on the re la t i onsh ip  o f  the wel l  t o  an underground 

dr ink ing  water source, the d e f i n i t i o n  o f  such sources i s  important. According 
t o  the proposed regulations, a "sourcei1 includes a l l  aqui fers t h a t  cu r ren t l y  
provide dr ink ing  water or t h a t  contain fewer than 10,000 p a r t  per m i l l i o n  o f  
t o t a l  dissolved sol ids.  
require, states t o  exclude por t ions o f  aquifers t h a t  produce geothermal energy. 

ed t o  supply 

The Safe Dr inking Water Act allows, but  does not  

a te may a lso exclude aqui fers tha t  cannot be reasonably e 
d r ink ing  water (Proposed 40 CFR 146.04, 44 FR 23758). (81 1 

The EPA has d iv ided i n j e c t i o n  wel l  pract ices i n t o  f i v e  d i f f e r e n t  cata- 
gories, o f  which geothermal wel ls  are destgnated Class 111: (81 1 

s I11 includes a l l  special process i n j e c t i o n  wells, fo r  example, 
e involved i n  the so lu t ion  mining o f  minerals, i n  s i t u  gas i f i ca-  

t i o n  o f  o i l  shale, coal, etc., and the recovery o f  geothermal energy. 

To operate a new Class I11 well ,  a pa r t y  must obta in  a permit  p r i o r  t o  startup; 
and o l d  wells,must be c e r t i f i e d  w i t h i n  5 years of the e ec t ive  date o f  the 
Underground I n j e c t i o n  Control program. Class I11 i n j e c t i o n  we l ls  t ha t  pass 
through a s u r f i c i a  
t o  p ro tec t  the aqu 

d cementing standards designed 

han ica l l y  sound. i s  substantia- 

thermal f i e l d  co 
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The Geothermal Supervisor, a representative o f  the Secretary o f  the  
In te r i o r ,  has the au thor i ty  t o  "prescribe ru les  and regulat ions" on operations 
conducted under a geothermal lease granted pursuant t o  the Geothermal Steam 
Act. This au thor i ty  i s  granted under 30 CFR Part  270 o f  T i t l e  30 - Mineral 
Resources. The essence o f  these regulat ions w i t h  respect t o  waste disposal can' 
be sumarized i n  the fo l low ing  three quotations: 

30 CFR, Par t  270.30 (b). 
t i ons  t o  prevent: 1) waste; 2) damage t o  any natura l  resource . . .; 3) 
i n j u r y  or  damage t o  persons, rea l  or  personal property; and 4) any envir-  
onmental p o l l u t i o n  or  damage." 

30 CFT, Par t  270.35. "Af ter  completion o f  a l l  operations authorized under 
any previously approved not ice or  plan, the lessee sha l l  not  . . . use 
any informat ion or  wel l  for  br ine or  f l u i d  i n j e c t i o n  u n t i l  he has submit- 
ted t o  the Supervisor i n  w r i t i n g  a new plan o f  operations and has received 
w r i t t e n  approval from him." 

With respect t o  po l lu t ion ,  30 CFR, Part  270.41 states: "Plans f o r  d is-  
posal o f  wel l  e f f l uen ts  must take i n t o  account e f fects  on surface and 
subsurface waters, plants, f i s h  and w i l d l i f e  and t h e i r  habitats, atmo- 
sphere, or  any other e f fec ts  which may cause or cont r ibu te  t o  po l lu t ion ,  
and such plans must be approved by the Supervisor . . .I1 

"The lessee sha l l  take a l l  reasonable precau- 

Geothermal Resources Operational Orders 1-7 w i l l  be car r ied  out  by the 
U. S. Geological Survey. These Geothermal Resources Operational Orders (GRO) 
under the author izat ion o f  30 CFR, Part  270 are t i t l e d  as fol lows: 

GRO Order 1 : Exploratory Operations 
2: D r i l l i n g ,  Completion and Spacing o f  Geothermal Wells 
3: Plugging and Abandonment o f  Wells 
4: General Environmental Protect ion Requirements 
5: Plans o f  Operation, Permits, Reports, Records and Forms 

(Proposed) 
6: Pipel ines and Surface Production F a c i l i t i e s  
7: Production and Royalty Measurement Equipment and Test ing 

Procedures 

GRO Orders 1-3 do not  per ta in  t o  l i q u i d  waste disposal. 

GRO Order 4 states the requirements t o  maintain aesthetics, con t ro l  land use 
and reclamation, maintain pub l i c  access, protect  recreat ional  values, maintain 
slope s t a b i l i t y  and contro l  erosion, p ro tec t  b iota,  and preserve c u l t u r a l  
resources. These categories are addressed i n  a nonspeci f ic  sense, and l i q u i d  
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waste disposal i s  not mentioned. 
t r o l  o f  subsidence and seismicity. "If subsidence i s  determined . . . t o  pre- 
sent a s ign i f i can t  hazard t o  operations or adjoining land use, . . . increased 
i n j e c t i o n  o f  waste or other f l u i d s "  may be required. This requirement may a lso 
be placed on the lessee i f seismic i ty  i s  determined t o  be hazardous. 
9.A. (1) s p e c i f i c a l l y  addresses p o l l u t i o n  contro l  from l i q u i d  disposal. 

"L iquid wel l  e f f l uen t  the l i q u i d  residue thereof containing substances, 
inc lud ing heat, which may be harmful or  i n ju r i ous  and cannot otherwise be 
disposed o f  i n  conformance w i th  Federal, state, ^and regional standards, 
sha l l  be in jec ted  i n t o  the geothermal resource zone or such other forma- 
t i o n  as i s  approved by the Supervisor. Toxic d r i l l i n g  f l u i d s  sha l l  be 
disposed o f  i n  a manner approved by the Supervisor and i n  conformance w i t h  
appl icable Federal, state, and regional  standards." 

Section 8 o f  GRO Order 4 addresses the con- 

Section 

Section 9.A. (4) o f  Order 4 regulates the use o f  p i t s  and sumps, requ i r ing  the  
use o f  impervious l i n e r s  and the purging o f  harmful mater ia ls p r i o r  t o  back- 
f i l l i n g  a f t e r  useful  l i f e  i s  ended. Section 9.C ) - (5 )  i n  GRO Order 4 
speci f ies tha t  the permitee must supply the f o l l  ng mater ia ls  i f  i n j e c t i o n  
wel ls .are t o  be used: 

(1) Plan o f  I n jec t i on  
(2) Monthly I n j e c t i o n  Report 
(3)  Periodic Inspection I 

(4) Appl icat ion f o r  New I n j e c t i o n  Wells 
(5 )  We1 1 Conversion Requirements 

I f  l i q u i d  waste disposal 0 th 

ground waters o f  the area 

natural  water systems ( tak ing  i n t o  ac 
q u a l i t y  o f  surface and ground waters) 

or the proposed method o f  mainta in in  
the natural  water systems 

(d) A proposed method o f  maintaining separation of waste from the 

(e) A ca lcu la t ion  o f  the permeabi l i ty  o f  the proposed i 

he prox imi ty  and 

n o f  waste from 
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(f) A proposal f o r  the treatment o f  waste l i qu ids  
(9) A plan for monitoring and keeping records. 

If i n j e c t i o n  i s  the proposed disposal method, the Plan o f  I n jec t i on  mentioned 
i n  GRO Order 4, Section 9.C. (1) i s  expanded i n  GRO Order 5, Section 1.F. (1) 
- (9), t o  include the fo l low ing  requirements: 

a map o f  the area 
a l i s t i n g  o f  the i n j e c t i o n  f l u i d  charac ter is t i cs  
disposal zone character is t ics  
subsurface maps and cross sections 
avai lable logs or h i s to r i es  o f  area wel ls 
descr ip t ion o f  a representative i n jec t i on  wel l  d r i l l i n g  program 
proposed downhole and su r f  ace i n j e c t i o n  equipment 
proposed i n j e c t i v i t y  surveys 
a study o f  hydrology o f  the area. 

t 

GRO Order 6 involves design and construct ion requirements f o r  p ipe l ine  and 
surface f a c i l i t i e s .  Under general design, t h i s  Order regulates the protect ion 
o f  p ipe l ines from thermal expansion, specif ies anchoring requirements, and 
speci f ies design requirements f o r  two-phase flow. 
Devices, t h i s  Order speci f ies i n jec t i on  wel l  design f o r  maximum i n j e c t i o n  
pressures and methods f o r  sensing and contro l  o f  i n j e c t i o n  pressures. 

Under Safety Control 

GRO Order 7 speci f ies tha t  a waste heat measurement t o  w i th in  2 percent must 
be recorded f o r  roya l t y  metering. 

. 

design o f  waste disposal systems and the protect ion o f  the environment. 
Detai led requirements f o r  plans, reports, inspections, and approved mechanisms 
are not included. Considerable l a t i t u d e  ex i s t s  because of the general nature 
of the requirements and the Geothermal Supervisor's freedom t o  determine 
courses o f  operation. The spec i f i c  nature of systems design and the enforce- 
ment o f  environmental protect ions are somewhat subject t o  supervisory 
d i scret  i on . 

I n  sum, the GRO Orders consist  o f  ra ther  general requirements f o r  the 
Y 

Another law tha t  could p o t e n t i a l l y  a f f e c t  the disposal o f  geothermal 
wastes i s  the Resource Conservation and Recovery Act o f  1976 (RCRA), 
PL94-580. (82) RCRA subs tan t ia l l y  amends and completely replace& the 
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previous language of the Solid-Waste D i s  
define hazardous waste and t o  p u b l i s h  standards so that wastes defined as haz- 
ardous can be disposed of, treated, or stored a t  the place of generation or a t  
an off-site f ac i l i t y  i n  a manner t o  protect public health and the environment. 
Ti t le  I1 (Solid Waste Disposal) o f  RCRA provides staFutory authority for the 
EPA to develop hazardous waste g elines and regulations. To f ac i l i t a t e  the 
requirments of RCRA, the Environmenta 

Rev i si ons to the proposed uidelines and regulations 
by the EPA and should be completed i n  1980. 

a1 Act. The law requires EPA to 

Agency proposed ha 
waste guidelines and regulations on D 978 (43 FR 58946). (83) 

currently being made 
I 

The main objective of the hazardous waste man program is to insure 
that hazardous wastes are identified and competently controlled from the point 
of their generation, during their  transportation and t o  their  ultimate dis- 
position a t  a permitted treatment, storage, or disposal faci l i ty .  The app,li- 
cability of these regulations to  both temporary disposal of geothermal wastes 
i n  ponds and permanent disposal of  wastes a t  the geothermal power-plant site 
depends on the identification of geothermal wastes as a hazardous substance. 
The most ivportant aspects of the hazardous waste management program are 
i dent if i cat i on and i nclusi on hazardous waste 
Responsibility to  identify dous wastes and proper control of the 
waste is assumed he generator of t wdste. Wastes are defined to be haz- 

he EPA-establ i she criteria of i g n i t a b i l i t y ,  corrosivity, 

chemical content and hazardous nature of 

ontrol system. 

1 

infectiousness, phytotoxicity or terato- 

t o  site, specific wastes from 
e their  hazardous qualities. f ac i l i t i e s  must be t e  

t e s t  procedures are gulations. The operation of *a 
geothermal power pl 
Part 250 Subparts B, D and E of the proposed regulations. (83) These subparts 
establish standards appl 
and operators of hazard0 waste treatmen and disposal faci l i t ies .  

uires compliance w i t h  40 CFR 

ble to generators of hazardous wastes and ’to owners 
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These standards s p e c i f i c a l l y  set  requirements f o r  record keeping report ing,  
s i t e  loca t ion  and design, operating methods, contingency plans, con t inu i t y  o f  
operations, personnel t ra in ing,  f inanci  a1 respons ib i l i t y ,  monitoring, inspec- 
t ion,  and compliance w i th  a manifest and permit systems. 

af fected by the Toxic Subtances Control Act. (84) This act, which w i l l  be 
implemented by the EPA, gives the federal government blanket au thor i ty  t o  reg- 
u la te  any substance tha t  may present an unreasonable r i s k  o f  i n j u r y  t o  the 
heal th o r  the environment. The wording o f  the law impl ies t h a t  con t ro ls  are 
desired over the manufacture, processing, d i s t r i b u t i o n  i n  commerce, use, and 
disposal o f  many chemical substances and mixtures. Possibly, the cont ro ls  w i l l  
be aimed a t  manufactured chemicals ra ther  than substances produced from geo- 
thermal reservo i rs  (except those t h a t  are commercially produced). The def i n i -  
t i ons  are not only unclear, but  there also ex is ts  a potentM1 f o r  c o n f l i c t i n g  
l e g i s l a t i o n  among the Toxic Substances Control Act, the  FWPCA Amendments, t he  
SDWA, and the Conservation and Recovery Act. 

It i s  too ea r l y  t o  discern whether the geothermal indust ry  w i l l  be 

If geothermal disposal gets 
entangled i n  t h i s  web o f  overlapping j u r i sd i c t i on ,  delays i n  obta in ing permits 
w i l l  i nev i tab l y  resu l t .  

One f i n a l  act  on the federa l  leve l  w i l l  a f f e c t  the disposal o f  geothermal 
e f f luents .  The Geothermal Steam Act states i n  Section 9: 

I f the production, use or conversion o f  geothermal steam i s  susceptible 
o f  producing a valuable byproduct or  byproducts, inc lud ing commercially demin- 
e ra l i zed  water f o r  benef ic ia l  uses i n  accordance w i th  appl icable s ta te  water 
laws, the Secretary ( o f  the I n t e r i o r )  sha l l  requi re  substant ia l  benef ic ia l  
production or use thereof unless, i n  ind iv idua l  circumstances, he modif ies or  
waives t h i s  requirement i n  the i n te res t  o f  conservation o f  natura l  resources 
or  f o r  other reasons !sat isfactory t o  him. However, the production o r  use o f  
such byproducts sha1;l be subject t o  the r i g h t s  o f  the holder o f  p reex is t ing  
leas s claims or permits covering the same land or  the same minerals, i f  

One addi t ional  section o f  the Steam Act may a f f e c t  the disposal o f  geo- 

any. 785 1 

thermal e f f luents .  Section 23 states t h a t  the lessee, i n  a l l  stages o f  
geothermal development, should "use a1 1 reasonable precautions t o  prevent waste 
o f  geothermal steam and associated geothermal rhqources .Ii Eventual impact o f  
Section 23 on e f f l u e n t  disposal i s  unknown. 
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I n  summary, the laws passed by the Congress tha t  a f f e c t  geothermal d is -  

posal have concentrated mostly on pro tec t ing  the environment and not so much 
on promoting geothermal development per se. Moreover, the lack o f  d e f i n i t i o n  
i n  e x i s t i n g  regulations, the complex requirements f o r  permits, and the poten- 
t i a l  for  overlapping j u r i s d i c t i o n  w i l l  continue t o  hamper the development and 
u t i l i z a t i o n  o f  geothermal energy. 

The organi taton most involved i n  the regulat ion o f  geothermal e f f l u e n t  
disposal i s  the EPA, which has been charged w i t h  r e s p o n s i b i l i t y  o f  administer- 
i n g  FWPCA, the SDWA,-the Resource Conservation and Recovery Act, and the Toxic 
Substances Control Act. Permits issued f o r  disposal a c t i v i t i e s  and the 
enforcement o f  regulat ions are taken care o f  e i t he r  by the EPA o r  by those 
states t h a t  have EPA-approved plans. 

The EPA i s  p lanning t o  issue a ser ies o f  documents leading t o  the estab- 
1 ishment o f  regulatory  standards f o r  the geothermal industry.  
approach has the fo l low ing  objectives: 

EPA's regulatory  

(a)  t o  es tab l i sh  point-source emission and discharge l i m i t a t i o n s  f o r  ' 

a1 1 environmental l y  damaging const i tuents  

(b) t o  provide guidel ines on ant ic ipated l i m i t a t i o n s  t o  development 

(c )  t o  minimize environmental const ra in ts  caused by uncer ta in t ies  
i n  emission and discharge requirements 

(d) t o  evaluate i nf ormat i on on guidance throughout precommerci a1 - 
i t a t i o n  stages 

(e) t o  regulate p o l l u t i o n  through permit systems. 

Other agencies involved i n  disposal are the Bureau o f  Land Management and 
the U.S. Forest Service. The Bureau o f  Land Management i s  the admin is t ra t ive 
agency fo r  lands owned by the federa l  overnment, and the U.S. Forest Service 
administers nat ional  f o res t  lands. These agencies may issue permits for  d is -  
posal, but  any act ion taken i s  subject  t o  compliance w i t h  s ta te  and federa l  
water q u a l i t y  requirements. With respect t o  environmental matters, i t  i s  

, 
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expected t h a t  the EPA w i l l  maintain regulatory powers, but  it i s  unclear 
whether o r  not the Department o f  I n t e r i o r  w i l l  assume general supervisory 
powers over the broader aspects o f  geothermal disposal. 

The Department o f  Energy (DOE) w i l l  a lso p lay  a r o l e  i n  geothermal energy 
development. Although not a regulatory agency, DOE promotes favorable p o l i c i e s  

, f o r  the development o f  geothermal resources, assists i n  planning f o r  f u t u r e  
explorat ion and developmenti, and +supports research a c t i v i t i e s  aimed a t  so lv ing 
both technical and i n s t i t u t i o n a l  ba r r i e rs  t o  rap id  geothermal development. 

7.2 STATE REGULATIONS 

7.2.1 Cal i f o r n i  a 

The s tate o f  C a l i f o r n i a  possesses the only  e l e c t r i c a l  generating piwer 
p lants  t h a t  use geothermal energy i n  the U.S. 
other areas w i t h i n  the s tate indicates t h a t  C a l i f o r n i a  may have the nat ion 's  
largest  po ten t i a l  supply o f  geothermal energy. As a resu l f ,  the leve l  o f  reg- 
ulat-ion and l e g i s l a t i o n  o f  geothermal a c t i v i t i e s  i s  more advanced i n  t h i s  s ta te  
than i n  any other. 

I n  addit ion, explorat ion of 

The Geothermal Resources Act o f  1967 i d e n t i f i e s  the means by which state- 
owned lands can be leased from the State Lands Commission f o r  geothermal 
deve 1 opmen t . (86) The a c t i v i t i e s  tha t  take place a f t e r  the lease i s  secured 
are governed by T i t l e  14 o f  the C a l i f o r n i a  Administrat ive Code. (87) Chapter 
4 o f  the Natural Resources Section o f  .the Code deals w i t h  the r u l e s  and regu- 
l a t i o n s  governing o i l  and gas operations w i t h i n  the state, t o  be administered 
by the D iv i s ion  o f  O i l  and Gas w i t h i n  the Department o f  Conservation. 
chapter 4 contains the state-wide geothermal regulat ions. 
o f  t h i s  subchapter deal w i th  geothermal disposal as it re la tes  t o  i n j e c t i o n  o f  
e f f l uen ts  back i n t o  the geothermal formation. 

Sub- 
Numerous sections 

According t o  Section 1931.2, the geothermal operator i s  required t o  g ive 
not ice and receive approval t o  convert an e x i s t i n g  wel l  i n t o  an i n j e c t i o n  
well .  Sections 1935, 1935.2, and 1935.4 establ ish casing requirements f o r  
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geot hermal WE s. Under these regu . a t  i ons , operat r e  required t o  f i l e  
monthly i n j e c t i o n  repor ts  i n  accordance w i th  Section 1937.1(3). A r t i c l e  6 
(Section 1960-1967) deals s p e c i f i c a l l y  with in jec t ion ,  and regulates the 
approval o f  projects,  surve i l lance o f  the wells, i n j e c t i o n  report ing,  and the 
abandonment o f  the i n j e c t i o n  wel l .  

The environmental aspects o f  the disposal o f  geothermal e f f l uen ts  are 
\ 

present ly  regul  a 
the Porter-Colog Water Q u a l i t y  Con 1 Act o f  Ju ly  1976. (88) This Act was 
passed i n  conjunction w i t h  the Federal Water Po l l u t i on  
o f  1972. Chapter 1 o f  t h i s  t declares t h a t  r e g u l a t i  er  the "conserva- 
t i on ,  cont ro l ,  and u t i l i z a t i  
maintained t o  " a t t a i n  the highe 

by the State Water Resourc 01 Board, establ ished i n  

r o l  Act Amendments 

e water resources o f  the s tate"  w i l l  be 
t e r  q u a l i t y  which i s  reasonable, consider- 

11 demands being made and t o  be made on those waters. . .I8 With respect 
s te  discharge requirements, Chapter 4 s tates tha t  "any person discharging 

I 

waste o r  proposing t o  discharge waste wih in  any region t h a t  could a f f e c t  the  
q u a l i t y  o f  the waters o f  the s tate sha l l  f i l e  w i th  the regional  board 
(Regional Water Qual i t y  Control Bo d)." The Regional Board has the power t o  
cont ro l  the nature and extent o f  these discharges. Chapter 7 p roh ib i t s  the 
i n j e c t i o n  of wastes i n t o  a domestic water supply source, i n  conjunct ion with 
the proposed ru les  o f  the Safe Dr ink ing Water Act. 

The C a l i f o r n i a  State Wat 
est  ab1 i shed state-wide gu i d e l  
ments general-ly cover t o f  wastes from ponds o r  l a  
wastes from heat r e j e c t  (89) The j u r i s d i c t i o n a l  s 
regulat ions i s  unclear, because 1 isposal  permits are also req 
C a l i f o r n i a  So l i d  Waste r b  and the State Depart 
The WRC amendments describe fou r  d i f f e r e n t  s i t e  c lass i f i ca t ions ,  ranging from 
absolute p roh ib i t i on  o f  runof f  o ve r f  1 ow disposal (complete containment) t o  
d i r e c t  dumping of astes i n t o  surface or  ground waters. Three separate waste 
c lass i f i ca t i ons  h e been established: 

has recen t l y  
f wastes. These require- 
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Group 1 Wastes - wastes that. contain tox i c  substances or substances L a t  
could a f fec t  the q u a l i t y  o f  usable waters. 

Group 2 Wastes - wastes tha t  contain b i o l o g i c a l l y  or chemically decompos- 
able mater ia l  t h a t  w i l l  not damage water qua l i t y .  

Group 3 Wastes - wastes tha t  consist o f  nonwater-soluble or i n e r t  sol ids. 

A r t i c l e  3, Section 2520(b) catalogues wastes o f  i ndus t r i a l  o r i g i n  t h a t  
f a l l  i n t o  Group 1: "Brines from food processing, o i l  wel l  production, water 
treatment, i ndus t r i a l  processes, and geothermal plants." (The term br ine  i s  
not defined, but i s  usual ly  characterized as having 36,000 ppm TDS.) If a l l  
wastes from geothermal p lants  are Group 1 wastes, they can only be disposed o f  
i n  Class I disposal s'ites ( the most s t r i c t  c lass i f i ca t ion) ,  o r  i n  ra re  
instances, i n  Class 11-1 disposal s i tes.  I n  Cal i forn ia ,  Class I and 11-1 s i t e s  
are present ly used f o r  the surface disposal of geothermal wastes. Some o f  the 
character is t ics  o f  each o f  these s i t es  are l i s t e d  below. 

S i t e  Character ist ics 

Class I ' Class 11-1 

Complete i so la t i on  from ' Near complete i s o l a t i o n  from 
waters. waters. 

Cannot overlay usable ground 
waters except under excep- 
t i o n a l  cases ments lowered from C1 ass I 

May overlay ground waters w i th  
impermeable barr iers ;  require- 

S t r  i ngent requi  rements f or  
impermeabl e bar r ie rs  

No washout o r  overf low Controls f o r  minimum leachate 
a1 1 owed. production. 

Washout o r  inundation pro- 
tec t i on from 100-year f 1 ood i ng . 

These three regulatory documents i l l u s t r a t e  the extensive coverage t h a t  
has been given t o  geothermal waste disposal w i th  respect t o  i n j e c t i o n  engi- 
neering requirements, disposal t o  surface and ground waters, and land-si te 
disposal. Experience w i th  these regulat ions w i l l  be discussed la te r .  

b 
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Three major organizations contro l  disposal o f  geothermal e f f luen ts  i n  
Cal i fornia.  The State Lands Commission contro ls  the leasing o f  state-owned 
lands f o r  geothermal development. The Div is ion o f  O i l  and Gas o f  the Depart- 
ment o f  Conservation regulates the day-to-day a c t i v i t i e s  o f  geothermal opera- 
t ions, and i s  mostly concerned ( i n  the context o f  t h i s  repor t )  w i th  the engi- 
neering aspects o f  disposal by in jec t ion .  The Ca l i f o rn ia  State Water Resources 
Control Board and Regional Water Q u a l i t y  Control Boards are responsible f o r  
maintaining the q u a l i t y  o f  C a l i f o r n i a  waters. The Board i s  responsible state- 
wide f o r  water po l l u t i on  control ,  the maintenance o f  water qual i ty ,  and the 
enforcement o f  water r i gh ts .  Regional boards may adopt water q u a l i t y  cont ro l  
plans, prescribe waste discharge requirements, and perform other water q u a l i t y  
funct ions w i t h i n  t h e i r  respect ive regions w i th  State Board approval The State 
So l id  Vaste Management Board and the Department o f  Health requi re  permits t o  
al low land disposal o f  s o l i d  wastes. 

Other agencies tha t  may inf luence disposal o f  l i q u i d  wastes include the 
F ish and Game Department, the A i r  Resources Board, and the Ca l i f o rn ia  Energy 
Commission (which was created by the Warren-Alquist Act). The Energy Commis- 
s ion has the primary respons ib i l i t y  o f  br ing ing e l e c t r i c a l  energy supply- 
and-demand i n t o  balance through resource conservation and development, espe- 
c i a l l y  geothermal and solar. (86) No d i r e c t  i n t e r a c t i o  w i th  disposal i s  
anticipated. 

Certain counties i n  Ca l i f o rn ia  exercise considerable contro l  over geo- 
thermal operations, a somewhat unique aspect mainly brought about by the  
extensive developments i n  the state. The counties i n te rac t  on many levels, but  
perhaps the main aspect i s  t ha t  the counties are the lead agencies r e  
f o r  determining whether or not an Environmental Impact Report ( E I R )  i s  required 
p r i o r  t o  development i n  a manner described by the Ca l i f o rn ia  Environmental 
Q u a l i t y  Act o f  1970. (90) 

The general a t t i t u d e  i n  Ca l i f o rn ia  i s  pro geothermal, but  increasingly 
c loser regulat ion o f  a c t i v i t i e s  has slowed the commercializati 
resources. Major concerns have been voiced about ce r ta in  permi t t ing 

of geothermal 
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requirements, the impl icat ions o f  the SDWA, the preparation o f  EIRs, and the 
long-term protect ion o f  the environment. The need f o r  energy i n  the s ta te  w i l l  
most l i k e l y  force a streamlining o f  the regulatory processes and a more d i l i -  
gent promotion o f  geothermal energy. 

7.2.2 Oregon 

Oregon has had a long h i s to ry  of nonelectr ic u t i 1  i za t i on  o f  geothermal 
energy. The most h igh l y  developed geothermal area i n  Oregon i s  Klamath Fal ls,  
where geothermal heat has been used mainly f o r  space heating since around the 
tu rn  o f  the century. ('l) Geothermal regulat ions are more advanced i n  Oregon 
than i n  most other states and are administered by three separate s tate 
agencies--the Department o f  Geology and Mineral Indust r ies (DGMI), the Depart- 
ment o f  Water Resources (DWR), and the Department of Environmental Q u a l i t y  
(OEQ) 

Geothermal regulat ions were adopted by the Oregon Department o f  Geology 
and Mineral Indust r ies (DGMI) i n  1972, and placed i n  the Oregon Administrat ive 
Ru 1 es Comp i 1 a t  i on . ( 9 2 )  The DGMI - the main geothermal regulatory  agency i n  
Oregon - i s  authorized t o  "control  the d r i l l i n g ,  r e d r i l l i n g ,  and deepening o f  
wel ls f o r  the discovery and production o f  geothermal resources so t h a t  such 
wel ls w i l l  be constructed, operated, maintained and abandoned i n  the manner 
necessary t o  safeguard the l i f e ,  health, property and welfare o f  the people o f  
t h i s  s ta te and t o  encourage the maximum exonomic recovery of geothermal 
resources therefrom" (Section 20-005-1) . I n  these regulations, geothermal 
resources include heat, contained minerals and f l u ids ,  but  exclude o i l ,  hydro- 
carbons, and waters less than 25OoF (Section 20-010-5). Waters from wel ls 
deeper than 2000 f e e t  are automatical ly c l a s s i f i e d  as geothermal. By t h i s  
def in i t ion,  the Klamath F a l l s  development i s  not cont ro l led by DGMI 
regulat ions. 

F lu ids outside the DGMI c l a s s i f i c a t i o n  are regulated by the Department of  
Water Resources (DMR) , which regulates ground-water supply and water r ights .  
The DWR c lass i f ies  geothermal f l u i d s  as ground water, and attempts t o  regulate 
the supply and appropriat ion o f  t h i s  resource as such. A t h i r d  agency, the 
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State Department of Environmental Quality (DEQ),  is charged w i t h  the responsi- 
b i l i t y  of maintaining the quality of surface prior to the disposal of any 
effluents from a geothermal s i te .  To protect against any unforeseen environ- 
mental hazards, the DEQ regulations also state that the geothermal operator 
must not "pollute land, water or air .  . ., and the operator must comply w i t h  
Federal and s ta te  a i r  and water quality standards." The DEQ has prepared a 
water quality management plan for the State of Oregon, based on the require- 
ments of the FWPCA and Oregon Law (ORs Chapter 468). (7*20) The stated 
objectives o f  this plan are summarized below: 

t o  identify beneficial uses for public waters 

0 to  establish water qual i t y  standards 

0 to  protect existing water quality where qualities exceed established 
standards 

t o  guide waste treatment and controls for future growth 

0 t b  identify water quality deficiencies and noncompliance, and t o  
propose and implement the necessary corrective action. 

The plan addresses 19 separate drainage basins i n  Oregon, describes beneficial 
water uses, water quality standards, and minimum controls for waste treatment, 
and identifies needs and proposed actions. No mention is made of the geother- 
mal act ivi t ies  i n  the Klamath Basin2 I t  i s  certain that this DEQ water man- 
agement plan, when implemented, will affect geothermal disposal by the 
enforcement o f  surface water quality standards. 

Conflicts may arise between DEQ and DWR, since both agencies are partially 
responsible for regulating the \use of ground water. A t  the present time, i t  
appears that a permit from both departments will  be necessary t o  use or dispose 
of ground waters. The basic policy of DWR a t  the present time centers around 
zero discharge and nonconsumptive uses of underground waters; this pol icy may 
force injection back in to  the original productio 
t l e  large-scale development has occurred i n  Oregon, the final 

one. Since relatively lit- 
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reso lu t ion  o f  these issues i s  not known. 
sion, may become involved w i th  geothermal disposal i f  ex i s t i ng  or  po ten t i a l  
d r ink ing  water sources are involved.) 

The overlapping j u r i s d i c t i o n s  o f  DEQ and DGMI w i l l  have t o  be addressed i n  the 
event t h a t  a large geothermal i n s t a l l a t i o n  i s  proposed. The disposal o f  
e f f luents  from geothermal i n s t a l l a t i o n s  i s  not now considered t o  be a problem, 
mainly because o f  the low a c t i v i t y  level .  However, Oregon places a h igh value 
on the environment and w i l l  i n s i s t  t ha t  new pro jects  adhere s t r i c t l y  t o  regu- 
la t ions.  The major concern w i th  geothermal energy now appears t o  be the pre- 
vention o f  energy waste. 

(One other agency, the Health D i v i -  

I 

As i n  other states, there i s  some concern about the e f f e c t  o f  the Safe 
Drinking-Water Act (SDWA) on geothermal development. I n  any case, i t  now 
appears tha t  Oregon w i l l  choose not t o  administer a SDWA program, but  w i l l  
al low the EPA t o  do so. 

7.2.3 Utah - 
Utah's experience w i th  geothermal energy has been r e l a t i v e l y  short. The 

major development t o  date has been i n  the Roosevelt Hot Springs area i n  the 
southwestern par t  o f  the state. Utah has passed "Rules and Regulations f o r  
Wells Used f o r  the Discovery and Production o f  Geothermal Energy," t o  be 
administered by the D iv is ion  o f  Water Rights. To date, geothermal reservo i rs  
have been handled as a water source. The Water Po l l u t i on  Control Act o f  Utah, 
the major s ing le piece o f  l e g i s l a t i o n  appl icable t o  geothermal e f f l u e n t  d is-  
posal, (93) i s  modeled a f t e r  the Federal Water Po l l u t i on  Control Act, and i s  
more s t r ingent  than some o f  the federal  requirements w i th  respect t o  water 
qual i ty .  Some o f  the features o f  the Utah Act are l i s t e d  below. 

The water q u a l i t y  o f  surface streams cannot be degraded by disposal 

o f  e f f luents .  Many streams i n  Utah are less than 500 ppm i n  t o t a l  
dissolved sol ids. 

0 I n jec t i on  i n t o  freshwater aquifers i s  not allowed. 

0 The s a l i n i t y  of the Colorado River cannot be increased. 
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Design c r i t e r i a  f o r  municipal and i n d u s t r i a l  waste treatment proces- 
ses have been established. 

0 Temporary surface ponding i s  allowed w i th  proper ,engineering and 
construct ion so as t o  r e s t r i c t  waste seepage through the wa l ls  o f  
the ponding bed. 

I n j e c t i o n  i s  the preferred method f o r  large-volume disposal, but the 
wastes must be placed e i t h e r  back i n t o  the production formation o r  
i n t o  some zone o f  equal or  poorer qual i ty .  

Two organizations - the State Divison o f  Water Rights and the Water 

1 

\ 

- 

Q u a l i t y  Section o f  the Board o f  Health - are usua l ly  involved i n  regu la t ing  
geothermal development i n  Utah. The State Engineer o f  the D iv i s ion  o f  Water 
Rights i s  responsible f o r  p ro tec t ing  water r i g h t s  and overseeing resource 
developments i nvo l v ing  a l l  s ta te waters. The Water Q u a l i t y  Section o f  the 
Board o f  Health regulates Utah water q u a l i t y  i n  general. 

The r e l a t i v e  youth o f  Utah's geothermal indus t ry  and i t s  short  regulatory 
h i s t o r y  make impacts on geothermal disposal d i f f i c u l t  t o  pinpoint .  Currently, 
there appears t o  be some confusion over the i n te r face  o f  water r i g h t s  and geo- 
thermal f l u i d s .  I f geothermal f l u i d s  brought t o  the surface become a par t  o f  
the surface estate, then do the downstream users o f  water own t h a t  water and 
can they d i c ta te  i t s  d ispos i t ion?  If zero-discharge i s  a requirement, i n jec -  
t i o n  i s  a must, but  w i l l  the SDWA cause d i f f i c u l t i e s  f o r  producers who choose 
in jec t i on?  How does the use o f  geothermal resources a f f e c t  the ground water 
system? (94) These questions must be answered i f c i t i z e n s  o f  Utah are going 
t o  u t i l i z e  t h e i r  new-found resource, and a t  the same t ime maintain an accept- 
able supply and q u a l i t y  o f  s ta te waters. 

Apart from t h i s  dilemma over water r i gh ts ,  Utah accepts i n j e c t i o n  as t h e  
preferred technique f o r  disposal as long as the e f f l uen ts  are put back i n t o  
t h e i r  o r i g i n a l  formation o r  some equal ly impure zone. Discharge . in to  streams, 
freshwater aquifers, or  the Colorado River i s  u n l i k e l y  without adequate 
treatment. 
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7.2.4 Nevada 

Nevada has been the s i t e  of numerous geothermal explorat ion projects, 
inc lud ing those a t  Beowawe, Brady Hot Springs, Leach Hot Springs, and Kyle Hot 
Springs. Some recent discoveries a t  Desert Peaks by P h i l l i p s  Petroleum show a 
promising geothermal f u tu re  f o r  t h a t  area. A f a c i l i t y  t o  d i r e c t l y  use geo- 
thermal energy f o r  vegetable dehydration i s  under construct ion a t  Brady Hot 
Springs by Geothermal Food Processors, Inc., and the Magma Power Company. 

No geothermal regulat ions ex i s t  i n  the State of Nevada, but there appears 
t o  be some mot ivat ion t o  promulgate regulat ions s im i la r  t o  those f o r  the o i l  
and gas industry. Currently, permits are not required t o  d r i l l  geothermal 
wells, but  approval i s  required from the  State D iv is ion  o f  Water Resources 
(DWR) t o  produce a well A permit i s  also required from DWR f o r  the use o f  a 
production or  i n j e c t i o n  well ;  the process fo l lows the usual path o f  f i l i n g  an 
application, g iv ing the publ ic  an opportuni ty t o  act, and then f i n a l l y  proces- 
s ing the permit a t  DWR. 

The regulat ion o f  geothermal eff luents i s  not spec i f i ca l l y  addressed i n  
Nevada State regulat ions; however, the D iv is ion  o f  Environmental Protect ion 
Services has j u r i s d i c t i o n  over water q u a l i t y  and disposal o f  wastes t o  surface 
and ground waters. The State Water Po l l u t i on  Control Regulations f o r  Nevada 
were adopted by the State Environmental Commission i n  October 1973, and c lose ly  
fo l l ow  the guidel ines establ ished i n  the FWPCA. Nevada has an approved NPDES 
program, which i s  administered by the D iv is ion  o f  Environmental Protect ion 
Ser v i ces . 

Even though some o f  the remote areas o f  Nevada may be considered as pos- 
s i b l e  surface disposal s i tes,  i t  i s  unclear whether these s i t e s  can be consid- 
ered permanent or can be used extensively without the use o f  impermeable bar- 
r i e r s .  When the Resource Conservation and Recovery Act i s  promulgated, the  
requirements f o r  surface disposal w i l l  be more str ingent.  

On the subject o f  adopting regulat ions f o r  geothermal indust ry  s im i la r  t o  
those f o r  the o i l  and gas industry, there i s  some fee l ing t h a t  such regulat ion 
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would not g rea t l y  reduce c o n f l i c t s  over water r igh ts ,  but  would instead impose 
s t r i c t e r  standards f o r  d r i l l i n g  . *  operations. The access and supply issues over 
water r i g h t s  are not amenable' t o - s o l u t i o n  through 1 i ng regulat ions . 
7.2.5 

Idaho has placed a great deal o f  pos i t i ve  emphasis on geothermal develop- 
ments, l a r g e l y  through the e f f o r t s  o f  s ta te  agencies, the Idaho National 
Engineering Laboratory, and the Department o f  Energy. The main developments 
are cu r ren t l y  i n  the Raf t  River area and the City o f  Boise. The regulatory  
foundation f o r  the development o f  geothermal resources has also been 
established. 

3 

I n  1972, Idaho passed the Geothermal Resources Act. (95) I n  1974, the 
Act was updated t o  r e f l e c t  the reorganizat ion o f  State agencies. The Act 
states tha t  "it i s  the p o l i c y  and purpose o f  t h i s  s fa te  t o  maximize the bene- 
f i t s  t o  the e n t i r e  state, which may be derived from the u t i l i z a t i o n  o f  our 
geothermal resources, whi le  minimizing the detriments and costs o f  a l l  k inds 
which could r e s u l t  from t h e i r  u t i l i za t i on . ' I  The Act defines geothermal 
resources t o  be I1sui generis, being nei ther  a mineral resource nor a water 
resource, but they are also found and hereby declared t o  be cl 'osely re la ted  t o  
and poss ib ly  a f fect ing and af fected by water and mineral resources i n  many 
ipstances.Il The Act ou t l ines  the  requirements f o r  submitting production o r  
i n j e c t i o n  wel l  d r i l l i n g  permit appl icat ions t o  the State Department o f  Water 
Resources, which i s  the lead agency i n  Idaho for the explorat ion and develop- 
ment o f  geothermal resources. The Act a1 so estabi  i shed abandonment procedures 
and prov is ions fo r  U t i l i z a t i o n  o f  geothermal reservoirs.  As a supplement t o  
the Act, the Department o f  Water Resources has prepared ru les  and regulat ions 
and minimum construct ion standards f o r  geothermal wells. (96) Rule 7 o f  t h i s  

document addresses . in ject ion we1 1 s . 
informat ion about e x i s t  
source o f  i n j e c t i o n  f tu of the  amount of f l u i d  t o  be i n jec ted  

f l u i d s  already i n  the i n j e c t i o n  zone. The r u l e s  also l i s t  surve i l lance 
requirements. 

p l i c a t i o n  r o u t i n e l y  requi res 
, the method of in jec t ion ,  the 

the zones or formations affected, and analysis o f  in jec ted  f l u i d  and 

W 
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Water q u a l i t y  standards and waste-water treatment requirements were 
established by the State i n  June 1973. (97) These regulat ions are enforced 
by the D iv is ion  o f  Environment o f  the Department o f  Health and Welfare. The 
regulat ions cover both surface and ground waters, and adopt an antidegradation 
p o l i c y  tha t  states tha t  "waters whose ex i s t i ng  water q u a l i t y  i s  be t te r  than the  
established standards. . . w i l l  be maintained a t  t h e i r  ex i s t i ng  high levelB1 
Section I11 (D). This requirement goes beyond the normal requirement o f  
adherence t o  minimum water q u a l i t y  standards. Speci f ic  regulat ion o f  disposal 
i n t o  i n j e c t i o n  wel ls  i s  included, also, requ i r i ng  adequate treatment o f  wastes 
so as t o  make the q u a l i t y  of the e f f luen t  equivalent t o  the e x i s t i n g  under- 
ground water Section X ( I ) .  Minimum wquirements are l i s t e d  f o r  land d is -  
posal o f  waste-waters, and are intended t o  p r o h i b i t  'la pub l i c  heal th  hazard, a 

nuisance condition, o r  an a i r  p o l l u t i o n  problem" Section X I  (B). Regulation 
o f  geothermal resource disposal i n  Idaho i s  aimed both a t  promoting development 
and minimizing deleter ious ef fects .  

The State 's a t t i t u d e  toward geothermal disposal i s  s t i l l  i n  the format ive 
stage. 
conserve the resource and protect  the State 's  waters. Surface disposal may be 
extremely d i f f i c u l t  t o  implement i n  1 i g h t  o f  Idaho's antidegradation pol  icy.  
One exception may be the use o f  geothermal e f f l uen ts  t h a t  are low i n  contamin- 
ants as i r r i g a t i o n  water during periods o f  drought. 

7.2.6 New Mexico 

In jec t i on  appears t o  be the prefer red technique, f o r  it i s  thought t o  

Geothermal invest igat ions i n  New Mexico have been undertaken by Union O i l  
Company near Vallez Caldera and by Los Alamos S c i e n t i f i c  Laboratory near Fenton 
H i l l .  Leasing o f  s ta te geothermal lands i s  regulated by the State Lands O f f i c e  
according t o  the "Rules and Regulations Relat ing t o  Geothermal Resources 
Leases" (1971). The O i l  Conservation Commission regulates geothermal d r i l l i n g  
through the "Rules and Regulations o f  Geothermal Resources" (Order No. R-4860, 
1974). Regulations f o r  water q u a l i t y  are contained i n  the New Mexico Water 
Q u a l i t y  Act, (98) and are enforced by the State Water Q u a l i t y  Control Commis- 
sion, which has delegated the r e s p o n s i b i l i t y  o f  monitor ing discharges from 

. 
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o i l  and gas f a c i l i t i e s  t he O i l  Conservation Commission, and the remainder 
t o  the Environmental Improvement Agency (EIA)  . ("I New Mexico does not have 
an approved NPDES system; therefore, federal  regulat ions under FWPCA are 
implements by the EPA. The water q u a l i t y  regulat ions profess the fo l low ing  
purpose: 

The purpose o f  these regulat ions c o n t r o l l i n g  discharges onto or  below 
the surface o f  the ground i s  t o  p ro tec t  a l l  ground water o f  the 
state. . .which has an e x i s t i n g  concentration o f  10,000 mg/ o r  less 
TDS, f o r  present and po ten t i a l  f u tu re  use as dom 
t u r a l  water supply. 

The regulat ions are meant t o  al low the degradation o f  e x i s t i n g  ground 

i c  and agr icu l -  

- .  

waters up t o  the l i m i t  o f  the established standards. A separat 
t i o n  po l i cy  ex is ts  f o r  streams i n  New Mexico. (loo) The Water Q u a l i t y  Control 

corn i ssion states: 

Degradation o f  waters, the q u a l i t y  o f  which i s  be t te r  than the stream 
standards establ ished by the New Mexico Water Q u a l i t y  Control Com- 
mission, i s  not reasonable. . -, unless it i s  j u s t i f i a b l e  as a r e s u l t  
o f  necessary economic and soc ia l  development. 

This passage points ou t  two i n t e r  spects o f  the New Mexico regula- 

ome time, l i m i t e d  degrada- 
t ions :  (1) the d i s t i n c t i  ound waters w i t h  respect t o  
degradation, and (2) the 
t i o n  o f  surface waters may be necessary due t o  economic o r  soc ia l  

The remaining water q u a l i t y  regulat ions describe the permi t t ing  procedure 
ns i n  New Mexico. 
x i s t s  i n  the regula- 

i n  de ta i l ,  and set  
No spec i f i c  mention o 

I n  sumnary, the New Mexico Water Q u a l i t y  Control C o k s s i o n  i 

Ei ther  the E I A  o r  the O i l  Conservation Commission i s  delegated the 
sponsi b i  1 i t y  o f  regu la t ing  water qual i i t h i n  the State. 

L 

U 
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Li 
responsibility of administering the standards and regulations. The New Mexico 
Water Quality Act implies that the EIA will regulate all disposers of waste 
materials, with the exception of the oil and gas industry. It is not yet known 
whether the Comnission will adhere to this interpretation,' because geothermal 
resources can be classified as an energy source similar to oil and gas. The 
scope of the regulation may be resolved as the Vallez Caldera geothermal field 
nears completion. 

to injection and the utilization of geothermal res'ources are both at an early 
stage in New Mexico, and any conclusions concerning current State attitudes are 
premature. New Mexico is concerned about the quality of its waters, more so 
with surface than ground waters. New Mexico also recognizes the increasing 
need for energy, and has made provisions to promote development without unduly 
harming water quality. 

7.2.7 Hawaii 

The implemenation o f  the water quality control regulations with respect 

Hawaii is enthusiastic about developing geothermal resources within its 
own borders, although it has only one geothermal well in place at this time. 
State planners are anxious to reduce the state's dependence on energy imports. 

Currently, geothermal operat ions are approved or disapproved by the State 
Deparment of Land and Natural Resources through "Regulations on Leasing and 
Drilling of Geothermal Resources" (Reg. No. 8). 
for geothermal activity in Hawaii .) The legislation addresses: 

(The DLNR is the lead agency 

leasing of state lands 

permitting procedures for we1 1 dr i 1 1  i ng 

procedures for protection of Hawaii I s  freshwater lens 

a flexible design to encourage development and to handle future 
issues 

designs to complement all federal, state, and local laws concerning 
environmental protect ion. 
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ion is cons dered to be the most desirable technique for large-scale 
disposal of effluents in Hawaii, although cautio t be exercised to protect 
the freshwater lens. Emphasis has been placed on the promotion of geothermal 
development in regulations, and the general attitude is positive. The Depart- 
ment of Planning and Economic Development programatically encourages the 
development of geothermal resources . 

* I  

, 

7.2.8 Texas 

Texas has not yet experienced extensive geothermal development, but is a 
prime state for the utilization for geopressured resources. Texas I s  also 
reasonably well prepared to handle geothermal waste disposal due to its long 
experience with oil brine and industrial waste disposal. 

Texas' Geothermal Resources Act of 1975 is modeled closely after the Geo- 
thermal Steam Act, but does include "geopressured aters" in its definition of 
the resource. (lol) The Act specifies the rules for leasing of State lands 
and the regulations for drilling on public and private lands. Leasing regula- 
tions are now pending, with final authority resting with the State Land Office. 
Oril ling operations are controlled by the Texas Railroad Commission. 
In the Act and in the Commission rules, the Railroad Comnission has been given 
the responsibility of regulating the exploration and development of geothermal 
resources, and for protecting the environment and the public from hazards. 
Rule 8(A) states, "Freshwater whether above or below the surface, shall be 
protected from pollution. . .I1 Other rules associated with disposal and envi- 
ronmental protection are listed below. 

( 102 1 

I Rule 8(B): The operation of each herma1 resource well or 
well drilled for exploratory purposes. . .shall arrled on so that 
no pollution of any stream or water course of this state, or any 
subsurface waters, will occur as the result %of the escape or release 
or injection of geothermal-resource or other mineral ired waters from 
any well." 
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Rule 8(C): A l l  operators conducting ' I .  . .geothermal resources 
development and production are prohib i ted from using saltwater d is-  
posal p i t s  f o r  storage and evaporation of. .geothermal resource 
waters. . .I1 

use i n  conjunction w i th  approved saltwater disposal operations. . 
( l ) (C)  "Discharge of. . .geothermal resource waters i n t o  a surface 
drainage watercourse, whether i t  be a d ry  creek, a f lowing creek, o r  
a r i ve r ,  except when permitted by the commission, it i s  not an 
acceptable disposal operation and i s  prohibited." 

Rule 8(D): (1) "The operator sha l l  not po l l u te  the waters of Texas 
of fshore and adjacent estuarine zones o r  damage the aquatic l i f e  
therein." (2)  'I. . .geothermal resource wel l  d r i l l i n g  and producing 
operations sha l l  be conducted i n  such a manner t o  preclude the pol-  
l u t i o n  o f  the waters o f  the Texas offshore and adjacent estuarine 
zones." (2)(a) "The disposal o f  l i q u i d  waste mater ia ls i n t o  the  
Texas offshore and adjacent estuarine zones sha l l  be l im i ted  t o  
saltwater and other mater ia ls which have been treated, when necessary 
for the removal o f  const i tuents t h a t  may be harmful t o  aquatic l i f e  
o r  in ju r ious  t o  l i f e  o r  property.Il 

( l ) ( b )  "Impervious co l l ec t i ng  p i t s  may be approved f o r  

Rule 9(A):  "Sal t  water. .un f i t  f o r  domestic, stock, i r r i g a t i o n ,  
o r  other general use may be disposed of .  . .by i n j e c t i o n  i n t o  the 
fo l lowing formations: (1) A l l  nonproducing zones o f  o i l ,  gas, o r  
geothermal resources bearing formations t h a t  contain water mineral- 
ized by processes o f  nature t o  such a degree tha t  the water i s  u n f i t  
f o r  domestic, stock, i r r i g a t i o n  or  other general uses." 

Permits f o r  d r i l l i n g  o r  operation o f  wel ls may be obtained without no t ice  
o f  publ ic  hearing i f  a l l  surrounding owners and offset operators do not ob ject  
w i th in  ten days a f te r  the appl icat ion i s  f i l e d .  Publ ic hearings are held upon 
request. 

Under the ru les  o f  the Texas Railroad Commission, the fo l low ing  aspects 
o f  disposal are indicated: 
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Temporary saltwater tollecting or storage pits are permitted if they 
have impermeable barriers. 

Saltwater treated to remove harmful constituents may be released into 
bays, estuaries, and the Gulf of Mexico. 

Under restricted conditions, saltwater, disposal into natural water 
courses i s permitted. 

The lowering of standards for some water Bodies is permitted if suf- 
ficient justification exists. 

Another law having great influence on the disposal of geothermal effluent 

Disposal Well Act separates waste into two categories-- industrial and munici- 
pal waste, and oil and gas waste. Industrial and municipal waste includes that 
from.the."development or recovery of natural resources other than oil or gas" 
[Section 22.002(4)]. 

is the Disposal Well Act, formerly known as the Injection Well Act. (lo4) The 

The Disposal Well Act describes permitting procedures for injecting the 
two types of wastes. In Subchapter 9, it states, "NO person may begin drilling 
a disposal well or converting an existing well into a disposal well to dispose 
of industrial and municipal waste without .first obtaqning. a permit' from the 
Texas Water Quality Board." In Subchapter C, it states, "NO person may begin 
drilling a disposal well or converting an existing well into a disposal well 
to dispose of oil and gas Waste without first obtaining a permit from the 
Ra i 1 road Corm i ss i on of Texas. I' 

The Disposal Well Act i s  in direct conflict w i t h  the Texas.Geotherrna1 
Resources Act, insofar as it assigns geothermal responsibilities to the Water 
Quality Board rather than to the Texas Railroad CommissTon. This issue has not 
yet been decided. Cooperation does exist between the agencies however, as 
exemplified by the enactment of the-Bisposal Well Act. Anyone requesting a 
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u 
waste i n jec t i on  permit from the Water Q u a l i t y  Board must obta in  a l e t t e r  from 
the Railroad Commissi'on s ta t i ng  tha t  the proposed wel l  w i l l  not  endanger o i l  
and gas operations, and v ice versa: 

The Oisposal'Well Act does not adopt standards on wel l  construction, but  
a double-cased wel l  w i t h  packers and waste f l o w  so le l y  through the  inner tube 
i s  the preferred technique. ( 105 1 

Water q u a l i t y  standards established by the Water Q u a l i t y  Board also a f f e c t  

the disposal o f  geothermal e f f l uen ts  . (lo6) These standards are bas i ca l l y  i n  
compliance w i t h  the FWPCA, but an approved NPDES permi t t ing  system i s  not y e t  
i n  place. Currently, two permits are required f o r  surface disposal, one from 
the Water Q u a l i t y  Board and one from the EPA. 

One f i n a l  observation concerning possible regulat ing problems i n  Texas. 
Permits f o r  over 40,000 o i l  and gas waste disposal we l ls  have been issued, the  
vast ma jo r i t y  wi thout pub l i c  hearings. I f  the SOWA o r  other s ta te  l e g i s l a t i o n  
makes a l l  permits subject t o  pub l i c  hearing, and i f  geothermal wel l  regulat ions 
reside with the Rai l road Commission, tremendous delays i n  the development o f  
geopressured resources could resu l t .  

A t  the present time, the Texas Rai l road Commission appears t o  be the lead 
agency f o r  geothermal regulations, i n  s p i t e  o f  the Disposal Well Act. Not on l y  
i s  the Commission. given the au thor i ty  i n  the Geothermal Resources Act, but  the 
close association o f  geopressured resources w i th  o i l  and gas i s  obvious. It 
i s  es_timated t h a t  up t o  50 percent of the energy content i n  some geopressured 
f l u i d s  i s  i n  the form o f  natura l  gas, creat ing a c lear  compa t ib i l i t y  with o i l  
and gas operations. / 

The second major agency i n  Texas tha t  a f fec ts  geothermal operations i s  the 
Water Q u a l i t y  Board, The Board i s  not on ly  responsible f o r  maintaining the 
q u a l i t y  o f  surface and ground waters, but i s  also given j u r i s d i c t i o n  over geo- 
thermal i n j e c t i o n  we l ls  under the Disposal Well Act. A t  the  present time, the  
Water Q u a l i t y  Board i s  regu la t ing  133 separate i n d u s t r i a l  and municipal waste 
wel ls  i n  the State, and publ ic  hearings have taken place on each permit  

1 appl icat ion.  * I  

G 
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Other agencies tha t  
ment are l i s t e d  below, w 

e r a l l y  w i l l  interface w i th  geothermal develop- 
ho r t  descr i p t  i on 

0 Texas Water Development Board-water planning, economic studies, 
b r i ne  desal i nat 

0 Department o f  H - c e r t i f i c a t i o n  o f  water and wastewater treatment 

t i s e  i n  w e l l  d r i l l i n g  fo r  ' 

systems, monitoring o f  coastal 

Water Well D r i l l e r s  Board--main 
o i l  and gas 

0 State Land Off ice-- leasing o f  State lands f o r  geothermal expJoration 
and development 

School Land Off ice-- leasing o f  school 

A i r  Q u a l i t y  Board-- a t i o n  o f  a i r  . 
The general atmosph or the develo eothermal resources i n  

Texas i s  posi t ive,  i n  s p i t e  o f  some concern over p o l l u t i o n  o f  State waters by 

long experi'ence o 
idence i s  enhanced by the 
dvanced state o f  regula- 
d unanswered quest ions 

onf l i c t s  here 

Wel l  Act t o  c l a s s i f y  geothermal resources w i t h  o i l  and gas would 
a l l e v i a t e  t h i s  pro 

2) .Even though 
disposal technique a b i l i t y  of these 
aqui fers f o r  large-scale, long-term l i q  

Subsidence po ten t i a l  remains an unanswered question f o r  geopressured 
resource u t i l i z a t i o n .  

3) 
It w i l l  be impract ical  t o  re tu rn  the 

w 

7.27 



, 

extracted geothermal f l u i d s  t o  t h e i r  o r i g i n a l  formation upon d is-  
posal. The geopressured mudstones containing the f l u i d s  have a h igh 
porosity, and ext ract ion o f  large f l u i d  volumes w i l l  cause an 
increase i n  mudstone density. 
t rans la te  t o  the surface. One case i n  which subsidence d i d  occur due 
t o  o i l  and gas production from geopressured sediments i s  the Choco- 
l a t e  Bayou f i e l d  near Galveston. More than 0.3 m o f  subsidence has 
been experienced a f t e r  deep production a t  2400 t o  3900 in. Subsidence 
may be minimized i f  numerous'fault l i n e s  ex is t ,  o r  water i n f l u x  
occurs, or  the formation i s  s t r u c t u r a l l y  i so la ted  from the surface. 
Numerqus questions remain t o  be answered, and they w i i l  most cer- 
t a i n l y  a f f e c t  the disposal o f  geothermal e f f l uen ts  i n  Texas. 

Some o f  the compaction a t  depth may 

4) Surface disposal t o  streams, r i ve rs ,  or  of fshore areas i s  allowed i n  
Texas under special conditions. With the s t r i c t  requirements o f  
scate and federa l  regulations, and the questionable economics o f  
wastewater treatment, surface disposal i s  not expected t o  become a 
widely used technique. 

5) Ponding o f  e f f l uen ts  has caused environmental problems w i t h i n  the 
State. Shallow, unl ined p i t s  have allowed migrat ion o f  o i l  br ines 
i n t o  surrounding formations. Over 15,000 o f  these evaporation ponds 
have been leveled and covered along the Red River by order o f  the Red 
River Author i ty.( lo7) Liners are of ten used but have a short  
l i f e t i m e  i n  contact w i th  many geothermal e f f luen ts .  (lo8) The Ra i l -  
road Comnission has expressly p roh ib i ted  the use o f  these methods 
except i n  temporary s i tua t ions  during which approved impermeable 
l i n e r s  are employed. It i s  l i k e l y  t h a t  these types o f  ponding w i l l  
continue t o  be used dur ing d r i l l i n g  operations, and may be used f o r  
f low test ing,  emergency f low leaks, and as secondary systems f o r  
backup t o  the primary disposal system. 
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The economics o f  i n jec t i on  as a disposal technique i s  s t i l l  i n  ques- 

pressures considered. 
may be required for  each producing geopressured wel l .  
double-walled designs w i l l  a lso increase the cost o f  i n j e c t i o n  wells. 

he cost  o f  d r i l l i n g ,  the low f low rates, and high pumping 
It i s  estimated tha t  several i n j e c t i o n  wells 

The use o f  

7.2.9 Louisiana 

Louisiana, l i k e  Texas, has experienced l i t t l e  geothermal development bu t  
has great po ten t i a l  f o r  geopressured resource u t i 1  izat ion.  The O f f  i c e  o f  Con- 
servat ion has prepared regulat ions f o r  geothermal resource development, l a r g e l y  
based on o i l  and gas regulations.(109) The major rev i s ion  t o  Louisiana 
Statewide Order 29-8 concerns the disposal o f  wastes i n  Section 15. The f o l -  
lowing items were added: 

7 of the geothermal/geopressured operation waste 'materi a1 
r face  waters o f  the s tate sha l l  be done pursuant t o  and 

under the cont ro l  o f  the regulat ions and procedures set f o r t h  by the 
Stream Control Commi ss i  on o r  other appropriate s ta te  o r  federa l  
agencies having contro l  over such surface disposal. 

Produced sal twater may be disposed of and/or stored i n  p i t s  where 
such method and p i t s  have been approved o f  by the Commissioner o f  

2. 

ese regulat ions 
V - Po l l u t i on  Con o f  State Wide 
Conservation sha l l  con 1 the subsurface d is -  

general, and t h e i r  d i r e c t  impact 
ther  key aspects of the on geothermal /geopressured disposal i s  unknown. 

ex i s t i ng  ru les  are the 
mission o f  o f f s e t  operators), and the acceptab i l i t y  o f  annular disposal o f  
sal twater f o r  a one-year per iod with the proper permit. 

nce of permits wi thout pub l i c  hearing (wi th  per- 

w 
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cI1, 
Water q u a l i t y  cont ro ls  of surface waters e x i s t  i n  the State Stream Control 

Commission, and the ru les  and regulat ions are i n  compliance w i th  FWPCA. 

I n  sumnary, the lead agency f o r  geothermal regulat ion i s  the Of f i ce  o f  
Conservation, which w i l l  administer the explorat ion and development o f  geo- 
pressured resources. The Stream Control Commission i s  responsible f o r  the 
q u a l i t y  o f  the surface waters. Other agencies w i th  possible per ipheral  
involvement are the Department o f  Publ ic Works (freshwater wel ls)  and the ' 

Department o f  Health (dr ink ing water). 

I n jec t i on  o f  geothermal eff luents i n t o  sa l ine aqui fers with greater than 
10,000 mg/a o f  t o t a l  dissolved so l ids  i s  cur ren t ly  considered t o  be the  most 
desirable technique f o r  waste disposal. The importance o f  water supplies and 
s t r i c t  water p o l l u t i o n  regulat ions w i l l  l a rge l y  el iminate surface water d is -  
posal. Storage and evaporation ponds may be used f o r  d r i l l i n g  operations. 

7 . 2.10 Wyoming 

Geothermal development i n  Wyoming has been slow, w i th  on ly  two known geo- 
thermal resource areas having been desi nated i n  Yellowstone Park and a t  Fraz- 
ie r .  Four w l l s  produce hot water. (110Y 

Geothermal resources i n  Wyoming are defined i n  the State s tatutes as water 
t h a t  i s  owned by the State. (ll1) The only  reference t o  waste disposal i s  
contained i n  the ru les  and regulat ions o f  the State Board o f  Land Commissions 
for geothermal leases. (112 1 

Under the section concerning land development, paragraph (f) states that: 
"Geothermal resources sha l l  not be disposed o f  except i n  accordance w i t h  sales 
contracts or other methods which have f i r s t  been approved o f  i n  w r i t i n g  by the 
State Engineer." Section 21, paragraph (d) o f  the ru les  addresses the protec- 
t i o n  o f  other resources: "Wastes shal l  be discharged i n  accordance with 
requirements and proh ib i t ions  prescribed by the Department o f  Environmental 
Q u a l i t y  (Water Control Board) which sha l l  also approve the place, and manner 
o f  waste disposal." Paragraph ( k )  .says, " D r i l l i n g  mud sha l l  be ponded i n  a 
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u 
safe manner and place, and where required by the state,  posted w i t h  danger 
signs, and fenced t o  protect persons, domestic animals, and wildlife. Upon 
completion of d r i l l i n g ,  the mud shall be disposed of, or after drying i n  
place, covered w i t h  a protective layer of soil,." . 

State. The State Board of Land Comnissioners will be responsible for  'leasing 
of lands for exploration and development. Water quality and waste disposal 
will be the responsibility of the Department of Environmental Quality. 

The State Engineer of Wyoming will regulate geothermal development i n  the 

0 t her States 

Other western states that may have significant geothermal resources 
include Alaska, Arizona, Colorado, Montana, and Washington. These states have 
exper i enced m i  n i m  
the issue of geothermal l i q u i d  waste disposal. Exis t ing  regulations on geo- 

geothermal development, and have not addressed spec if i cal l y  

thermal development are listed below. (a) 

Alaska 

Statutes: Geothermal Resources Act (1971) AK. Stat. 38.05.181 
Leasing: Div. of Lands - Regulations & Statutes Pertaining t o  Coal 

$and other Leasable Minerals (1974) 11 A.A.C. 84.700. . . 
Dri l l ing :  Div. o f  O i l  & Gas (1974) 11 A.A.C. 94.730... 

Arizona 

Statutes: Geothermal Resources (1972); amed. HB 2257 (1977) 

Leasing: Land Dept. - Geothermal Resources (1972) T.12C.5.A.21 
under revision) 

Dril l ing: O i l  & Gas Conservatiori.Com. - General Rules & 
Regulations Governing the Conservation of Geothermal 
Resources (1972) T. 27C.4.a.4 

A.R.S. 27-651. . 

(a) Doug Sacrato, "State Geothermal Laws and Regulations," National Conference 
o f  State Legislatures, presented a t  the Geothermal Resources Counci 1 Short 
Course No. 7 - Geothermal Energy: A National Opportunity, May 17-18, 1978. 

W 
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Colorado 

Statutes : 
Leasing: 

Drilling: 

Montana 

Stat Utes : 

Leasing : 

Dr i 1 1 i ng : 

Washington 

Statutes: 
Leasing: 

Dri 11 i ng: 

7 . 3 CONCLUSIONS 

Geothermal Resources act (1974) C.R.S. 34-70-101.. . 
Board of Land Commissioner - Special Rules & 
Regulations Relating t o  Geothermal Resources Leases 

O i l  & Gas Conservation Comm. - Rules & Regulations for 
the Development & Production of Geothermal Resources 
(1976) GlOl.. . 

(1972) SLB #248-1 

leasing - Lease of Geothermal Resources (1974) 

s i t i n g  - Major Facilities Siting Act (1975, as amed) 

f i l ing bottom-hole temperatures - Act t o  Facilitate the 
Discovery of Geothermal Energy Sources (1975) 

Dept. of State Lands - Geothermal Rules & Regulations 

Dept. of Natural Resources & Conservation - Geothermal 
Investigation Reports (1975) M.A.C. 36-2.8 (14) 

R .C .M. 81-2601. . 
R .C .M. 70-801.. . 

R.C.M. 60-127, 144, 148 

(1975) M.A.C. 26-2.6 (2) 

Geothermal Resources Act (1974) T.79 R.C.W. 
Dept. o f  Natural Resources - Geothermal Leasing Policy 
(1978) DRAFT 
Dept. of Natural Resources - none 

The major environmental concern of the federal government and s ta te  
agencies arising from geothermal development i s  the proper disposal o f  geo- 
thermal effluents. In many state and federal laws, several restrictions 
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have or w i l l  be placed on surface disposal and ponding. Other states have 
incomplete regulat ions concerning these disposal techniques. The regulatory 
review implies tha t  i n j e c t i o n  e i the r  i n t o  the producing reservo i r  or  i n t o  
sa l ine aquifers i s  the preferred technique, both from a resource conservation 
and an environmental po in t  o f  view. The SDWA may impose s t r i c t e r  controls on 
in ject ion,  but i t s  f u l l  impact i s  not y e t  known. 

Although a number o f  problems and gaps e x i s t  ' i n  geothermal l e g i s l a t i o n  
(due t o  technical  uncer ta in t ies  concerning disposal) , a number o f  legal  
unknowns can be i den t i f i ed .  

Problems w i t h  the d e f i n i t i o n  o f  the resource and i t s  i n te rac t i on  w i th  
other natural  resources have created numerous regu la to ry  conf l  i c t s  
w i t h i n  s ta te agencies and the federal  government on regulatory 
control .  A method o f  a l l e v i a t i n g  these d i f f i c u l t i e s  i s  needed. As 
stated i n  a recent pub l i ca t ion  on legal  problems o f  geothermal devel- 
opment,". . .the geothermal developer must secure approval from a 
bewildering array o f  governmental bodies before proceeding w i t h  any 
stage o f  geothermal development. I n  Cal i forn ia ,  he must repo r t  t o  the 
county planning commission, the s tate Div is ion o f  O i l  and Gas, 
Regional Water Q u a l i t y  Control Board, A i r  Resources Board, Pub1 i c  
U t i l i t i e s  Commission, Energy Resources Conservation and Development 
Commission, and poss ib ly  the Federal Power Comnission. On pub l i c  
lands, the State Lands Commissioner or Bureau o f  Land Management and 
the U.S. Geological Survey must also be cons 1 ted. Each governmental 
u n i t  i s  concerned w i th  a d i f f e r e n t  aspect o f  geothermal development, 
and there i s  no supervisory agency t o  p ro tec t  developers from incon- 
s i s ten t  procedures and requirements. . . ll(113) 

The s e t t i n g  o f  standards on i n j e c t i o n  w e l l  design i s  not-uniform, and 
it i s  cu r ren t l y  unknown which techniques should be recommended, or 
whether any standards are necessary. 
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3) One of the greatest gaps in the knowledge of disposal is the transfer 
of information to those who create regulations. This transfer of 
information should include technical, institutional, legal, and 
historical data. 

4) The standardization and normalization of regulations is needed to 
aid developers in responding to the legal requirements for disposal. 

. 

7.34 



8.0 EVALU TION OF GEOTHER 

, 

!A WASTE DISPOSAL TECHNIQUES 

I n  the u t i l i z a t i o n  o f  geothermal energy, f l u i  d gases must be 
disposed o f  i n  adequately designed systems. These systems must be able 
t o  handle very la rge  volumes o f  f l u i d s  tha t  contain sa l t s  and t o x i c  sub- 
stances as we l l  as res idual  thermal energy. The 
100-MWe flashed steam-type p lan t  i s  10 l i ters /day,  which equals 28 
m i 1 1 i on g a 1 1 on's / d ay . 

9 

I n  t h i s  chapter, we have i d e n t i f i e d  seven disposal concepts tha t  could be 
used a t  geothermal s i tes.  Four are based on surface dfsposal and three are 
based on in jec t ion ,  as l i s t e d  below. 

Disposal Systems f o r  Geothermal L iqu ids 

Surface Discharge: D i rec t  release t o  surface waters 
Treatment and release t o  surface waters 
C 1  osed-cycle pond i ng and evaporation 
Consumptive secondary use 

I n j e c t  i on : a producing horizon 
a nonproduc * i ng hor i zon 

Treatment and . in jec t ion  



To t e s t  the f e a s i b i l i t y  o f  the various disposal concepts against condi- 
t ions  l i k e l y  to  be encountered i n  the f i e l d ,  it i s  necessary t o  have a set  o f  
evaluation c r i t e r i a .  The evaluation c r i t e r i a  al low comparison o f  one disposal 
system against other systems, w i th  emphasis on the strengths and weaknesses o f  
each. Four groups o f  evaluation c r i t e r i a  were used: 1) technical,  2) eco- 
nomic, 3) legal, and 4) environmental and safety. Each o f  these four  major 
groups includes subgroups, as shown below. Some standardization o f  the mean- 
ings o f  the c r i t e r i a  i s  necessary i f  the various disposal techniques are t o  be 
compared. A b r i e f  d e f i n i t i o n  or  descr ip t ion o f  each c r i t e r i o n  i s  given i n  the  
f o l l  owing paragraphs . 

Evaluation C r i t e r i a  for Disposal Systems 

1. Technical C r i t e r i a  

Working experience 
System components and mater i a1 s avai 1 abi 1 i ty  
Geology and hydrology 

, Interact ions o f  the u t i l i z a t i o n  process and the disposal 
system 
Usef u 1 by-products 

0 Re1 i ab'i 1 i ty  

* .  
2. Economic C r i t e r i a  

D i rec t  cost o f  disposal 
costs 

3. Legal C r i t e r i a  

Geothermal laws 
Environmental laws 
Water r i g h t s  laws 
Land use laws 
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4. Environmental and Safety C r i t e r i a  

Safety and emergency preparedness 
0 Water po l  1 u t  ion 

A i r  p o l l u t i o n  
0 Noise po l l u t i on  
0 Toxic substances disposal 
0 Sol id  waste disposal 

Induced seismic events . 

0 Induced land subsidence 

8.1 EVALUATION CRITERIA 

8.1.1 Working Experience 

Past experiences w i th  disposal systems a t  geothermal s i t e s  and i n  re la ted  
indus t r ies  should be evaluated. 

System Components and Mater i  a1 s Avai 1 abi 1 i t y  

The disposal system may requ i re  unusual materials; components, o r  machines 
t o  funct ion properly. The extent t o  w h off-the-shelf 
r i a l s  can be used should be assessed. 
addi t ional  research and development t o  make the system feas ib le  should be 
i den t i f i ed .  
lead times should be i den t i f i ed .  

Geology and Hydrology 

Each s i t e  w i l l  have a u ology and’topograph 

items requ i r i ng  

S i m i l  ar ly,  those items t h a t  requ i re  unusually long procurement 

f e a s i b i l i t y  o f  a1 system. For ex 9 h i  1 lY surface 
t e r r a i n  w i l l  make ponding 
whereas r e l a t i v e l y  f l a t  l a  
of water t o  secondary hold 
hydrology, and physical  properties, and the chemical proper t ies o f  the geo- 
thermal reservoir ,  w i l l  be essent ia l  i n  determining the f e a s i b i l i t y  o f  the 
various i n j e c t i o n  disposal systems. 

l l s i d e  s t a b i l i t y  problems, 
t ransfer 1 arge vo 1 umes 

subsurface geolo 



Interaction of the Uti 1 ization Process and the Disposal System 

The extent to which the choice of the disposal system limits and affects 
the operating policy of the utilization system must be evaluated. Some dis- 
posal systems, such as dumping into the ocean or a large body of water, will 
have very little interaction with the utilization system. However, other 
cases, such as injection, may have a direct and immediate effect on the utili- 
zation system. Similarly, the load-handling capability of the closed ponding 
and evaporation system under inclement weather conditions may affect the pro- 
duction capabilities of the entire system. 

Useful By-products 

The technical and economical feasibility of developing useful by-products 
(such as the utilization of C02 for dry ice or the extraction of valuable 
chemicals and minerals from the brines), should be considered for each disposal 
process. These products may be used to defer some of the costs of disposal. 

Re1 i abi 1 i ty 

Reliability of the geothermal disposal system should be evaluated in terms 
of past working experience and knowledge of the system's components and mate- 
rials. The effects of plugging, scaling, and corrosion are particularly 
critical. 

8.1.2 Economic Criteria 

The economic criteria used in this evaluation are: (1) the direct cost 
of the disposal system, and (2) how these costs affect the cost of power pro- 
duction. Site-specif ic cost data on some systems are presented whenever 
available, and a qualitative ranking for the different disposal systems is 
given. Data on disposal costs are limited due to the relatively recent evolu- 
tion of many of the disposal options; areas in which additional technical costs 

I information is needed will be identified. 

8.4 



8.1.3 Legal Criteria 

Geothermal Laws 

Legislation, laws, and regulations for the development of geothermal 
energy are applied a t  the federal, state,  and local levels and, consequently, 
are quite specific by s i te .  
tions.) The extent t o  which these regulations affect disposal systems should 
be evaluated and the differences between systems emphasized. 

(Chapter 7 summarizes federal and state regula- 

Of  the federal regulations, the Geothermal Steam Act of 1970 (3oUSC-1001- 
25) and the Geothermal Energy Research Development and Demonstration Act of 
1974 (Pub1 i c  Law 93-410) established broad guidelines that affect nearly a l l  
geothermal development. The regulations spawned by these legislative acts 
place further constraints and establish responsibilities for effective manage- 
ment of geothermal resources, Similar laws have been enacted i n  most western 
states and, consequently, some limitations and control a t  both the s ta te  and 
local levels will be erercised for most geothermal developments. The objec- 
t ives of applying the evaluation c r i te r ia  are to  emphasize 
between disposal. systems , i n  l i g h t  of the geothermal laws. 

e differences 

Environmental Laws 

The primary environmental laws ecting geothermal l i q u i d  disposal are: 
a) the Federal Water Pollution Control Act 
the Safe Drinking Water Act (PL-03-523 
Recovery Act. (PL-9 

of legislation have a significant impact on geothermal disposal systems and the 
options available to the developer. In some cases, the legislation may spe- 
cif ical ly  prohibit the discharge o f  geothermal wastes t o  surface waters. In 

endments of 1972 (PL-92-500); b )  
c )  the Resource Conservation and 

9, 1976); and d )  the Toxic Substances Control Act 
(PL-094-469, 1976) he regulations generated by this f a i r ly  extensive body 

other cases, control of injected fluids t o  prevent contamination of freshwater 
acquife l a  
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constraints on in ject ion.  We w i l l  not attempt t o  itemize s tate and loca l  
environmental laws, but these may grea t ly  a f fec t  the options available, and 
consequently must be considered a t  the spec i f i c  s i t e  under development. 

Water Rights Laws 

Water r i g h t s  are p r imar i l y  cont ro l led by s tate l e g i s l a t i o n  and regulat ions 
(see Chapter 7). The spec i f i c  e f fec ts  tha t  water r i g h t s  have upon each d is -  
posal method must be determined f o r  comparison purposes.sr 

Land Use Laws 

The uses o f  federal  lands i n  the western states are contro l led p r imar i l y  
by the  Bureau o f  Land Management and the U.S. Forest Service. However, other 
agencies, such as the National Park Service and the Bureau o f  Reclamation, may 
be involved a t  cer ta in  s i tes.  State regulat ions a f f e c t  near ly a l l  land use not  
covered by federal  regulat ions f o r  lands administration by federal  agencies. 
The e f fec ts  of these regulat ions f o r  the spec i f i c  s i t es  should be evaluated f o r  
each disposal system. 

8.1.4 Environmental and Safety C r i t e r i a  

I n  t h i s  sect ion we w i l l  compare from an environmental and safety  stand- 
po int  only those systems tha t  have passed the legal  c r i t e r i a .  

Safety and Emergency Preparedness 

The disposal systems w i l l  be evaluated w i th  respect t o  t h e i r  suscept ib i l -  
i t y  t o  serious accidents such as f i r e s ,  explosions, pipe ruptures, earthquakes, 
and the l i ke .  Backup systems f o r  emergencies and unexpected breakdowns should 
e x i s t  f o r  disposal systems, but some backup systems w i l l  be more e f f e c t i v e  than 
others i n  being responsive t o  disrupt ions from normal operations. 

Water Po l l u t i on  
’ Water po l l u t i on  e i ther  on the surfce or subsurface leve l  must be consid- 

ered f o r  most disposal systems and, assuming the legal  c r i t e r i a  can be met, the  
systems w i l l  be compared t o  determine those t h a t  minimize both the planned and 
accidental re1  eases. 
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A i r  Po l l u t i on  

Some a i r  p o l l u t i o n  may occur i n  the development o f  geothermal resources, 
even f o r  b inary cycle p lants  and closed systems. Most systems requi re a per iod 
o f  we11 tes t i ng  and per iod ic  blowdown o f  wells, which w i l l  release major con- 
taminants t o  the atmosphere i n  the form o f  noncondensible gases. O f  course, 
accidental releases such as p ipe ruptures can occur i n  any system, but some 
systems may be more su'sceptible than others t o  such accidents. Futhermore, 
planned releases w i l l  occur from ponds, cool ing towers, separators, and 
s i  1 encers . 

Noise Po l l u t i on  

Noise p o l l u t i o n  occurs p r i m a r i l y  during the pl'anned or accidental blowdown 
o f  wells, and dur ing those condi t ions when the power p lan t  i s  inac t ive  and 
geothermal f l u i d s  are being discharged through the si lencers. Noise leve ls  f o r  
each disposal system should be compared. 

I 

(. 

Toxic .Substances Disposal 

The release o f  t ox i c  substances such as arsenic and mercury may preclude 
the use o f  surface disposal systems i n  some cases because o f  i n a b i l i t y  t o  meet 
the lega l  c r i t e r i a .  However, assuming the lega l  c r i t e r i a  can be met, the d is-  
posal of t o x i c  substances must be c a r e f u l l y  evaluated because o f  the  impact on 
plants, animals and humans, and because o f  the economic impact o f  implementing 
the disposal system. 8 

Sol id  Waste Disposal 

Some systems w i l l  neccessitate s o l i d  waste disposal, such as those 
invo lv ing  treatment processes before disposal. Per iodic removal o f  the so l  i d  
wastes would be required, and an environmentally acceptable disposal s i t e  must 
be auailable. 

Jnduceb Seismic Events 

The p r o b a b i l i t y  o f  inducing seismic events as a r e s u l t  o f  i n jec t i on  o f  
f l u ids  i s  expected t o  be low. Surface disposal techniques would be expected 
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t o  incur an even lower r i s k  o f  inducing seismic events. 
p r o b a b i l i t i e s  are low, they should not be ignored when considering spec i f i c  
s i tes.  

Even though these 

Induced Land Subsidence 

Land subsidence tends t o  occur i n  some geologic s t ructures when geothermal 
f l u i d s  are extracted. Disposal systems using i n j e c t i o n  n to  the producing 
reservo i r  may mi t iga te  land subsidence. This fac to r  sh 
comparing disposal systems. 

'Id be considered when 

8.2 DISPOSAL SYSTEM EVALUATION 

8.2.1 D i rec t  Release t o  Surface 

This technique includes release t o  f resh  waters such as r i vers ,  streams 
o r  lakes, and t o  sa l ine  waters such as s a l t  lakes o r  the oceans. 

Technical Evaluation 

H is to r i ca l l y ,  geothermal operators used d i r e c t  discharge t o  an avai lab le 
drainage system; but the downstream e f fec ts  and the increased concern f o r  the  
environment have brought on more s t r ingent  cont ro ls  f o r  environmental , health, 
and safety  reasons. Although d i r e c t  discharge i s  not now being used i n  the  
U.S., i t was used a t  The Geysers u n t i l  1969. The t race impur i t ies  (e.g., 
boron, arsenic, and ammonia) i n  the waste f l u i d  from The Geysers exceed al low- 
able l i m i t s  f o r  d i r e c t  discharge as established by the State Water Resources. 
Control Board. 
use geothermal water f o r  space heat discharge the waste f l u i d s  i n t o  the sewer 
system. This p rac t ice  i s  being phased out, and heat exchangers are being used 
on most new ins ta l l a t i ons .  

I n  Iceland and a t  Klamath Fa l l s ,  Oregon, a number o f  homes t h a t  

Outside the U.S., d i r e c t  discharge i s  s t i l l  being used extensively. I n  
New Zealand, waste f l u i d s  a t  Wairakei are being discharged d i r e c t l y  i n t o  t h e  
Waikato River. The f l u i d s  represent about 1 percent o f  the t o t a l  mean r i v e r  
flow, and have caused some downstream problems by reducing the number o f  f i s h  
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and increasing the p lan t  growth. (51) This disposal method appears t o  be 
techn ica l l y  acceptab esent time, but  eothermal developments 
i n  t h i s  r i v e r  basin w i l l  requi re  other methods o f  disposal. 

A t  Ahuachapan, E l  Salvador, a combination sposal methods 'has been 

used. 
t i o n  reservoir ,  and 
Salvador has since b I t an 86-km canal t o  the and i s  s t i l l  i n j e c t i n g  
about 30% o f  the  l i q u i d s  f o r  pressure maintenance and rou t i ng  the remaining 70% 
t o  the ocean. A study t o  f o l l o w  the long-term e f fec ts  o f  t h i s  discharge i n t o  
the ocean would provide a good bas i s . fo r  assessing the po ten t i a l  f o r  using t h i s  
method i n  the U.S. 

I n i t i a l l y ,  about 30% o f  the l i q u i d  waste 
e remainder was discharge 

D i rec t  discharge i s  the s 
requires a condui t  from the p l a n t ' t o  the r e c e i v i  
disperse the l i q u i d s  i n t o  the water. The condui 
channel and, i n  most instances, the  mater ia ls  used i n  the p lan t  should be sat-  
, i s fac to ry  i n  the disposal system. Since t h i s  disposal method requires minimal 
equipment, there should be l i t t l e  i n te rac t i on  with the remainder o f  the  p lant .  
Scale formation can occur, 

hn ica l l y ,  becuse it only  
s and a diffuser t o  
p ip ing  or an open 

4 
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Economic Eva1 uat i on 

Three major costs determine the economic f e a s i b i l i t y  o f  a d i r e c t  release 
disposal system: 

land acquis i t ion 
0 system construction and i n s t a l l a t i o n  
0 piping, ducts, and complementary cap i ta l  

Although both cap i ta l  and labor markets are f a i r l y  homogeneous over the 
western United States, construct ion costs and r ight-of-way acqu is i t ion  expenses 
w i l l  vary s i g n i f i c a n t l y  between l o c a l i t i e s .  

Distance from the producing wellhead t o  the  receiv ing disposal waters i s  
a c r i t i c a l  and l i m i t i n g  factor .  As distance increases, an economic incent ive 
i s  created t o  subs t i tu te  other disposal methods f o r  untreated discharge. 
may prove less expensive t o  t r e a t  and release i n  loca l  freshwater streams than 
t o  pipe t o  an ocean f o r  disposal. 

It 

Operating expenses include repai rs  and maintenance o f  cap i ta l  equipment, 
pumping expenses ( i f necessary), and removal o f  p rec ip i ta tes  and scale from 
p ip ing  and ducts. These expenses are expected t o  be r e l a t i v e l y  low. 

The arrangement a t  Wairakei i s  probably the  simplest and most economical 
method of geothermal l i q u i d  waste disposal, although there i s  a small cap i ta l  
cost  associated w i th  the drainage canals t h a t  car ry  the l i q u i d  e f f l u e n t  from 
the wellhead steam separators t o  the Waikato River system. The cost o f  l i q u i d  
waste disposal a t  Wairakei has not been reported i n  the  l i t e ra tu re .  

A second a l te rna t ive  t o  d i r e c t  surface release involves t ransport  o f  l i q -  
u i d  wastes t o  the ocean f o r  disposal. Although both TRW (114) and Booth (115) 

indicated t h a t  t h i s  technique has severe economic l im i ta t ions ,  i t  i s  cu r ren t l y  
being pract iced a t  Ahuachapan, E l  Salvador as an a l te rna t i ve  t o  disposal i n  the 
Rio Paz River. The 86-km canal t h a t  t ransports l i q u i d  waste from Ahuachapan 
t o  the Pac i f i c  Ocean cost $15.2 m i l l i o n  t o  complete. Spreading t h i s  cost over 
the three power generation u n i t s  (Uni t  1 - 30 MWe, Un i t  2 = 30 MWe and Un i t  3 
= 35 MWe), the canal cost $160/kW. The operating costs are assumed t o  be neg- 
1igible;since the canal uses g rav i t y  f l ow  and l i t t l e  equipment i s  
involved. (126 1 
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Legal and I n s t i t u t i o n a l  Evaluation 

The Federal Water Po l l u t i on  Control Ac t  has three goals (see Chapter 7): 
1) t o  e l iminate discharge o f  po l lu tan ts  t o  navigable waters by 1985 
2) t o  p ro tec t  f i sh ,  she l l f i sh ,  and w i l d l i f e  by 1983 
3) t o  p r o h i b i t  discharge o f  t o x i c  po l lu tan ts  i n  t o x i c  amounts. 

To meet these goals, d i r e c t  discharge o f  geothermal waters from most s i t e s  with 
temperatures h igh enough f o r  e l e c t r i c  power appl icat ion w i l l  not  be allowed. 
The Puna s i t e  i n  Hawaii may have water tha t  i s  clean enough f o r  d i r e c t  d is -  
charge. 
d i r e c t  or process heating), may have water clean enough f o r  d i r e c t  discharge. 
This r e s t r i c t i o n  could be temporar i ly  l i f t e d  f o r  marginal water i n  times o f  
severe drought. S i tes tha t  are near the ocean, e.g., along the Gulf Coast, can 
s t i l l  consider using t h i s  method t o  dispose o f  l i qu ids .  

Si tes t h a t  have lower temperature waters (which are useful  enough f o r  

Water r i g h t s  laws w i l l  c a i n l y  be important if t h i s  disposal method i s  
used, I n  Oregon, the Departm o f  Water Resources considers eothermal f l u i d s  
t o  be ground water, and regulates the supply and appropr iat ion o f  t h a t  resource 
accordingly. Utah does not have spec i f i c  regul  on geothermal f l u i d s  a t  
t h i s  time, but there appears t o  be a po ten t ia l  t e r  r i g h t s  problems w i t h i n  

the state. 

Environmental and Safety Evaluation 

The assumption i s  made tha t  as q u a l i t y  standards are met, 
the chance f o r  water p o l l u t i o n  i s  10 i r e d  t o  insure 

erosion i n  the receiv ing waters, stream, o r  lake bed i f  the d i f -  

d u i t  i s  long enough t o  permit the waste t o  cool. The 
d should provide the best occupational safety  o f  the 
d w i l l  requi re  l i t t l e  or  no backup systems. 

a te r  q u a l i t y  does not deter iorate w i t  

gn i s  not  adequate. Thermal p o l l u t i o n  must be considered a po ten t i a l  

f l ow  rates could 

The release o f  t o x i c  substances, except f o r  undetecte hanges i n  f l u i d s  
chemistry, i s n ' t  expected t o  be a problem because the wastes w i l l  have t o  meet 
the lega l  c r i t e r i a  before they can be considered f o r  t h i s  method o f  disposal. 
Some s o l i d  wastes w i l l  be generated from scale removal and thus w i l l  have t o  
be disposed o f  separately. 
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A l l  o f  the surface disposal methods w i l l  r e s u l t  i n  near t o t a l  release of 
dissolved gases. Therefore, a thorough analysis and evaluation o f  the noncon- 
densible gases i n  the water must be made before d i r e c t  surface disposal i s  
considered. Large volumes o f  water vapor w i l l  be released t o  the atmosphere. 

Noise po l l u ton  i s  possible w i th  t h i s  method as w i th  a l l  surface disposal, 
but avai lable si lencers are adequate t o  reduce the noise t o  acceptable levels. 

Inducing seismic events i s  not expected t o  be a problem; but the po ten t i a l  
f o r  land subsidence i s  very rea l .  
geothermal s i tes,  such as Wairakei, indicates that, i n  many areas, continued 
removal o f  l i q u i d s  from subsurface s t r a t a  can cause subsidence o f  the land 

Experience i n  the o i l  indus t ry  and a t  some 

surface. A t  some geothermal areas, subsidence i s  occurring n a t u r a l l y  and the  
po ten t i a l  added e f f e c t  o f  l i q u i d  removal without i n j e c t i o n  i s  not known. 

Concl usions 

D i rec t  discharge systems are simple t o  construct (i.e., they require no 
special equipment or materials), and would have low operating cost and high 
r e l i a b i l i t y .  The unresolved problems include: 

meeting the legal  requirements 
erosion and other damage from high-volume f low 
p r e c i p i t a t i o n  o f  undesirable sol ids  (minor) 

0 thermal e f fec ts  on the rec ip ien t  waters and surroundings. 

8.2.2 Treatment and Release o f  Surface Waters 

Treatment involves the appl icat ion o f  one or more processes t h a t  modify 
the propert ies o f  l i q u i d  waste. Processes may cause physical, chemical o r  
b io log i ca l  changes i n  the f l u i d s  or some combination thereof. Simple t rea t -  
ments would be s e t t l i n g  and f i l t r a t i o n  o r  f loccu la t ion .  More advanced t r e a t -  
ments, such as reverse osmosis, e lec t rod ia l ys i s  or ion exchange, are sometimes 
used on l i q u i d  wastes from indust r ies other than geothermal . 

Technical Evaluation 

A t  t h i s  t ime no s i t e s  i n  the U.S. are using treatment and d i r e c t  d is-  
charge, but the method i s  being considered i n  New Zealand. Rothbam and Ander- 

ton(116) repor t  on a p i l o t  p lant  a t  Wairakei, New Zealand t h a t  i s  designed 
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to remove silica and arsenic from waste waters. In this process, waste fluid 
at 90°C is IIaged" to allow silica to polherize; addition of slaked lime to 
the waste fluid rapidly precipitates a flocculent-hydrated, calcium silica gel, 
which readily settles out in tanks. Simultanesously, if the arsenic has been 
preoxidized to its pentavalent state, it co-precipitates. The calcium-si1 icate 
precipitate is then dried with waste heat to produce a useful by-product for 
wallboards or insulants. The pilot plant operation showed that technically 
this is a viable option. 

The waste fluids from a direct heating project in Idaho are clean enough 
to be discharged into the Boise river, except for a higher than allowable 
fluoride concentration. The allowable level is about 2 ppm, and the waste 
stream contains about 10 to 15 ppm. One method for removing the fluoride ions 
from water uses an activated alumina bed, which has been used for drinking- 
water supplies. This system works, but it is expensive. 

Some typical treatments that are available for geothermal liquid wastes 
1) exclusion of air and maintenance of C02 pressure to prevent include: 

calcite plugging, 2) sedimentation in holding ponds to prevent formation plug- 
ging, and 3) slaked lime addition to remove silica and arsenic. 

Conventional waste-water treatments may be effective on some geothermal 
liquid wastes, These treatment systems remove suspended solids from waste 
water in a four-step process. The first three unit operations - rapid mixing, 
flocculation, and sedimentation - are typically performed in a single vessel. 
Chemicals are added to promote flocculation and settling. Step four W t h e  
conventional system is filtration of the liquid effluent to remove turbidity 
and fine suspended solids, which did not settle o . Special materials may be 
needed if the liquids are corrosive. 

One o f  the following advance water treatments may be usable. .These 
advanced treatments are used when conventional systems cannot achieve a desired 
water quality. These treatments include ion exchange, reverse osmosis, and 
electrodialysis, In the ion exchange process, undesjrable ions are removed 
from a waste stream and replaced with other ions as the water flows through a 
special resin bed. The type o f  resin is chosen based on the ion to be removed. 
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I n  the reverse osmosis process, water i s  dr iven through a semi-permeable mem- 
brane from a so lut ion o f  h igh dissolved so l ids  concentration t o  solut ions o f  
lower concentration. 
than the osmotic pressure o f  the solut ion.  The membrane prevents the passage 
o f  the sol ids.  E lec t rod ia lys is  i s  s im i la r  t o  reverse osmosis i n  the respect 
t ha t  both are membrane desal t ing systems. However, e lec t rod ia lys is  i s  d i f f e r -  
ent i n  that :  (1) the d r i v i n g  fo rce  i s  an e l e c t r i c a l  f i e l d  ather than pres- 
sure, and (2)  the ions, ra ther  than the water, pass through the membrane. 
Membranes f o r  these two processes are present ly l im i ted  t o  'about 27OC f o r  
reverse osmosis and 6OoC f o r  electrodialyses. Experimental membranes are 
being tested t o  higher temperatures. 

The d r i v i n g  fo rce  i s  an applied pressure tha t  i s  greater 

> <  

and 
s i f  
w i  1 

are 

The prec ip i ta ted  so l ids  co l lected i n  any o f  the above treatment systems 
or  l e f t  i n  the bottom o f  an evaporation pond create another waste source 
requ i r i ng  disposal. (117) These so l ids  can be disposed o f  i n  a number o f  
ways, inc lud ing l a n d f i l l i n g ,  mineral recovery, and ocean dumping. The method 

s i t e  for  the disposal o f  the so l ids  w i l l  depend on whether they are c las- 
ed as hazardous or  not. C lass i f i ca t i on  w i l l  vary from s i t e  t o  s i t e  and 

serve t o  fu r the r  l i m i t  the disposal options avai lable. 

The general processes f o r  t r e a t i n g  l i q u i d  wastes t o  remove contaminants 
known, but the ind iv idua l  nature o f  the l i q u i d s  a t  each geothermal area 

requires tha t  any treatment p lan t  be t a i l o r e d  f o r  each spec i f i c  s i t e .  One 
problem i n  designing any treatment p lan t  i s  the v a r i a b i l i t y  o f  f l u i d  chemistry 
w i th  time. This need t o  handle chemistry changes w i l l  increase the design 
complexity o f  plants. 

The geology and hydrology o f  the s i t e  are as important t o  treatment sys- 
tems as they are t o  d i r e c t  discharge systems. Treatment methods w i l l  i n t e r a c t  
with the plant, since per iod ic  equipment f a i l u r e  may occur or  such th ings as 
plugging o f  f i l t e r s  can happen. To prevent p lan t  shutdown, temporary backup 
systems, such as holding ponds, may be required. The increased amount o f  
equipment and the complexity o f  the system w i l l  cause the r e l i a b i l i t y  t o  be 
less than tha t  o f  d i r e c t  discharge methods. Useful by-products can be obtained I 
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from t h i s  method. A t  the Broadlands, an estimated 30,000 tons(M) o f  l ime would 
be needed annually and would y i e l d  80,000 tons(M) o f  calcium si ’ l icate. The 
calcium s i l i c a t e  can be used i n  bu i l d ing  mater ia ls and cement, or as a s o i l  
condi t ioner,  i f  the arsenic content i s  s u f f i c i e n t l y  low. 

Economic Evaluation 

Conventional treatment system costs are dependent on f l ow  rate, i n f l u e n t  
water composition, temperature, and desired product water qual i ty .  Costs 
reported by Christensen (118) are ’based on municipal waste treatment f a c i l i -  
t i e s  and are probably lower than the costs w i ’ l l  be f o r  processing geothermal 
brines. Municipal waste treatment systems are designed t o  operate a t  ambient 
temperature. The high temperatures o f  the bines could increase costs due t o  
the need f o r  corrosionand heat-resistant mater ia ls . On the other hand, higher 
temperatures could also tend t o  decrease costs, because fas te r  react ion ra tes  
would al low use o f  smaller units. As few o f  these costs are included, actual 
system designs and costs w i l l  have t o  be determined on a case-by-case basis. 

The cap i ta l  costs f o r  an East Mesa and a Salton Sea treatment plant, using 
municipal waste treatment p lants  estimates, are estimated a t  50 $/kW and 
$34/kW, respectively. The year ly  operat 
estimated $115,000 and $81,000 without s 

osts for these two plants were an 
(118) 

content of the waste 
are $21.4 per ton o f  concentrated 

1 . .  

ton f o r  t ransportat ion t o  a land- 

per day, cons t i t u t i ng  
o f  dewatering t o  50% 
the s i te ,  substant ia l  cost savings may be achieved. Ideal ly,  generation o f  
marketable residues would el iminate the need f o r  s o l i d  waste disposal s i t e s  f o r  
the geothermal industry. L i t t l e  work has been done i n  t h i s  area and t o  date 
the production o f  marketable comod i t i es  from residual  sludges has not been 
shown t o  be cost e f f e c t i v e  f o r  geothermal resources. 

not include the cost 
sed of onsite, o r  near 
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This disposal technique i s  economically unfeasible a t  Ahauchapan, E l  Sal- 
vador because (1) the abundant residue s a l t s  could not be p r o f i t a b l y  marketed; 
(2) the h igh l y  corrosive nature and the s i l i c a  saturat ion o f  the res idual  f l u i d  
would requ i re  addi t ional  treatment; and ( 3 )  there i s  no market f o r  the demin- 
e r a l i t e d  water. Therefore, other disposal techniques are being used. (1191 

Legal and I n s t i t u t i o n a l  Evaluation 

A waste-treatment disposal method should be able t o  meet the geothermal 
and environmental laws, since each f a c i l i t y  must be designed f o r  the i nd i v idua l  
s i te .  The biggest problem would be t o  have enough f l e x i b i l i t y  i n  the p lan t  t o  
accommodate b r ine  chemistry changes tha t  may occur over the l i f e t i m e  o f  the  
plant.  This i s  necessary t o  insure tha t  l iquid-waste output meets the regula- 
t i o n s  f o r  temperature and chemistry. Since t h i s  disposal method w i l l  a lso 
release near ly  a l l  dissolved gases, care fu l  considerat ion must be given t o  
releases t o  the atmosphere. 

As w i th  a l l  surface disposal methods, water . r igh ts  are a po ten t i a l  prob- 
lem t h a t  w i l l  have t o  be addressed a t  each s i t e .  Since t h i s  disposal method 
w i l l  e n t a i l  addi t ional  acreage f o r  ponds, f i l t e r s ,  or  other treatment f a c i l i -  
t i e s ,  land-use laws w i l l  have t o  be considered. 

Environmental and Safety Evaluation 

This disposal method can be designed and b u i l t  t o  be inherent ly  safe. 
S e t t l i n g  ponds and f i l t r a t i o n  systems w i th  proper guardra i ls  have l i t t l e  sus- 
c e p t i b i l i t y  t o  serious accidents. Pond rupture and release o f  l i q u i d s  due t o  
earthquakes i s  a po ten t ia l  problem. 
are located i n  ac t i ve  earthquake zones, the pond containment s t ruc tu re  must be 
designed t o  withstand seismic loading. 

Since many known geothermal resource areas 

Unplanned water p o l l u t i o n  could happen i f  chemistry changes i n  the l i q u i d  
waste occurred and went undetected, or  i f  treatment adjustments were not made 
t o  accomnodate the changes. Normally these changes would be very gradual over 
an extended period, so any chance f o r  s ign i f i can t  p o l l u t i o n  would be small. 
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U 
A i r  p o l l u t i o n  can occur because near ly a l l  dissolved gases w i l l  be 

released from the l iqu ids.  If these gas releases exceed allowable l i m i t s  f o r  
the spec i f i c  f i e l d s ,  a s i g n i f i c a n t  amount o f  addi t ional  equipment and expense 
w i l l  be required. Noise p o l l u t i o n  should be about the same as f o r  a l l  surface 
disposal methods, and can be reduced t o  acceptable l i m i t s  by proper use o f  
s i  1 encers. 

Insofar as s e t t l i n g  ponds or f i l t r a t i o n  systems c o l l e c t  sol ids,  disposal 
of s o l i d  wastes w i l l  be a problem. 
po ten t i a l  disposal s i t e s  near the geothermal s i t e s  w i l l  be very important t o  
fu tu re  devel opment . 

The i d e n t i f i c a t i o n  and evaluat ion o f  

Induced seismic be a problem, but  as i n  a l l  surface disposal 
m i t i n g  fac to r  i n  applying t h i s  method. 

This w i l l  depend on 
the power p lant .  

Conclusions 

The treatment-and-direct-discharge disposal method i s  t echn ica l l y  feas ib le  

i a l  damage tha t  can occur i n  the s i t e  area or  t o  

f o r  many geothermal s i tes .  Methods are avai lab le f o r  t rea t i ng  many ‘geothermal 
f l u i d s  t o  meet the discharge requirements, but  the costs may be high. The 
so l ids  t h a t  are generated by the treatment process can develop i n t o  a major 
disposal problem. The primary considerations w i l l  be the cost and the e f f e c t  
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(4 
Sal ada. (120) 
a1 . (lo8) state: "Lagooning o f  brines, however, remains a v iab le  a l t e rna t i ve  
( t o  i n jec t i on )  as wel l  as a temporary storage technique." They bel ieve t h a t  

I n jec t i on  i s  also being considered fo r  disposal. Morrison e t  

any hazard t o  the environment can be cont ro l led  through carefu l  design and 
management. 

Salts can be concentrated by using several ponds i n  ser ies ra ther  than one 
large lagoon, as i l l u s t r a t e d  i n  Figure 8.1, Panel 1. Various s a l t s  can be 
expected t o  deposit i n  Ponds 1 through 7. Assuming t h a t  (1) the input  concen- 
t r a t i o n  i n  the f i r s t  pond i s  1/100 o f  the satuat ion point ,  and (2) the concen- 
t r a t i o n  leaving a pond i s  double i t s  i n l e t  concentration, then the next pond 
i n  the ser ies w i l l  requ i re  an area on ly  one-half o f  the source pond. As a 
consequence o f  the temperature drop i n  each successive pond, the s a l t  concen- 
t r a t i o n  w i l l  have reached i t s  saturat ion po in t  and w i l l  p rec ip i t a te  out  by the  
seventh pond. An a l ternate design i s  shown i n  Figure 8.1, Panel 2. Here the 
f l ow  from the l a s t  pond would be a saturated so lu t ion  tha t  could be evaporated 
by the heat from the i n l e t  p ip ing  f o r  Pond 1. Ponding was widely used i n  the 
o i l  industry, but  since impermeable ba r r i e rs  were not  required, some ground 
water contamination occurred. Presently, i n  Texas, ponding i s  not allowed f o r  
permanent disposal and o l d  ponds are being dismantled (see Chapter 6). During 
i n i t i a l  wel l  t es t i ng  a t  most s i tes,  ponding i s  the most widely used 
method f o r  c o l l e c t i n g  the waste. The l i q u i d s  may be allowed t o  evaporate o r  
may be disposed o f  by one o f  the other means. 
candidate f o r  emergency backup t o  other disposal methods. 

Ponding i s  also considered a 

Two types o f  ponds, natura l  and man-made, are used for evaporation. A 
natural  pond (e.g., a d ry  lake bed o r  a f l a t ,  depressed area) usua l ly  covers a 
large area because o f  the absence o f  ba r r i e rs  a t  i t s  edges. Man-made ponds, 
on the other hand, contain an impermeable b a r r i e r  a t  t h e i r  sides and bottom 
made e i the r  o f  manufactured materials, such as PVC o r  bu ty l  rubber, or  natura l  
materials, such as montmoril lonite. The p l a s t i c  l i n e r s  are genera l ly  protected 
with a layer o f  sand or  c lay  t o  exclude contact with the sun and a i r .  P l a s t i c  
l i n e r s  have not been completely successful t o  date, and a number o f  them have 
f a i l e d  a f t e r  a few years, r e s u l t i n g  i n  l oca l  contamination t o  the ground water. 

b 
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1-POND EVAPORATIVE SYSTEM 

17 ...a 
111.5625 

CONCENTRATION = 11100 
COUPLED WITH INCREASED SOLUTE 
CONCENTRATI ON I S AN EVAPORATIVE 
HEAT LOSS- SOLUTE PRECIPITATION 

PANEL 1 
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A t  Cerro Prieto, sedimentation o f  suspended so l ids has sealed the lagoon and 
i s  preventing leaching o f  the so i l .  (lo8) Brine chemistry plays a major r o l e  
i n  t h i s  sel f -seal ing process. 

Ponding in teracts  very l i t t l e  wi th  the u t i l i z a t i o n  process. If there are 
long periods o f  inclement weather during which the evaporation r a t e  i s  much 
below normal, some reduction i n  waste f low may be required. The system should 
have high r e l i a b i l i t y ,  because equipment and cont ro ls  are kept t o  a minimum. 
Evaporation w i l l  concentrate a l l  o f  the non-gas contaminants . Since some ponds 
require per iod ic  cleaning, they can be a source o f  useful  by-products, though 
they may create a solid-waste disposal problem. Consideration i s  being' given 
t o  mining the pondAat Cerro Prieto. 

Economic Eva1 uat ion 

TRW4114) estimated the cost o f  evaporation ponds as a f i n a l  disposal 
opt ion based on research conducted by the Environmental Protect ion 
Agency. (12') Although tk EPA f igures are taken from actual p ro jec t  costs 
i n  average s i tuat ions i n  the U.S. over a v a r i e t y  o f  condit ions f o r  1971, the 
costs were restated t o  1977 by TRW using the Marshall and Stevens Process 
Industr ies Average Equipment Cost Index. 

I n i t i a l  cap i ta l  investment for an evaporative pond system o f  100 surface 
acres(a) was calculated t o  be $1,646 x lo3, or approximately $16,460 per 
surface acre. Total annual operating and maintenance expenses were given as 
$69 per acre. The required surface area i s  determined by: 

A = Q/E 

where A = area required, Q = waste water generation rate, and E = evaporation 
rate. Since geothermal s i t e s  are o f ten  located i n  a r i d  regions, evaporation 
rates w i l l  t y p i c a l l y  be as high as 60 t o  100 inches per year, making evapora- 
t i o n  ponds a v iab le a l t e rna t i ve  f o r  l i q u i d  waste disposal. 

(a) The 8 km2 (2000 acres) system a t  Cerro P r ie to  i s  s u f f i c i e n t  t o  handle the 
f l u i d  output o f  the 75-MWe f a c i l i t y .  Assuming l i n e a r  proportlons, the 100 
acre system would be s u f f i c i e n t  t o  handle the output o f  a 4-MW f a c i l i t y .  
For the 2000-acre evaporation system a t  Cerro Prieto, the TRW cost 
cor re la t ions  y i e l d  an estimated i n i t i a l  c a p i t a l  investment o f  $20.28 x 
106 and annual operating and maintenance costs o f  $40,00O/year. 

8.20 



With respect t o  cost s e n s i t i v i t y  t o  the t o t a l  water surface area, TRW 
shows t o t a l  annual costs f o r  systems o f  10 acres t o  10 acres ranging from 

6d 
5 

$32,000 t o  $75 
costs per acre 
as sumnarized 

x IO6, respectively. TRW expects tha verage t o t a l  annual 
w i l l  range from approximately $3200 t o  $750 over the i n te rva l ,  

i n  Table 8.1. 

One o f  the major cap i ta l  cost components i s  the pond l i n e r  required t o  
prevent leakage from c tainment lagoons used f o r  surface disposal. L iners  
were estimated i n  1977 o l l a r s  t o  range from an i n s t a l l e d  cost of $1.17 per 
square yard fo r  10 m i l  PVC up t o  $3.78, f o r  1/16-inch Butyl  rubber. 
seal ing by p r e c i p i t a t i o n  i s  expected t o  be s ign i f i can  
i n s t a l l a t i o n  o f  synthet ic or natural  l iners ,  but  i s  n 
c a l l y  feas ib le  a t  every po ten t i a l  s i te .  Brine chemis 
inant o f  po ten t i a l  sel f -seal ing by p rec ip i t a t i on .  

Sel f -  
less c o s t l y  than the 

l i k e l y  t o  be techni- 

Surface ponding appears t o  be an economically v iable option f o r  geothermal 
1 i q u i d  waste disposal . However, the fo l l ow  
be considered before choosing t h i s  option: 
1)  evaporation r a t e  
2) e f f  1 uent temperature 
3) 1 i ner requirements 
4) p lant  s ize 
5) land cost$ 

6) 

site-specif i c  parameters must 

local,  state, and federal  regulations. 

TABLE 8.1. Surface Ponding f o r  vaporative Disposal: 
Total  Annual Costs (a  f 

Annual Capi t a l  Annual nnual $/Acre 
Acres Investment, $ Recovery, $/Yr Operating, $/Yr Total, $/Yr per  Year 

10 30,000 2sooF), 3,200 

100,000 8.37 x lo8 74,300,000 700,000 750 

(a) 30 years a t  8%. A l l  f i gures  are i n  1977 dol lars.  

100 1,690,000 150,000 60,000 2,100 

W 
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Legal and I n s t i t u t i o n a l  Evaluation 

Both the Federal Water Po l l u t i on  Control Act and the Safe Dr inking Water 
improper pond con- Act could a f f e c t  the ponding disposal method, insofar  as 

- s t ruct ion,  ruptured ponds, or leaking ponds could contam 
surface water, or  potable ground water. Ponds w i l l  have 
because most known geothermal resource areas are located 

nate e i ther  navigable 
t o  be wel l  engineered, 
i n  areas o f  high- 

seismic a c t i v i t y .  Ca l i f o rn ia  requires tha t  ponds be designed by l icensed c i v i l  
. I  engineers. 

Utah w i l l  a l low temporary ponding contingent upon proper pond engineering 
and the i n s t a l l a t i o n  o f  impermeable l i n ing .  Nevada has permit ted the waste 
from one wel l  t e s t  t o  f low i n t o  a d ry  lake bed. This was i n  a desert area 
where the t o t a l  dissolved so l ids  o f  the loca l  waters c lose ly  matched t h a t  o f  
the waste. 

Water r i g h t s  w i l l  a f f e c t  the use o f  ponding j u s t  l i k e  it af fec ts  the use 
o f  a l l  surface disposal methods. 
since pond s ize  f o r  a f u l l - s i z e d  p lan t  could be large. 

Land-use laws could g rea t l y  a f f e c t  ponding, 

Environmental and Safety Evaluation 

From an occupational standpoint, ponding w i l l  be a very safe disposal 
method. L i t t l e  o r  no operating a c t i v i t y  i s  required. dccasional ly the pond 
may be cleaned out  t o  al low recovery and/or disposal o f  sol ids.  L i ke  a l l  sur- 
face disposal methods, the noncondensible gases are released, and considerat ion 
must be given t o  high loca l  concentrations o f  H2S. Earthquakes can be a 
po ten t i a l  problem and good design must be applied. 

Water p o l l u t i o n  p o t e n t i a l l y  exists,  since p l a s t i c  l i n e r  mater ia ls  have 
been known t o  f a i l  a f t e r  a few years o f  service. Presently, there are no known 
economical and r e l i a b l e  methods f o r  e a r l y  detect ion of pond leakage. Detection 
usua l ly  occurs a f t e r  contamination appears i n  nearby we l ls  o r  other ground 
water. Bank erosion from heavy ra ins  or f l a s h  f loods should be considered 
dur ing the s i t e  se lect ion and pond design. A i r  p o l l u t i o n  w i l l  occur due t o  the 
release o f  noncondensible gases and large volumes of water vapor. 
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I, 
Toxic ubstance and s l i d  whste disposal w i l l  be required if the pond 

needs per iod ic  cleaning. Amounts and type o f  mater ia ls t o  be disposed o f  w i l l  
depend on the chemistry o f  the l i q u i d s  and the type o f  saleable products 
removed. 

Induced seismic a c t i v i t y  should have a low probab i l i t y ,  but land subsi- 
dence can occur. I n  some a r i d  regions, a large pond o r  lake created by the  
geothermal l i q u i d  wajtes could a t t r a c t  waterfowl and may be capable o f  sus- 
t a i n i n g  aquatic l i f e .  

. 

Concl us i ons 

Closed-cycle ponding may be an acceptable disposal method i n  a r i d  areas 
where land costs are low. The c rea t ion  o f  a large pond o r  lake could be an 
added a t t r a c t i o n  i n  those areas t h a t  have no aquatic environment. Technically, 
t h i s  disposal method can be applied i f  the environmental issues can be 
sa t i s f i ed .  

8.2.4 Consumptive Secondary Use 

This method o f  disposal includes both f u l l  use o f  the l i q u i d  wastes f o r  
app l i ca t ion  i n  ag r i cu l tu re  o r  industry, and use o f  p a r t  of the wastes (e.g., 
the condensate from the f l  ashed-steam plants)  . 

Technical Evaluation 

The geology, hydrology, and topography o f  an i nd i v idua l  s i t e  w i l l  g r e a t l y  
inf luence the po ten t i a l  secondary ses .of l i q u i d  kastes. U t i l i z a t i o n  of 100 
percent o f  the geothermal wastes l i k e l y  t o  occur a t  those s i t e s  wi th  
low t o t a l  dissolved so l ids Raft River i n  Idaho o r  some o f  t he  
Oregon or Nevad 
suppl ies. 

time. Experiments are eing run a t  Raft R i  ermi ne the capabil i t y  
o f  using the geothermal wastes t o  i r r i g a t e  a g r i c u l t u r a l  crops. The e a r l y  t e s t s  
were considered a success since the y i e l d s  and crop composition were comparable 

a need for addi t ionai  water 

o geothermal s i t e s  ar 

w 
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shwater, and there was no apparent increase i n  heavy metal pick-up. 
onal t es t i ng  i s  planned. The use o f  p a r t  o f  the geothermal wastes may 
s i b l e  a t  several s i tes.  The flashed steam a t  the Niland s i t e  i s  scrubbed 
ondensate. This scrubbed steam is genera l ly  less than 20 ppm TDS, and 
ached a leve l  less than 5ppm. This waste f l u i d  could then be considered 
ondary Qses i f  i t  i s  not needed f o r  p lan t  cooling. 

The Bureau o f  Reclamation completed a study f o r  using geothermal water f o r  
power production and/or desalination. The study was fol lowed w i th  p i  
test ing.  The tes ts  were considered techn ica l l y  successful , although a t  the 
present t ime the desalted water i s  too expensive. Disposal o f  the remaining 
wastes a f t e r  ex t rac t ion  o f  water f o r  secondary use may be more d i f f i c u l t  
because o f  the increased concentration o f  TDS. 

Another po ten t i a l  secondary use would be the growth o f  algae. The algae 
could be used as feed f o r  f i s h  o r  she l l f i sh .  The growth o f  the algae could 
r e s u l t  i n  water clean enough t o  be disposed o f  by one o f  the less c o s t l y  
methods. Tests are needed t o  determine i f  traces o f  heavy metals accummulate 
i n  f i s h  t h a t  are grown on these algae. 

For the l ow-sa l i n i t y ' s i t es ,  standard components and mater ia ls  can be used. 
The s i t e s  tha t  w i l l  use p a r t  o f  the l i q u i d  wastes, such as condensate, can use 
ord inary equipment and mater ia ls once higher p u r i t y  i s  obtained. I f  the pu r i -  
f i c a t i o n  system, such as a desal t ing plant,  i s  p a r t  o f  the disposal system, 
care w i l l  be required i n  the se lect ion o f  mater ia ls and components t h a t  can 
withstand the chemistry o f  the l i q u i d  waste. 

Consumptive disposal methods w i l l  i n te rac t  w i th  the s i t e ' s  u t i l i z a t i o n  and 
secondary disposal systems, and temporary holding ponds might be necessary t o  
prevent p lan t  shutdown. Those s i t e s  tha t  use the l i q u i d s  f o r  i r r i g a t i o n  w i l l  
requ i re  another use o r  disposal ethod f o r  off-season. The use o f  l ow-sa l i n i t y  
water should be a very r e l i a b l e  system, since standard components and mater ia ls  
can be used. A system using pa r t  o f  higher sa l ine  wastes w i l l  be less r e l i a b l e  
depending on the chemistry o f  t he ' s ta r t i ng  l i q u i d  and the complexity o f  the 
treatment system. The major by-product w i l l  be usable warm water. 

iri 
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Economic Evaluation 

Consumptive secondary us t require l i t t l e  o treatment are h igh l y  

i n  a net income by combin- 

f o r  i r r i g a t i o n  can be an 

desirable since ca and land costs w be low. If minimal t r e a t -  
ment i s  required, a1 method could r e  
i n g  the sale o f  proc ure o f  the f l u ids ,  and the 
sale o f  water f o r  
a t t r a c t i v e  feature 

Legal and I n s t i t u t i o n a l  Evaluation 

As long as the t race'  impur i ty  o f  heavy metals remains low, the s i t es  tha t  
can use a l l  of the  waste f o r  secondary uses w i l l  s a t i s f y  the  federal  environ- 
mental laws t h a t  pose problems f o r  other disposal methods. Even the Resources 
Conservat i on and Recove ethod. Those 
s i t e s  tha t  u 
t h a t  are associated w i t h  
wastes. If i r r i g a t i o n  
the system proposed t o  
f o r  some .concern. 

Water r i g h t s  may b e secondary use 
would requ i re  adequate 
the Department o f  Water Resources i n  Oregon and the Department o f  Water Rights 
i n  Utah. 
say geothermal water i s  owned by the State. 

Land-use 1 aws ould a f f e c t  t h i s  method i f  t 

Wyoming water laws could a f f  

i n  c o n f l i c t  w i th  ex i s t i ng  plans f o r  t h  

The occupational safety  w i t h  t h i s  disposal method should be very good, 
s ince- the s a l i n i t i e s - w i l l  be low and standard equipment can be used. 
quakes and major accidents should o t  be a problem wi th  proper design 
back-up system w i l l  be required f o r  emergencies when the disposal equipment 
f a i l s ,  and when the primary disposal i s  not used.. 

Ld 
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A i r  po l l u t i on  may be a problem since most o f  the dissolveG gases and some 
water vapor w i l l  be released. Noise should not present a problem dur ing normal 
oper a t  i on. 

Total substances w i l l  have t o  remain low f o r  t h i s  disposal method t o  be 
usable. 
be done to  insure tha t  the t race amounts o f  t ox i c  mater ia ls are not 
concentrated over a per iod o f  time. L i t t l e  or no s o l i d  waste disposal should 
be involved w i th  the method. The po ten t ia l  f o r  land subsidence w i l l  be the 
same as f o r  a l l  surface disposal systems. This w i l l  depend on the geology o f  
the area. Those s i t e s  t h a t  use only par t  o f  the l i q u i d  and i n j e c t  the remain- 
der should have less po ten t ia l  f o r  subsidence. 

If the secondary use i s  agr icu l tu re  o r  aquaculture, monitoring should 

Concl us i ons 

Secondary uses o f  geothermal l i q u i d s  are ,po ten t ia l l y  useful  i n  par ts  o f  
the a r i d  west where water supplies are short, o r  where the  ex i s t i ng  ground 
water i s  not potable. The disposal method i s  techn ica l l y  feas ib le  and could 
f i n d  appl icat ion i n  lower flow, nonelect r ica l  s i tuat ions.  

8.2.5 In jec t i on  a t  the Producing Horizon 

Techni cal  Eva1 uat i on 

From a technical  standpoint, i n jec t i on  a t  the producing horizon appears 
t o  be a feas ib le  form o f  disposal and i s  being used a t  some o f  the major 
power-producing s i t e s  around the world: Ahauchapan, Larderel lo, and The 
Geysers. 
a t  Otake and Hatchobaru, where the enthalpy of some production wel ls was 
lowered. 
degrees o f  success. The in jec t i on  pump i s  the one new component t h a t  i s  
required f o r  t h i s  method, even though the f l u i d  chemistry may requ i re  t h a t  
corrosion res i s tan t  mater ia ls be used i n  the disposal system. The design o f  
the i n j e c t i o n  wel l  must be adequate t o  withstand the maximum i n j e c t i o n  pressure 
and consideration must be given t o  requirements f o r  hydrofractur ing and/or acid 
in ject ion.  

I n jec t i on  o f  cooler waste f l u i d s  can cause problems, such as occurred 

In jec t i on  has been t r i e d  a t  most other geothermal s i t es  w i t h  varying 
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L, 
The geology and hydrolog r e  probably the mos r t a n t  fac to rs  t o  be 

considered. I n j e c t i o n  must be i n t o  formations tha t  have s u f f i c i e n t l y  high 
permeabi l i ty  t o  handle very large volumes o f  water and also are f a r  enough from 
producing wells t o  avoid ea r l y  i n te rac t i on  w i th  the production wells. The 
in jec ted  f l u i d s  w i l l  have a low temperature and d i f ferent  chemistry than when 
they were extracted. These physical and chemical changes i n  the f l u i d s  
usua l ly  increase the p r o b a b i l i t y  o f  sca l ing and plugging, condi t ions which tend 
t o  be more severe i n  some formations than others. A t  the present time, there 
i s  no t e s t  method t h a t  can accurately character ize the react ions between the 
in jec ted  f l u i d s  and the receiv ing formation. Mechanical scrapers are used * 
sometimes t o  remove scale from i n j e c t i o n  wells. Acid i n j e c t i o n  i s  a lso used 
t o  extend the l i f e  o f  i n j e c t i o n  wells. 

n teract ion between the u t i l i z a t i o n  process and the disposal 
system appears when the i n j e c t i o n  wel ls  or  pumps s t a r t  t o  p lug and cannot han- 
d l e  the required flow. Therefore, a temporary back-up system or standby 
i n j e c t i o n  we l l  i s  required. 
takes place too close t o  the product regions and the in jec ted  water cools 
the production wel l .  The minimum d i  duct ion and i n j e c t i o n  
wel ls  a t  Otake i s  150 meters, which doe be adequate. (52) The 
appropirate distance w i l l  vary a t  each s i te .  Bodvarsson (25) proposed a min- 
imum distance o f  600 t o  900 meters i n  h i s  study o f  the i n j e c t i o n  o f  l i q u i d  
wastes i n  the Imperial  Valley, C a l i f o r n i  
f rac tu re  zones extend i n t o  other aquifers ers. Contamination of 
other aqui fers can also r e s u l t  f r o  
o f  the i n jec ted  f l u i d  w i l l  be requ 

Interackion can a lso occur when the i n j e c t i o n  

blems can also occur where 

Careful monitor ing 
red ic ted  movement of 

be a t  as high a temperature a 
an economic heat removal, t o  reduce the sca l ing  and po ten t ia l .  A t  

example, i t  was found tha t  i n j e c t i o n  could take 
e i n j e c t i o n  temperatures 

I n  another case a t  Hatchobaru, Japan, 
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6OoC and plugging was causing a 6 percent decrease i n  f low per year. It was 
decided t o  use some o f  'the heat i n  the water f o r  space heating, and a heat 
exchanger was ins ta l l ed  on the waste-f lu id l i n e  from the main power plant. 
Consequently, the temperature o f  the in jected water dropped from 60 t o  4OoC 
and the plugging r a t e  o f  the wel ls  promptly increased from 6 t o  25 percent per 
year. (52) 

Useful by-products are possible using an i n j e c t i o n  process, e i t he r  from 
the u t i l i z a t i o n  o f  the concondensible gases o r  from the ext ract ion o f  minerals 
from the f l u ids .  Temporary storage i n  ponds or tanks where p rec ip i t a t i on  o f  
the usefu l  products can take place i s  required. However, ext ract ion o f  usefu l  
by-products probably w i l l  also decrease w i th  f l u i d  temperature and may also 
r e s u l t  i n  a disposal problem from the unwanted s o l i d  wastes. The r e l i a b i l i t y  
o f  systems i s  determined p r imar i l y  by the r a t e  o f  plugging, scaling, and cor- 
rosion, which may occur r e l a t i v e l y  s lowly  but  not always predictably.  Con- 
sequently, h igh r e l i a b i l i t y  may not be obtainable a t  many si tes.  

Economic Evaluation 

In jec t i on  costs ar ise from two components: 

1) p ip ing  and pumping system t o  de l i ver  the l i q u i d s  t o  the  
and 

2) the i n jec t i on  wel ls  and i n j e c t i o n  pump. 

n jec t i on  s i te ,  

A t  The Geysers, i n j e c t i o n  costs were reported i n  1977 t o  be 0.5 m i l l s /  
kWh.(122) This cost resu l ts  from a contractual agreement between Union O i l  
Company and PG&E and does not r e f l e c t  actual production costs, but  we assume 
t h a t  it i s  high enough t o  cover the actual disposal costs incurred. The 
i n j e c t i o n  cost a t  The Geysers i s  r e l a t i v e l y  low because the h igh energy content 
o f  the vapor-dominated resource makes i t  possible t o  generate power a t  very low 
steam f l ow  rates, on the order o f  9 kg/kWh. Assuming 75% o f  the steam i s  l o s t  
i n  the cool ing towers, the costs are about 220 m i l l s  per 1000 l i t e r s .  Flow 
rates required t o  generate e l e c t r i c i t y  from 1 iquid-dominated systems could be 
a t  least  an order o f  magnitude higher, depending on the temperature o f  the 
resource . 
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V 

Defferding and Walter p o r t  the costs o f  ect ion disposal, with- 
out treatment, i n  1976 dol 
b inary f a c i l i t y  a t  Heber (182OC, 6.9 x 10 lb /hr  br ine f low) t o  be approx- 
imately 6.8 mills/kWh, o r  about 19% o f  the estimated t o t a l  cost o f  power, based 

r the l i q u i d  wast 
6 

om a 50-MWe hypothetical 

on estimates prepared by the Ben Hol t  Company. (123 1 

TRM(114) has also calculated i n j e c t i o n  costs f o r  geothermal l i q u i d  waste 
disposal as a func t ion  o f  f l u i d  i n j e c t i o n  r a t e  per w e l l ,  and t o t a l  waste f l u i d  
f low rate. I n  1977 dol lars,  t h e i r  cost estimates ranged from $10 per 1000 
l i t e r s  on a small 590 kg/hr system w i t h  low i n j e c t i o n  rates, t o  15 m i l l s  per 
1000 l i t e r s  on a large 60 x 10 kg/hr system w i th  the in jecton ra tes  o f  
approximately 8,000 l i t e r s  per minute per wel l .  

The GEOCOST (124) model was used t o  estimate the cost o f  an i n j e c t i o n  
system f o r  a 50-MWe flashed steam p lan t  (4.2 x l o6  kg/hr in jected).  The 
disposal cost  ( i n  1977 do l l a rs )  was 11.49 mills/kWh, o r  about 25% o f  the e s t i -  
mated t o t a l  cost  o f  power. This cost estimate was based on br ine produced a t  
190°C w i t h  no treatment p r i o r  t o  in ject ion.  Bodvarsson (25) calculated the 
i n j e c t i o n  costs versus i n j e c t i o n  prossure f o r  a theoret ica l  power p l a n t  a t  East 
Mesa. Assuming an i n j e c t i o n  pressure o f  400 psig, the cost estimates varied 
from 11 t o  16 mills/kWh (120 t o  185 m i l l s / 1 0 0 0 k )  depending on which rese rvo i r  
model das used. One reservo i r  model requires 20 i n j e c t i o n  we l ls  f o r  a 50-MW 
plant, and the other required 10 i n j e c t i o n  wells. If the i n j e c t i o n  pressure 
increases t o  800 psig, the costs r a i s e  t o  21 and 28 mills/kWh (210 and 

6 

280 mi11s/1000 a ) .  , *  

The need t o . s a t i s f y  ce r ta in  legal  c r i t e r i a  may be a prime motivator f o r  
the development o f  i n j e c t i o n  systems. I n  some areas, s t r i c t  environmental and 
p o l l u t i o n  laws may preclude any other form o f  disposal However, in ject ion,  i s  ) 
not without i t s  legal  problems. The primary problems are associated with the  
po ten t i a l  f o r  contamination o f  freshwater aqui fers and the p o s s i b i l i t y  o f  com- 
munication o f  contaminants t o  surface springs o r  streams. The use o f  avai lable 
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well design procedures and the correct  ins ta  
prevent contamination o f  freshwater aqui fers 
producing horizons. 

l a t i o n  o f  the w e l l  casing should 
and conf ine the i n j e c t i o n  t o  the  

I n  Japan, there has been concern tha t  the production o f  geothermal f l u i d s  
wi thout i n j e c t i o n  may cause loca l  hot springs, which are often used as hea l th  
resorts, t o  d ry  up. Simi lar  problems do occur i n  the U.S. There i s  a great 
concern over the  geysers and mud pots i n  Yellowstone P , and deep d r i l l i n g  
a t  the geothermal s i t es  several mi les outside o f  the park has been res t r i c ted .  
I n jec t i on  i n t o  the producing formations tends t o  be the disposal technique tha t  

I w i l l  cause the leas t  legal  impact. 

Environmental and Safety Evaluation 

With respect t o  safety  and environmental considerations, disposal by 
i n j e c t i o n  i s  considered one o f  the be t te r  systems. Safety problems are pos- 
s i b l e  since the water may need t o  be pressurized t o  greater than 400 ps ig  f o r  
in jec t ion .  The t o x i c  contaminants, however, are returned t o  the geothermal 
reservoir .  Although the system i s  subject t o  f a i l u r e s  due t o  accidents, such 
as pipe rupture, the disposal system can be designed w i t h  back-up systems and 
a l ternate i n jec t i on  wel ls  t o  achieve r e l i a b i l i t y  and safe operation. Berms can 
be placed around p lants  t o  c o l l e c t  and d i v e r t  any accidental s p i l l s .  

Assuming tha t  the f l u i d s  are returned t o  the producing horizon, no plan- 
ned a i r  or  water p o l l u t i o n  resu l t s  from t h i s  form o f  disposal system. During 
those times when the power p lan t  i s  shut down and flow from the production 
wel ls  must be maintained, d i r e c t  f l ow  t o  the i n j e c t i o n  wel ls  can be made v i a  
bypass l ines,  thereby al lowing planned shutdown o f  production wells. The geo- 
thermal f l u i d s  may be taken d i r e c t l y  from the s i lencer  o r  from the temporary 
storage pond f o r  i n j e c t i o n  a t  high temperatures. 

I n j e c t i o n  i s  not a source o f  noise p o l l u t i o n  except dur ing the d r i l l i n g  
and clean-out o f  i n jec t i on  wells. The primary sources o f  noise p o l l u t i o n  dur- 
i ng  production come from the production wel ls  and the cent r i fuga l  separators. 

Some concern has been expressed tha t  i n j e c t i o n  may induce seismic events, 
as has occurred with l i q u i d  waste disposal i n  other indust r ies.  Since i n jec -  
t i o n  takes place a t  or near hydrostat ic  head pressures i n t o  formations t h a t  d. 
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have high permeabil i ty and an e x i s t i n g  convection o f  geothermal f l u i d s ,  the 
p r o b a b i l i t y  o f  i nduc ing ' s ign i f i can t  seismic events i s  very low. 
seismic monitoring a t  a l l  geothermal plants around the world i s  r o u t i n e l y  being 
done and only minor disturbances have been reported t o  date. 

I n  any case, 

Land subsidence can be induced by withdrawal o f  geothermal f l u i d s  i n  large 
quan t i t i es  i n  c 

po r t i on  o f  the withdrawn' f l u i d s .  However, natural  land subsidence may occur 

Monitoring o f  land subsidence should be done r o u t i n e l y  a t  a l l  geothermal power 
i n s t a l  1 a t  ions. 

ations. I n j e c t i o n  o f  the waste f l u i d s  i n t o  the pro- 
ns w i l l  tend t o  prevent land subsidence by replacing a large pro- 

regions and cause problems w i th  p ip ing and surface i ns ta l l a t i ons .  

Concl us i ons 

or izon i s  a popular me.thod which 
he method i s  t echn ica l l y  feasible,  
owever, there are po ten t i a l  pro- 

gging o f  i n j e c t i o n  wells, 
and l e g a l l y  and envi r  
blems such as i n t e r f e  
and contamination o f  s 

The ' legal, environmental and sa fe ty  c r i t e r i a  are essen t ia l l y  the same as 
those discussed f o r  i n j e c t i o n  a t  a producing horizon. Consequently, on ly  the  
technical  and economic eval ns are presented. here ect ion a t  a non- 
producing horizon . 

I n j e c t i o n  a t  a nonproducing horizon has been t e s t  
production reservo i rs  t h a t  are h i g h l y  fractured, passa 
t o  the production wel ls can e a s i l y  occur. This i a f l ow  o f  l i q u i d  can quench the 
wel l  o r  a t  l eas t  reduce the enthalpy of he f l u i d .  A t  s i t e s  with f rac tu red  o r  
h'ighly fau l ted reservoirs, i n j e c t i o n  o i qu ids  outside the producing reservo i r  
should be considered. This disposal method i s  being proposed f o r  the power 
p lant  i n s t a l l a t i o n  a t  Roosevelt Hot Springs. A sixmonth t e s t  o f  a production 

Id 
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wel l  and i n j e c t i o n  i n  a nonproducing horizon was recen t l y  successful 
p le ted a t  RooseveR Hot Springs. Wells ,were d r i l l e d  i n  the v i c i  
i n jec t i on  wel l  t o  monitor the movement on f l u i d .  I n  E l  Salvador, 
the technique was t r i e d  but was not SUC e o f  1 ow permeabi 1 i ty. (53) 

The mater ia ls  or  system components t h a t  are requi red f o r  t h i s  technique 
rmation. The are s imi la r  t o  those required f o r  i n j e c t i o n  i n t o  a producing 

primary technical  d i s t i n c t i o n  between i n j e c t i o n  a t  a producing horizon versus 
a nonproducing horizon i s  the need t o  insure a physical  b a r r i e r  between the 
production and the i n j e c t i o n  wells. Environmentally, i n j e c t i o n  i n t o  the non- 
producing horizon w i l l  provide less subsidence con t ro l  than i n j e c t i o n  i n t o  the 
producing horizon and there w i l l  be the problem o f  reservo i r  depletion. 

Economic Evaluation 

In jec t i on  i n t o  a nonproducing formation can be accomplished by l a t e r a l l y  
loca t ing  the  i n j e c t i o n  wel ls  outside the production zone o r  by i n j e c t i n g  i n t o  
a zone tha t  i s  v e r t i c a l l y  separated from the production zone. The costs w i l l  
be much less f o r  the v e r t i c a l l y  separate zones, but  problems may a r i se  because 
impermeable zones are not always continuous. Those s i t e s  t h a t  requi re  l a t e r a l  
separation w i l l  have both the added cap i ta l  cost  o f  the  addi t ional  piping, 
which could be several mills/kWh, and the added operating cost f o r  pumping.the 
f 1 uids. 

Conclusions 

This method i s  techn ica l l y  feasible,  but  i s  expected t o  be used p r i m a r i l y  
where the producing zone i s  h i g h l y  f ractured, and i n j e c t i o n  i n t o  t h a t  zone 
could degrade the resource. 

8.2.7 Treatment and I n j e c t i o n  

Techni ca l  Eva1 uat  i on 

Disposal systems t h a t  t r e a t  the waste water p r i o r  t o  i n j e c t i o n  have been 

1) 

J 

considered a t  most s i tes.  The two primary mot ivat ions f o r  treatment are: 
the removal o f  s i l i c a  and other contaminants t h a t  tend t o  p lug the i n j e c t i o n  
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well or receiv ing formation and reduce i t s  useful l i fe t ime;  and 2) the remova 
u 

o f  useful  by-products. L i t t l e  
able, but  treatment o f  i n jec te  

because o f  the much l a r g  volume of f l u ids  t o  be handled a t  the geothermal 
s i tes,  and because the  geology o f  the o i l  basins i s  general ly considerably 
d i f f e r e n t  from t h a t  o f  the geothermal basins. These treatments have been d i s - .  
cussed i n  the  evaluation o f  treatment and discharge t o  surface water. 

erience i n  the geothermal indust ry  i s  ava i l -  
u ids i s  common i n  

i o f  t h i s  experience can b ransferred t o  geothermal indu 

1 ~ 

Economic Eva1 uat i on 

Bodvarsson (25) estimated the cost o f  i n jec t i on  f o r  a power p lan t  i n  the 
Salton Sea Area, f o r  both t reated and untreated f l u i d s  from the upper reser- 
voir .  The estimates d id  not include the cost o f  treatment. For i n j e c t i o n  a t  
400 psig, the costs were 5 and 7.5 mills/kWh (90 and 130 m i l l s /  1000 l i t e r s )  
f o r  t reated and untreated, respect ively.  Quong (lo) estimated t h a t  treatment 
o f  Salton Sea f l u i d s  would cost  about 2 mil l i /kWh. These cost  estimates are 

igher permeabi l i ty  and the 
lower volume per kWh. Disposa the treatment p lan t  are not  
included, but could be substantla1 f o r  high-TDS l iqu ids .  

i 
I 

' lower than the one f o r  East Me 

Legal and I n s t i t u t i o n a l  Evaluat ion,  

Legal c r i t e r i a  are essen t ia l l y  the same f o r  t h i s  system as f o r  the prev i -  
ous two i n j e c t i o n  systems. Comparisons be systems would e x i s t  on ly  
on a s i te-by-s i te  basis. 

l y  the same for t h i s  system 
treatment involves hand1 - ' as f o r  the  previous two systems, unless t h  

i ng  hazardous mater ia ls or the release o f  t o x i c  gases or f l u ids .  Since the 
system may be considerably m 
safety  and environmental c r i  
s i t e  basis. Many o f  the treatments, such as se mentation and f i l t r a t i o n ,  w i l l  
produce s o l i d  wastes t h a t  w i l l  have t 

e 

complex than the simple i n j e c t i o n  system, the  
i a  should be care fu l l y  considered on a site-by- 



Conc 1 us i on 

Treatment before inject ion may be necessary where scaling and plugging o f  
the receiving formation i s  a problem. The big factor  w i l l  be t o  keep the 
treatment cost low. 
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9.0 RESEARCH NEEDS 

During the review and evaluation o f  the various disposal methods f o r  geo- 
thermal l i q u i d  wastes, several areas requ i r ing  addi t ional  research have been 
ident i f ied. (a)  These areas include: 

a more deta i led cost analysis o f  disposal systems (especia l ly  t rea t -  
ment systems) 

t race- impuri ty cleanup o f  waste waters from f luor ides,  arsenic, o r  
boron 

economical and r e l i a b l e  monitoring and detect ion o f  pond leakage 

i d e n t i f i c a t i o n  and evaluation o f  disposal areas f o r  s o l i d  wastes 
generated during waste treatment 

study o f  long-term e f fec ts  o f  discharge i n t o  the ocean 

development o f  a tes t  t o  determine the compat ib i l i t y  o f  the waste 
f l u i d s  and the receiv ing reservo i r  

development of a method t o  monitor the f low patterns o f  in jec ted  
f l u i d s  i n  the receiv ing reservoir .  

Two long-range projects include: 
a. 

b. 

development o f  a method or probe t o  determine the i n t e g r i t y  o f  
the well cement . 
development o f  methods ( in ,  the reservo i r  engineering 
t o  p red ic t  o r  i d e n t i f y  formations t h a t  can accept large quanti- 
t i e s  o f  f l u i d s  over a long per iod o f  time. 

(a) The research needs t h a t  are l i s t e d  here are not intended t o  be a l l  
inclusive,  but ra ther  i so la te  a few pro jects  t h a t  can have short_t ime 
impact on some o f  the geothermal s i t e s  t h a t  are under development. 
Other ongoing programs t h a t  w i l l  have an impact on the waste disposal 
systems programs are: mater ia ls  research; wel l  logging, 
s t imulat ion and cementing; and subsidence and reservo i r  engineering. 
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9.1 COST ANALYSIS 

Computer models can be used to predict some of the costs of liquid efflu- 
ent disposal, such as piping runs and pumping costs. Other data are available 
to estimate pond sizes and costs. The treatment costs have been primarily 
estimated from municipal waste plants. 

What is Needed 

Researchers need to take site-specific data from a few geothermal sites 
(4-6) that are prime candidates for development in the next 10 years, and 
develop flow sheets for waste disposal systems. Using the above data, they 
must develop more detailed and accurate cost estimates and determine the effect 
of geothermal waste disposal on power costs. 

9.2 TRACE IMPURITY CLEAN-UP 

A number of the lower-temperature geothermal reservoirs are usable for 
direct heating or process heating and are clean enough for discharge to surface 
waters except for one or more trace impurities. These impurities can include 
fluorides, arsenic or boron. 
would permit the use of less expensive disposal methods. 

The reduction or removal o f  these impurities 

What is Needed 

Researchers must develop low-cost methods to remove trace impurities from 
low-saline geothermal 1 iquids. 

9.3 MONITOR FOR POND LEAKAGE 

Ponds are used at almost all geothermal installations for holding drilling 
muds during well testing, and many times as emergency back-up systems. The use 
of ponds for disposal could increase if there were a better method to detect 
leaks before they damage the nearby ground or surface waters. 
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What is Needed 

Geothermal operators need a-low cost, reliable method for early detection 
of leaks from holding or evaporation ponds. 

9.4 SOLID WASTE DISPOSAL SITES 

Injection of high salinity fluids will most likely require some waste 
treatment. This treatment will probably generate solid wastes. The volume of 
these solids will depend on the fluid, but can be very significant. Long-range 
trucking of the wastes to 'a disposal du is expensive 

What is Needed . 

A study is needed to identify and evaluate potential solid waste disposal 
sites near the geothermal areas that might be developed in the next 10 years. 

9.5 

uids into the oc is a potential 
option, especially in the Gulf Coast area. 

What is Needed 

A study is needed on the long-term effects on discharging thermal m- 
uids into the ocean. A cooperative effort with El Salvador and Mexico could 
provide some of this information, since these countries are presently dis- 
charging into saltwater. Existing cooperative projects may need to be modified 

tion. 

Injection of fluids into a deep reservoir is sometimes restricted or 
blocked by react 
injected water . receiving formation or formation water and the 
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What is Needed 

Scientists need to develop a small-scale test, maybe using core samples, 
that can determine disposal parametkrs, such as minimum injection temperatures 
or maximum delay time. The test can also be used to determine the extent of  
cleanup that is necessary for long-term injection. 

9.7 INJECTED FLUID TRACER 

Subsurface injection of large quantities of fluids is faced with the pro- 
blem of not knowing where the fluid is going.' Flow patterns will proceed out 
from the injection well in the path of least resistance,'generally towards the 
production wells. Radioactive tracers are used on a limited basis, but they 
can create problems of their own. 

What is Needed 

A method to monitor the movement of the wave front or the injected fluids 
is needed. Nonradioactive tracers that are detectable at low levels may be 
usable . 
9.8 LONGER RANGE PROJECTS 

We need to develop a method or a logging tool that can measure the 
integrity o f  the well cement. This is needed to prevent acquifer 
contamination caused by deterioration of the cement. 

o Also, we need to include in the reservoir engineering program studies 
directed at developing surface measurements to locate acquifers, 
which will accept large injection flows for an extended period of 
time. 

The geothermal industry is developing at an increasing pace. New power 
plants are under construction, new geothermal fields are being tested for 
potential production, and a number of processor direct-heat applications are 
under development. Also, changes are occurring at The Geysers, where waste 
disposal is affected by the HZS treatments. With all of this activity, 
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there is a need for a central laboratory to gather and periodically disseminate 
pertinent information on waste disposal at these sites. This information would 
be very useful to companies that have geothermal installations under design, 
development or modification. The laboratory could become an information source 
that would be available to potential users o f  geothermal energy. 



1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8 .  

9. 

10 . 
11. 

12. 

13. 

REFERENCES 
7 

L. J. P. Muffler, Assess of Geothermal Res es of the United 
States--1975. 

J. McWi 1 1  iams, "Large Sal twater-Di sposal Systems of East Texas and 
Hastings Oil Fields, Texas." Proceedings of Underground Waste Management 
and Environmental Imp1 ications Conference, 1972. 

M. H. Dorfman and W. E. Boyd, "Testing and Sampling Procedures for a 
Geopressured Well . 'I Proceedings Invitational We1 1-Testing Symposium, 
October 1977. - 
L. 3. P. Muffler, "Geothermal Resources in United States Mineral 
Resources.ll U. S. Geological Survey Professional Paper 820, pp. 251-261, 
1973. 

Journal of American Water Works Association 

U.S. Geological Survey Circular 790, 1979. 

\ 

- 54(5):519, 1962. 

J. G. Douglas et al., Geothermal Water and Gas-Collection Methods 'for 
Sampling and Analysis. 
tories, Richland, WA, August 1972. 

BNWL-2094, Battelle, Pacific Northwest Labora- 

R. C. Axtmann, An Environmental Study of the Wairakei Power Plant. 
P.E.L. Report No. 445, New Zealand Department of Scientific and 
Industrial Research, Lower Hutt, New Zealand, 1974. 

R. C. Schmitt and H. B. Peterson; "Utilizing Raft RSver Geothermal Water 
for Irrigation." Geothermal Resource Council Transactions, Vol. 1, May 
1977. 

D. W. Shannon, 3. R. Morrey, and R. P Smith, "Use of a Chemical Equilib- 
rium Computer Code to Analyze Scale Formation and Corrosion in Geothermal 
Brines." Paper No. SPE 6592, 1977 SPE-AIM€, International Symposium on 
Oilfield and Geothermal Chemistry, Jolla, CA, June 19 

R. F. Quong, et al. "Processing of Geothermal Brine Effluents for Injec- 
tion," Geothermal Resources Counci I, Transactions. Vol 

I 

E. Herrin, A Feasibility Study of Power Production from Overpressured 
Reservoirs. Final Report ARPA No. 2184, August 1973. 

S. S. Papadopulos, R. H. Wallace, Jr., 3. ,Bo Wesselman and R. E. Taylor, 
Assessment of Onshore Geopressured-Geothermal Resources in the Northern 
Gulf of Mexico Basin. U.S. Geological Survey Circular 726, 1975. 

G. K. Underhill et al., "Surface Technology and Resource Utilization." 
Vol. IV: Proceedings of the Second Geopressured Geothermal Energy Con- 
ference, University o f  Texas, Austin, TX, February 1976. 

Ref .1 



. 

I . .  

. -  

I 

i 
! ,  

14. 

14. 

15. 

16. 

17 , 

18. 

19. 

20. 

21. 

22 . 
23. 

24. 

25. 

B. C, Cfaf t ,  W. R. Holden and C. D. Graves, Jr. Well Design, D r i l l i n g  
and Production. Prentice-Hall, Inc. , Englewood C l i f f s ,  NJ, 1972. 

6. C. Craft, W. R. Holden, and C. D. Graves, Jr., Well Design, D r i l l i n g  
and Production. Prentice-Hall, Inc., Englewood Cl i f fs ,  NJ, 1972. 

N. D. Dench, "Silencers f o r  a Geothermal Bore Discharge," Proceedings o f  
the United Nations Conference on New Sources o f  Energy, Rome, I t a l y ,  
Vol. 3, Geothermal Energy, August 1961. 

P. Bangma, "The Development and Performance a t  a Steam-Water Separator 
f o r  Use on Geothermal Bores," Proceedings o f  the United Nations Confer- 
ence on New Sources "of Energy. Rome, I t a l y ,  Vol. 3, Geothermal Energy, 
August 1961. 

C. F. English, "Methods and Equipment a t  The Geysers, Cali fornia," - Pro- 
ceedings of the United Nations Conference on New Sources o f  Energy. 
Rome, I t a l y .  Vol. 3, Geothermal Energy, August 1961. 

M. Nathenson and L. P. J. Muffler, "Geothermal Resources i n  Hydrothermal 
Convection Systems and Conduction-Dominated Areas," Assessment o f  Geo- 
thermal Resources o f  the United States - 1975. U.S.- 
C i rcu lar  726, 1975. 

V. N. Moskvicheva and A. E. Popov, "Geothermal Power Plant on the 
Paratunka River." United Nations Symposium on Development and U t i l i z a -  
t i o n  of  Geothermal Resources. Pisa, I t a l y ,  Geothermics, Special Issue 2, 
- 2(2), 1970. 

B. Lindal, " Indus t r ia l  and Other Applications o f  Geothermal Energy," Geo- 
thermal Energy. C. H. Armstead, Editor, UNESCO Press, 1973. 

Gunnar Bodvarsson, "Physical Character ist ics o f  Natural Heat Resources in 

I 

Iceland," Proceedings o f  the United Nations Conference on New Sources of 
Energy. Rome, I t a l y ,  Vol. 2, August 1961. 

S. S. Einarsson, "Geothermal D i s t r i c t  Heating," Geothermal Energy. C. N. 
Armstead, Editor, UNESCO Press, 1973. 

D. M. Storey, "Geothermal D r i l l i n g  i n  Klamath Fal ls,  Oregon." Geothermal 
Energy Magazine, - 2( 11) , November 1974. 

V. A. Stevovich, Geothermal Energy. DARPA Order No. 3097, Informatics, 
Inc. , November 1975. 

Gunnar Bodvarsson, "A Study o f  the I n j e c t i o n  o f  Geothermal L iqu id  Wastes 
w i t h  Appl icat ion t o  the Imperial Valley, CA." PNL-2771, September 1978. 

i 
Ref .2 



V 

bi 

26. Gunnar Bodvarsson, "Thermal 'Problems i n  the S i t i n g  o f  Rein ject ion Wells.11 
Proceedings o f  the  United Nations Symposium on the Development and U t i l i -  
zat ion o f  Geothermal Resources, Pisa, I t a l y ,  Gothermics Special Issue 2, 
- 1(2), 1970. 

ppmann, and P. A. Witherspoon, I1Production and 
Rein ject ion i n  a1 Reservoirs." Geothermal Resources Counci 1, 
Transactions. Vol. 1, May 1977. 

28. D. W. DeBer C. C. Thomas, I'Materials Selection Guide- 

27. Chin Fu Tsang, 

-3904-1, September 1978. 

Cracking o f  Carbon and A l l o y  

sion Control i n  Geothermal Sys- 
tems," Geothermal Energy - Earth Sciences l2, UNESCO, p. 151, 1973. 

A. Manon, Vor ros ion  Problems a t  the Cerro P r ie to  Geothermal Project." 31. 

32. Proceedings o f  the Second Workshop on Mater ia ls Problems f o r  Geothermal 
Enerav Svstems. El Centro. CA. Mav 16. 1975. 

. San 

3 

38. a 0. J. Vetter, laOi l f ie ld  Scale - Can We Handle It?" Journal o f  Petroleum 

39. o r t  SGP TR-12, P. Kruger 
r d  University, Stanford,-CA, 1975. 

Ref .3 



40. 

41. 

42. 

43. 

44. 

45 . 

46. 

47. 

48. 

49 . 

50. 

51. 

, 

R. L. Whiting, "Possible Effects of Geothermal Water and Steam Production 
in the Subsurface Environment." AIChE Symposium Series No. 136, Office 
o f  Saline Water, Dept. o f  Interior, Washington, DC, n:762-771, 1973. 

3. F. Mallna, Jr. and J. C. Moseley 11, "Disposal-Well Dimensions. 
Injection Rates and Cost Responses;" A Study of Geothermal Prospects in 
the Western United States. Final Report No. 28455-6001-RU-00, T R W  
Systems Group, Redondo Beach, CA, pp. 102 111, August 20, 1975. 

J.'C. Hollister and R. J. Weiner, "Geophysical and Geological Studies o f  
the Relationships Between the Denver Earthquakes and the Rocky Mountain 
Arsenal Well." Quarterly of the Colorado School o f  Mines, - 63(1), January 
1968. . -  

D. Evans, "The Denver Area Earthquakes and the Rocky Mountain Arsenal 
Well .It Mountain Geologist, - 3:23, 1966. 

3. H. Healy, et al., "The Denver Earthquakes." Science, l6l(3848), 1968. 

C. B. Raleigh, "Earthquakes and Fluid Injection." Symposium on Under- 
ground Waste: Management and Environmental, American Association o f  

L. 3. Defferding and R. A. Walter, l'Disposal of Liquid Effluents from 
Geothermal Installations.'' Geothermal Resources Counci 1 Transactions, 
July 1978. 

G. M. Carmeli and E. R. Carbelli. "Seismic Control Durino a Reinjection 
Experiment in the Viterbo Region-(Central Italy) .I' ProcGedings of the 
Second United Nations Symposium on the Development and Use of Geothermal 
Resources, San Francisco, CA, - 2: 1329, 1975. 
R. S. Bolton, "The Behavior o f  the Wairakei Geothermal Field Durins 
Exploration." Proceedings of the United Nations Symposium on the bevel- 
opment and Uti 1 itation o f  Geothermal Resources, Pisa, Italy, Geothermics, 
Special Issue 2, - 2(2), 1970. 

Russell James, "Optimum Well Spacing for Geothermal Power." Proceedings 
o f  the Second United Nations Symposium on the Development and Use o f  Geo- 

J. W. Hatton, "Ground Subsidence of a Geothermal Field During Explora- 
tion." Proceedings of the United Nations Symposium on the Development 
and Utilization cf  Geothermal Resources, Pisa, Italy, Geothermics, 
Special Issue 2, -2(2), - 1970. 

6. W. Coulter, "A Preliminary Appreciation o f  Effect on Aquatic Environ- 
ments of Geothermal Development in New Zealand." Geothermal Resources . 
Council, Transactions, 2, July 1978. 

1 

II 

Ref . 4 



Hayashi, T. Mimura, T. Yamaski, "Geolog 1 Set t ing  of Reinjection 
. Well i n  the Otake and t Hatchobaru Geotherma ield, Japan." Geother- 

53. 

mal Resources Council, Transactions, g, July 1978. 

S. S. Einarsson et al., "Disposal o f  Geothermal Waste Water by Reinjec- 

1, " T r i t i u m  Tracer Survey a t  
The Geysers." Geothermal Resources Counci 1 Transactions, 2, July 1978. 

56 . 
r i c  

57. 

58. 6. L. Lombard, "He Geothermal Demonstration Plant." Geothermal 
Resources Council, Transactions, 1: 195-196, May 197 

11 s." Geothermal Energy 

. Gene Collins Bart lesvi 11 e Energy 
Research Center, o., Amsterdam, 1975. 1 

I .  



I 

65 . 

66 . 

67 . 

68. 

69. 

70 . 

71. 

72. 

73 . 

74 . 

75. 

76 . 
L 

Earl C. Dona1 son, HInjection 'Wells a 
of Underground Waste Management and Environmental Imp1 ications +m, 
Memoir 18, American Association of Petroleum Geologists, Houston, TX, 
1972. 

Operations Today.". Proceedin s 

Sam S. Taylor, C. J. Wilhelm and W. C. Holleman, Typical Oilfield Brine - 
Conditioning Systems: Preparjng Brine for Subsurface Injection. R. 1. 
3434, U.S. Department of the Interior, Bureau of Mines, January 1939. 

Sidney L. Phillips, Ashwani K. Mathur, and R 
Brine Treatment for Geothermal Fluids. EPRI ER-476, Lawrence Berkeley 
taboratory, Berkeley, CA, Janu 

er, A Study of 

. ., cr~-ouu//-/u-iui, inauswiai tnvironmenEai Kesearcn 
-atoryo 

Larry G. Cox and Kenneth E. Taylor, "Reliability Design in Saltwater 
Disposal and Inspection Facilities." Paper N.71, PET 8, 26th ASME 
Petroleum Mechanical Engineering, September 1971 . 
0. C. Baptist and S. A. Sweeney, Effect of Clays on the Permeability of 
Reservoir Sands to Various Saline Waters, Wyoming. EDP-760039554, 
TIC 009000, U.S. Bureau of Mines, Laramie, WY, May 1958. 

Calvin Woods, "Contamination of an Aquifer by Saltwater Injection." 
Proceedings of the 29th Industrial Waste Conference, ERA-01 : 026500/ 

W. F. McIllhenny, "Extraction o f  Economic Inorganic Materials from Sea 
Water." Chemical Oceanography, Vol. 4, J. P. Riley and 6. Skirriew, ed., 
Second Edition, Academic Press, 1955. 

EDB-76-076569, 1974. 

A. 6. Collins and M. C.,Crocker, "Exploitation o f  Minerals in Disposal 
Brines." Society of Petroleum Engineers of AIME, SPE 3453 Annual Fall 
Meeting, New Orleans, LA, October 1971. 

Earl C. Donaldson, Rex D. Thomas and Kenneth H. Johnston, Subsurface 
Waste Injection in the United States - Fifteen Case Histories. IC 8636, 
Bartlesville Energy Research Center, Bartlesville, OK, 1972. , 

Ronald D. Sadow, 'Pretreatment of Industrial Waste Waters for Subsurface 
Injection." Proceedings of Underground Waste Management and Environ- 
mental Implications Symposium, Memoir 18, American Association of 
Petroleum Geologists, Houston, TX, 1972. 

D. Weinstein, T. J. Gordon, and F. Maslan, "Legal Aspects of Geotherinal 
Energy Development .I' Proceedings: Second United Nations Symposium on 
the Development and Use of Geothermal Resources, San Francisco, CA, May 
1975. 

Ref .6 



Federa 1 Water 
Water Act of 

ended by the Clean 

C 1209 (E.D. Tenn. 1976). 

Safe Drinking Wa 

Safe Drinking Water 

Safe Drinking Water Act o 

Resource Conserv f 1976, 42 U.S.C. 3001 and 
3008 (1976). 

974, 42 U.S.C. 300h (1974). 

Reg. 36730 (1976). 

Reg. 23738 (1979) . 

ns, 43 Fed. Reg. 58946 (1978). 

w 
77 . 
78 . 
79 . 
80. 

81 . 
82. 

03. 

84 . 
85 . 
86. 

87 . 
88. 

89 . 
90 . 
91 . 

92. 

Toxic Substances and Control Act of 1975, 15 U.S.C. 
(1975) . 2601 Z.(a)(2) 

ermal Steam Act of 1970, 30 U.S.C. 530 and 1001 (1970). 

C. Warren. %alifornia Geothermal Re rces - How Well Are We Doing?" 
Proceedings: Second United. Nations Symposium on the Development and Use 
of Geothermal Resources, San Francisco, CA, May 1975. 

lifornia Admin Code, Natural sources Code 17, Tit le  14. 

Por ter-Col og ne Water 
1, 4, and 7 (1976). 

ia,  Sections 

93. i o  ons 73-14-1 t o  73-14-13, 

94 . Hanson, "Water Conf 1 i c ewpoint of a Regdlator." Pre- 

City, Utah, January 28-29, 

1953 (Amended 1969), 1973. 

nted a t  the Geothqmal 
Mountain Mineral Law Founda 
1977. 

lopment Insit i tute,  Rocky 



95. 

96. 

97. 

98. 

99 

100. 

101 

102. 

103. 

104. 

105. 

106. 

107 

108. 

109. 

110. 

111. 

112. 

Idaho Code, Idaho Geothermal Resources Act, Sections 42-4001 anf 42-4002 
( 1972 ) . 
D r i l l i n g  f o r  Geothermal Resources. Department o f  Water Res 
Boise, Idaho (1975). 

Water Q u a l i t y  Standards and Wastewater Treatment Requirements. Idaho 
Department o f  Environmental and Community Services (1973). 

New Mexico Water Q u a l i t y  Act, Section 75-39-4. 

Amended New Mexico Water Q u a l i t y  Control Reguations (1977) . 
Water Q u a l i t y  Standards for I n te rs ta te  and In t ras ta te  Strams i n  New 
Mexico, adapted by the Water Q u a l i t y  Control Comnission on August 22, 
1973, F ina l  Revision February 8, 1977. 

Texas Statutes, Geothermal Resources Act o f  1975,'S.B. 685 (1975). 
I 

Rules Having Statewide General Applications t o  O i l ,  Gas, and Geothermal 
Resource Operations Within the State o f  Texas, Sections 051.02.02.00 - 
0.080, Texas Railroad Comnission (1976). 

C. K r e i t l e r ,  T. Gustavson, "Environmental' Concerns Ar is ing  f r o m  t h e  
Production and Disposal of Geothermal Waters.Ii Proceedings o f  the  Second 
Geopressured Geothermal Energy Converence, Un ivers i ty  o f  Texas a t  Aust in 
11976). 

Texas Water Code; Disposal Well Act, Chapter 22, Section 22.002(4) 
Disposal Wells (1971). 

R. H i l l ,  Subsurface Waste Disposal i n  Texas. Texas Watdr Q u a l i t y  Board, 

Texas Water Code, Chapter 21, Water Qual i t y  (1975) . 
R. Enright, "Oi l -F ie ld  Pollution." O i l  Gas Journal, - 61(21):76, 1963. 

R. Morrison, e t  a1 . , "Surface Disposal o f  Geothermal Brines," Geothermal 
Resources Concil, Transactions, Vol 1, May 1977. 

Louisiana Department of Conservation, Statewide Order 29-B, Section 15. 

E. Decker, I'Geothermal Resources, Present and Future Demand f o r  Power, 
and Legis la t ion i n  the State o f  Wyoming." The Geological Survey of 
Wyomi ng, March 1976. 

Pub. NO. 72-05 (19i2). 

Wyoming Statutes, Wyoming Ground Water Act, A r t i c l e  9, Sections 41-121- 
147 (1973). 

di "Rules and Regulations Governing the Issurance o f  Geothermal Resource 
Permits and Leases. 'I Wyoming State Board o f  Land Comni ssions (1975) . 

Ref .8 



V 

W 

113. 

114. 

115 . 
116. 

117 . 

118 . 
119. 

120. 

121 . 
122 . 
123 . 
124 a 

M. K. Lindsey and'P. Supton, Geothermal Energy - Legal Problems of 
Resource Development. Stanford Environmental 'Law Society, May 1975. 

R. Sung et at., "Preliminary Cos't Esthates of Pollution Control 
Technologies for Geothermal Developments," TRW, Redondo Beach, CA 
90278, December 1977 . 
J. R. Booth et al., Final Disposal of Effluent Brines from Inland 
Resulting Plants, Dow Chemical Co., May 1972. 

H. P. Rothbaun and B. H. Anderton, "Removal of Silica and Arsenic from 
Geothermal Discharge Waters by Precipitation of Useful Calcium Si1 5- 
cates." Proceedings of the Second United Nations Symposium on the 
Development and Use of Geothermal Resources, San Francisco, CA 
PP. 1417 -1425, May 1975. 

0. C. Christensen and A. L. Wong, "The Processing and Handling o f  Solids 
Generated During Geot h e m  
PNL-2769, September 1978. 

ell Preparations and Energy Re.covery," 

6. Cuellar, i'Behavio eothermal Waste Waters.Il Pro- 
ceedings of the Seco 
Dse.of Geothermal Resources, San Francisco, CA, May 1975. 

s Symposium on the Development and 

Sergio 6. Mercad "Cerro Prieto Ge 
Basic Protection." Proceedings of the Second United Nations Symposium 
on the Development and Use of Geothermal Resources, San Francisco, CA, 
PP. 1344 -1398, May 1975. 

'Wastewater Stabilization Ponds," Black and Veatch Consulting Engineers, 
Kansas City, MO, Prepared for Environmental Protection Agency, 1977. 

D. F. X. Finn, "1977 Steam Prices at The Geysers," Geothermal Energy, 
Vol. 3, Issue 2, March 30, 1977. 

"Energy Conversion and Economics for Geothermal Power Generation at 
Heber, UT; Valles, ,NM; and Raft River, ID," prepared by Holt/Procon for 
the Electrical Power Research Institute, EPRI ER-301, November 1976. 

H. D a  Huber, C. H. Bloomster, and R. Am Walter, "User Manual for 
GEOCOST: A Computer Model for Geothermal Cost Analysis," Battelle, 
Pacific Northwest Laboratories, Richland, WA 99352, November 1975. 

Ref .9 
1 



125. 

126. 

I 

127. 

128. 

129 . 

I 130. 

131. 

j 

I 

132. 

133. 

(ri 
D. W. Shannon e t  al., "Brine Chemistry and Combined Heat/Mass Transfer," 
EPRI ER-635, January 1978. 

C. H. Bloomster e t  al., "The Ahuachapan Geothermal Project: 
and Economic Assessment," Bat te l  le, P a c i f i c  Northwest Laboratories, 
Richland, WA 99352, A p r i l  1979. 

C. H Bloomster, R. Dippo, J. T. Kuwada, 6. F. Russel, "The Ahuachapan 
Geothermal Project: A Technical and Economic Assessment," Apr i  1 1979. 

D. Lollock, 1975. Ca l i fo rn ia  Department o f  Fish and Game Statement 
f o r  Hearing, Subcornittee on Geothermal Resources, State Lands 
Comission,I1 presented i n  Publ ic 'Hearing before the State Lands 
Commission Subcomnittee on Geothermal Resources, Los Angeles, September 
17, 1975, and i n  San Francisco, September 25, 1975. 

R. S. LeGore e t  al., 1975. "The Effects o f  Geothermal Energy 
U t i l i z a t i o n  on Stream B i o t a m d  Water Q u a l i t y  a t  The Geysers, 
California.Il F ina l  repor t  submitted t o  the Union Oil Company Geothermal 
Div is ion by Parametrix, In.c, Environmenta1.Services Section. -Document 

T. D. Palmer, J. H. Howard, 0. Plaude, "Geothermal Development o f  the 
Salton Trough, Ca l i fo rn ia  and Mexico,'I UCRL 51775, A p r i l  1975. 

0. Weres, K. Tsao, and 9. Wood. 1977. "Resource, Technology and 
Environment a t  The Geysers .@I Lawrence Berkeley Laboratory, Univers i ty  
o f  Cal i fornia.  LBL-5231. 

ec hn i ca 1 

C 75-0731-040FR. 

40 CFR 141. National In te r im Primary Drinking Water Regulations. 

F. L. LaQue, Marine Corrosion, John Wiley, New York, NY 1975. 

Ref. 10 



APPENDIX A 

EQUIPMENT' CORROSION AT GEOTHERMAL SITES 



EQUIPMENT CORROSION AT GEOTHERMAL SITES 

The severity of mat rgsion processes at geothermal sites may be 
expected to be strongly site-specific in view of the wide range of geothermal 
primary fluid compositions 1 ikely to be encountered with extensive exploita- 
tion of this resource. Corroslo 
details and the design accommodation to corrosion. When dealing with corro- 
sion situations 
fluids, theoret 
tions. This implies that onsite testing is crucial for successful selection 
of structural materials for geothermal plants and their disposal anci 1 laries. 

This appendix summarizes a few materials equipment observations reported 

ials evaluation has been underway for some.time. Tables A.1 through A.5 pre- 
sent some corrosion data for Cerro Prieto, Wairakei, Ni land and Hol tvi 1 le 

sponse also depends on equipment design 

ted than that presented by most geothermal 
weak for many critical material applica- 

for the Cerro Prieto and Wairakei sites, where relatively comprehensive mater- 

(East Mesa). 

CERRO PRIETO (A. 1) 

Well Casings 

No corrosi s been proved. 

Pitting an duction casing has been insignif- 
fluids; possibly also due to pro- icant due to low oxygen ‘content o f  

tective effect of Si02 ,deposits. 

where ground wa 

Galvanic corrosion has been obs face where two or more cas- 
ings have been coupled without adequate insulation; poor bonding between 
casings and cement can lead to galvanic corrosion at any depth. 

External and in rved close to the surface, 

A. 1 



TABLE A. 1 Corrosion Observations 
in Cerro Prieto Steam 
Source: A. Manon 
(Reference A. 1 ) 

CORROSION I N  NO#-MWTEO STEAM 

e r r o s l o n  P i t t i n g  
Matertal ra te ra te Corrosion rate change (days) 

12 C r  . 0.0100 0.024 0.0041 0.0085 0.0089 0.0127 0.0102 
12 Cr-H0-W 0.0040 0.024 0.0080 0.0011 0.0048 0.0039 0.0042 
1 Cr-Ho-0.25 V 0.0400 - 0.023 0.022 0.029 0.059 0.040 
3.5 WI-1.75 Cr-Xo-V 0.0160 0.120 0.017 0.014 0.011 O.OlE 0.016 
12 Cr-0.2 A I  0.01go - 0.0003 0.0051 0.0083 0.015 0.019 
I5 Cr-1.7 n0 0.0046 0:150 - 0.0023 0.0049 0.0041 0.0046 
I AI-1.5 Cr-0.25 No - 0.970 - - - - - 
Alumlnlum - - - - - - - 
ASTH A285 0.0400 - 0.110 0.051 0.046 0.040 - 

d y r  m/y r  30 60 .30 120 150 

CORROSION IWAERATED STEAM 

Corrosion P l t t l n g  
M a t e r h l  ra te  ra te  Corroslon ra te  change (days) 

12 C r  0.100 1.70 0.10 0.14 0.10 0.10 0.10 
12 Cr-Wo-I4 0.069 1.60 0.12 0.06 0.04 0.07 0.07 
1 Cr-Ro-0.25 V 0.210 - 0.50 0.28 0.20 0.14 0.21 
3.5 11-1.75 Cr-No-V 0.340 0.70 0.29 0.52 0.16 0.16 0.34 
I2 Cr-0.2 AI 0.110 - 0.06 0.15 0.09 0.10 0.11 
IS Cr-1.7 Xo 0.014 1.20 0.00 0.02 0.01 0.01 0.01 
1 AI-1.5 Cr-0.25 tb - 0.85 - - - - - 
Alumlnlwn 0.083 2.90 - 0.03 0.04 0.10 o.oa 
ASTM 0.065 - 0.18 0.12 - 0.10 0.06 
Deoxldlzed copper 0.510 - 1-03 0.91 0.66 0.52 0.51 

d y r  d y r  E 60 90 I20 t50 

Stelllte 16 0.057 2.70 0.18 0.12 - 0.10 0.06 

Won-aerated steam 
Pressure 
Tuaperaturc 
cot 
C I  
Hotsture t 

Pressure 
Tempera cure 
coz 
HZS. 
c1- 
t t d r t u r e  t. 

H2f 

berated steam - 1 atmosphere (14.7 Ib/lnz abs) - 70' c - 1.62 - 0.162 - 7Ppm - 0.72 

A. 2 



TABLE A.26. Corrosion Observations in 
Cerro Prieto Condensate ; 
Source: A. Manon 
(Reference A. 1 ) 

CORROSION I N  LOU VELOCITY CONDENSATE 

Corrosion Plt t ing 
I(rtcrIa1 rate rate Corrorton rate change (day;) 

Deoxldlxed copper 0.210 no p l t t lng  0.16 0.19 0.20 0.22 0.24 
Alumtnlum 0.001 1.16 0.00 0.13 0.02 0.08 0.00 

d y r  d y r  30 60 90 120 IS0 

&VJl  BfJSS 0.672 pit ti^ 0.11 0.12 c.11 0.08 0.07 

CORROSION I &  HIGH VELOCITY COtiDWMTE 

e-. 
torrorlon P1 tt Ing I 

MJtar1.1 rate rate .Corrorlon r+w change (days) 

Oeoxldlrcd Copper 19 0.83 0.?3 0.61 - m/vr  m/yr 30 60 _I 30 120 150 . 
06 0.17 0.29 0.35 0.37 

- 1 atnuspher 

CI' - 50 P P ~  
PH - 6.8 - 7.0 
Veloclty - 0.0005 drec I 

-.A. 3 
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, . , . . . . _  

Material 

12Cr 
12Cr-Mo-W 
1 Cr-Mo-O.2?jV 
3.M -Cr-M-V 
12Cr-0.2A1 
15Cr-l.7Mo 
lAl-l.5Cr-0.25Mo 
Aluminum 
ASTH A285 

Copper deoxidized 
Ste i l i te  #6 

Naval brass 

AIS1 Type 304 (18-8) 
AIS1 Type 410 (12Cr) 

TABLE A.3. Mater ia ls Tested a t  Cerro Pr fe to  
Source: A. Manon (Reference A.1) 

Use on the 
Power P1 ant 

Nominal Corm sition. % 
N i  Mo A1 - W - V - - - C r  - C - 

Turbine buckets 
Tubrine Buckets 
Rotor 

Nozzle part i t ion 
Labyrinth strips 

O i l  coolers 
Outer and inner 
turbine casing 

Sixth stage rotor 
blades (coat) 
Tube sheets 
O i l  coolers 
Gas ejector 

0.12 12.0 0.13 
0.22 11.7 1.00 0.7 0.25 1 .o 
0.30 1.25 1.10 0.25 
0.25 1.75 0.40 3.5 0.11 
0.04 13.0 0.2 
0.05 15.0 1.70 

1.50 0.25 1 .o 

Maximum~O.O6P, 0.06s 

Pure copper 
2.8Cr-4W-3Fe-Co Rem. 

60Cu-39.252n-0.75Sn 



P 

CT 
s i n  Wairakei Geothermal Media 
nd W. R. Brai thwai te  (Reference A.2) 

-- 
Alumlnum 

Ferr i t ic  stalnless s t  0.1 - P O 0.5 

6 r ~ y  C I S t  frOn 

High silicon cart iron 

-- -- -- 

-- -- Beryl 1 I um copper 

Nickel 

-- -- 

c- -- -- -- -- 20 

earn mixed wtth 

h N8tural water i n  a volcanic crater. 
1 1818 crm, 181813 CtntMo, and 18/12/2 CrniMa varieties. 
5 13Cr, 17Cr, 1712 CrNi varieties. I1 k 60140 Cutn, anenicsl 70130 CuZn varieties. 

I = internal attack with rmbrittlcmcnt. 
P = pittlng. 
S = zinc cmtlng stripped. 

c 
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TABLE A . k  Corrosion Observations in Synthetic Imperial Valley Brines 
Source: J .  P. Carter and S. D. Cramer (Reference A.3) 

- Tvplcal qcotherml brine camposttion$, 
lnpcrial Val Icy. California 

I 

bnstitvents 

Na 
Ca 
K 
Fe 
Kn 
Zn 
Sr 
s102 
B 
6e 
L i  
PS 
Rb 
cs 
m9 
Ge 
As 
A1 
cu 
A9 
ta 
Ilo 
w 
CI 
F 
0r 
5 - CO2' 

. "4 
so4 

. Ha0 
PH 

Campos 
Ni land brine 
(hfqh-sal t) 

53,000 
28,800 
16,500 
2,000 
1,370 
500 
4 40 
400 
390 
2 50 
210 

83 
70 
20 
10 --- 

--- 
--a 

ion, ppr.' 
Holtvi 1 le brine 

( 1 ow-sal t) 

11,000 
1,370 
1,430 

0.18 
09 
.02 

226 
101 

I 27.4 
58 
55 
0.26 

4.0 
21.8 

1.5 
1 .o 
0.4 

1.7 

05 
.04 

a. 5 
<. 1 
<.04 

1.5 
18 ,000 

35 
< I  

30.8 
16 

ba 1 ancc 
AdJus tad to 
7.6 w/HC1 

--- 

Ulan 
brine 

28 r l  

5.8 

0.9 
3.6 
4.0 
2.a 

3.7 
3.4 
0.0 

.O 

.I 

.O 

12.5 
13.3 

- 
-- 
-- 

.a 

.- 
S.8 

0.0 
.O 
.O 
.O 

f4.9 
56.6 

1.4 - 

kreratcd 

17.3 4.2 
0.1 -- 

.4 0.0 

.o .o 

.o -- 

.o 0.0 

. I  .o 

0.2 2.8 
0.0 0.0 

.o .o 

.I .o 
. I  .o 
. I  .o 

I.) 3.1 

2.2 -- 
1.2 -- 
0.9 
5.7 0.6 

0.0 0.0 
.e .o 
.o .o 
.e .o 

3.7 a.7 

-- 

4.9 31.3 
2.1 3jo.c 

0.2 -0.0 

I kaarate4 



Ca ing steels (e.g., H40 and K55) are sensitive to SCC in low temperature- 
H2S environments (a condition which can be obt 
stage) . 

0 Erosion has been observed in surface pi 
high-velocity flow of water/steam mixtu 

0 Rupture and collapse of casing has been encountered on several occasions; 
the extent of corrosion inyolvement in this action is unknown. 

0 Carbon steel can be used for casing and surface piping conduction of non- 
aerated steam. 

during a repair 

9 sections where there was a 
carrying Sand. 

b 

Turbine 
0 After two years operation, bines have Shown no cor- 

rosion or' cracks on buckets; stellite facing on the sixth turbine stage 
was in good conditon; the main problear has been Si02 deposition on 
first-stage nozzles and buckets due to poor water separation from steam; 
12Cr steel is used for buckets. . 

Cooling Water System 

Pitting and corrosion in cooli 
sion problem, particularly for oil and hydrogen coolers; pitting has been 
observed for both A1 and 304 SS; Ti tubes have given good service to date. 

0 High corrosion penetration rates hav 
surfaces of C steel valves and pipes; epoxy coating has been used with 

lthough there have been instances 

ave shown &evere corro- 

oncrete canal conducting water from hot we to'cooling , 

ps showed deterioration. 
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Bore and Wellhead Equipment 

Low strength steels (e.g., API grades H40, J55) have 
service; aerated thermal groundwater near surface can 
surface end casing (usually controlled by multiple casing, wi 

0 High velocity steam/water/detritus steams can cause severe erosion and 
corrosion damage to casing and valves; during normal operation this pre- 
sents no problem. 

0 Thermal stresses caused by intermittent flow can produce casing- f 
and joint failures, possibly aggravated by chloride and sulfide cracking; 
the French steel APS-1OM4 is specially designed to resist sulfide crack- 
ing and hydrogen induced delayed failure; casing failure can b 
by keeping bores discharging after intial "blowing in" period. 

0 Low strength C steel usually used for wellhead equipment, with SS for 
valve trim; Cu-based alloys are to be avoided; leakage to air can cause 
valve stems and packing to corrode. 

Stressed stainless steel equipment must be protected from hot aerated 
steam and spray to minimize chloride cracking. 

High velocity steam can cause erosion o f  deflector plates in silencers; 
this effect is reduced by streamlining flow and use o f  nonmetallics. 

erally given good 
use corrosion at 

, >  .r 

Steam/Water Pipe1 ines 

Low-strength C steels have given satisfactory service; main corrosion 
problems have arisen from design methods used to cope with expansion 
joints (special precautions must be taken with stainless steel bellows). 

0 Avoidance of standby corrosion is chief operating problem and is mini- 
mized by: * 

0 Avoiding oxidation of residual H2S to produce acid condensate 
0 Keeping piping full of steam to avoid oxygen entry 
0 Designing pipline to meet the standby corrosion problem. 

A. 8 



Turbines 
w 

0 Use lowest strength steel .practicable; lowest bltde tip speeds. 

0 Bood joint sealing to minimize oxygen in-leakage. ’ 

With above precautions, conventional turbine materials (cast steel cas- 
ings, C steel rotors 13% Cr blades, shrouds and lacings) have given 
excellent service. 

Hiqher pressure geothermal turbines may require medium strength steels in 
- final stages plus erosion shields to cope with erosion at higher .tip 
speeds; considerable research .and development is needed to develop geo- 
thermal turbines with a hlgher power density. 

. ‘ a  

Condensers 

The condensers present probably the maximum corrosion severity conditions 
in the geothermal. plant, due to inevitable air in-leakage with surface 
condensers or oxygen i n  cooling 
denser corros 

Use of mild steel, 

Lead-coated steel 

13% Cr stke 

0 Al, austeni glass and other plastics, 
and use o f  Wood 
and pressure are low 

0 Use of pyrex glass tubing in some applications at low temperature 
I 

rom condensers operate . 

one corrosion con- 
trol expediency is to limit interstage cooling so that gases remain 
relatively hot, dry during passage through compressor. I 4 4  



Cooling Towers 
I 

I 0 Some of the abnormal conditions for geothermal cooling towers include: 

0 H2S in circulating water and subsequent oxidation to S, H2S04 ~ 

I 

I I 

1 
I 

i neutralize the acid 

and other sulfer compounds 

I 0 Corrosiveness of circulating ,water appears to. depend largely on i 
amount of NH3 (or ratio of NH3 to H2S), since NH3 tends to 

0 Corrosion control measures 'include use of wood, concrete, austenitic 
SS's, Al, asbestos board, plastics and nonmetallic protective coatings. 

i 
I 

Auxiliary Equipment e 

Piping buried in thermal ground for transport of geothermal fluids is 
susceptible to sulfide SCC; use of metal, asbestos-cement, or piping pro- 
tected with carefully applied nonmetallic coating is recommended. 

Spring materials used in instrumentation and control equipment pose SCC 
problems; Cu bearing alloys are to be avoided (e.g., Be-Cu); austentitic 
SS?'s, K-Monel are recomnended for this application together with use of 
isolating fluids where possible. 

Atmosphere exposed equipment may suffer attach from H2S (e.g., tarnish- 

0 Preventative measures include: 

ing of Ag contacts can render electronic 'equipment inoperable). 

0 Gas discharge through remote and/or high vents 

Good maintenance program 

0 Use of resistant materials (e.g., Al) for overhead conductors, 
building sheathing; Cr plating of various components resists tar- 
nishing; Pt, Au and other rare metals used for contact points of 
el ec tr i cal equ i pmen t . 

General atmosphereic corrosion around geothermal' plants is, in practice, 
one of the most troublesome corrosion areas and warrants ful? considera- 
tion in plant design. 
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TABLE B.1. Analyses o f  Some Disposal Brines, Seawater, and a Proven Economic Brine(a) 

tmrtttucnts ( W L )  
clrlmst8te county 9. pr. IIr cr J3- A J L ! ! ! h c 1 c - 5 o , M o j o f  I 
I *ter - 1.025 10.500 400 1,350 380 0.17 4.6 -- 19.000 65 0.W 3,460 140 35.308 
2 Oklr. K i n g f i s k  Opmp 1.124 56.250 8,300 260 180 14 18 360 9E.30 1.500 1.100 

1.230 7 4 . m  44.440 4.340 4.410 370 Loo - 202.050 5.725 
.036 14.430 2,400 700 260 20 10 '20 32.850 60 

5 Kms. Man &kle 1.025 9.850 1.450 490 75 3 10 B 19,460 I 
6 K M .  Butler Hunton 1.012 5.900 760 260 70 3 0 0 1 o . m  20 
7 Kms. 011s &-buckle 1.034 16.8W 2.630 690 I90 IO 5 0 10.500 I 
8 Kms. hatt LKC* 1.020 9.400 1.2W 320 105 5 3 0 17.90 50 
9 K m .  lkrtm LKGM 1.W 23.m 4.300 1.500 i60 5 I2 30 45.100 150 

10 Ark. P * h  Bnm 1.016 19.00 3.500 900 200 5 10 45 42,280 500 
11 Ark. duKlltr L. eaves 1.048 2l.100 3.- 1.030 160 5 16 40 43.100 400 
12 w. ballltr L. 6rrm 1.046 20.500 3 . m  930 140 5 12 40 42.40 600 
13 kL. mlm - k o m  1.192 w.m s,m 3.950 1 . ~ 5  160 140- 320 in.ioo 2.41 
14 Ark. Union 1.192 63.900 38.560 3.850 1.915 180 A 150 260 180.800 2.340 
15 Ark. mien 1.199 63.360 36,500 4.010 1 . m  in 140 80 1~1.600 4 . m  
16 nrtc. tkim 1.191 64,500 37.360 3 . M  2.m 165 140 100 182.600 3.390 

1.162 54,500 27,600 l.3l5 3.500 230 160 I 50 lu).oOO 3 . N  
, 1.020 9.150 1,SW 500 2*5 5 10 70 17,800 50 

W Dc*onim 1.036 1o .m 1,854 500 370 10 0 60 32.650 30 
Y hOfllM 1 . m  13.500 1,500 Ho 20 2 0 0 24 .m 25 . 

-. 

1.043 21.600 2,840 770 150 10 40 90 4 2 . m  210 
1.039 19,350 2.400 410 560 10 5 0 37.240 10 
1.025 12,380 1.970 365 4aJ 5 5 I00 22.400 40 
1.056 30.m 8.650 345 105 2 40 50 49,100 270 
1.153 58,1011 M.320 1.M 790 35 10 50 135,aX) 210 
1.070 36.200 3.3W 690 860 2 0 40 61.100 4 0  
1.W5 34.m 10,530 110 so 5 5 IO 57.100 3to 
1.037 2 1 . m  
1.076 34.600 
1.010 5,640 
1.0331 12.180 
1.039 14,500 
1.052 18,400 

Crlaslcu -I 1.m 44.660 
c a r m  (Hoecna 1.076 *e.m 
fmno I 1.026 13,600 

1.m no 

" 1.123 57,600 
CRlanmO Y t l c m  1 . m  60,750 
mm W l c m  1.003 .- e.m 

1.064 .*sS,m 

840 205 
6.750 970 

630 40 
'1830 480 
6.750 550 
8,880 680 
1.m. 
3.960. 230 
2.335 135 
1.855 no 
m s  

1.s20 50 
10.120 1,640 
13.270 2.460 

50 . IO 

m 2 IO 
2fo 10 20 
50 2 . 1 0 .  

( 0 0 5  0 
m 10 12 
460 10 30 
310 - 5  25 
loo 5 10 
m 5 12 
2 6 0 1  5 
is 1 0 
2 0 1  0 

l.m IO 40 
ow) 10 0 
-10 0 0 

n 
Q 
0 

Yo 
ea 
w 
m 
zs 
I2 
0 
0 

12 
260 
140 

0 

31,600 " I80 
w,m 100 
8,350 m 

29,400 40 
37.m I 
47.510 - 30 
6 2 . d  70 
74.600 25 
m.900 30 
28.870 15 

3 3 0 2  
11.m 20 
11s.m 326 
138.m s40 

%E61 3 

15 
10 
5 
2 
2 
3 

10 - 
10 
IO 
5 
5 
5 

10 
5 
3 
0 '  
0 
5 
2 
0 

30 
30 
35 
30 
35 
25 
5 

10 
10 
12 
20 
to 
20 
20 
0 

12 
150 
10 
0 

10 . 

I 1  

1110 a 1s.652 
220 95 335.865 

2,000 450 53.290 
P.350 350 34.123 
1.400 60 18,855 
2 . m  315 54,072 
1.1m m 30.332 
2.270 260 76.m 

0 110 67.439 
0 160 69.419 
0 60 68.495 

650 100 2EJ3.420 
440 1m 292.560 
350 Loo 345.235 
255 600 295.955 
190 200 241.250 

2.m 1.m 32,329 
2.260 500 1,428 
2 , m  m e.m7 
360 380 69.655 

1.W 490 62.137 
610 590 38.865 
no (00 m.232 
270 Q 207.045 
30 S O  103.157 

0 m 55.107 
Yo 400 103.20b 

420 sa, 112.185 

400 I40 76.652 
0 380 lO1.410 
0 1 0  124,115 
0 110 114,549 
0 240 45,616 

w) uo ea3 
0 I70 21.165 

350 M m.036 
520 I 225.36s 
410 255 7.479 



TABLE 8.2. Formulas f o r  Calculat ing Maximum Worth, Brine Worth, 
and Br ine Value 

Maximum worth = ( X i )  (market value o f  compound i)(d 
Brine worth = M.W. - (market cost + f i x e d  charges) 

Assume: 

Also assume: 

(a) X = amount o f  compound, and i = number o f  compounds. . . 

br ine worth = M.W. - 0.75 (M.W.) 

br ine value = M.W. x 0.1 

.!. . ' '. 

TABLE B.3. Value of Assumed Recoverable Compounds Used 
f n  Calculat ing Br ine Value 

Cation Compound ' Cation r$/ton(a)) Compound ($/ton) 

Na NaCl (rock) 18 . 09 
Mg MgC12 (99%) 259.38 

MgS04 346.99 
L i  L iC l  ( technical)  11,515.10 
S r  SrC 1 
K KC 1 
Ba BaC12 ( technical)  

518.89 
58 . 88 

284 . 29 
Ca CaC12 120 . 64 
"4 NH4C 1 412.26 

Ani on Compound Anion ($/ton) 
B Na2B407 10H20 519.72 
c1 NaCl (rock) 11.72 

Na2S04 ( s a l t  cake) 45.64 
MgS04 86.75 

B r  NaBr 1 , 135.69 
I NaI (U.S.P.) 9,114.61 
HC03 NaHC03 81.24 
c03 CaC03 26.20 

s04 

(a) Metr ic  tons. 

7.11 
66 . 14 
69.22 

1,873.91 
286 . 60 
30.86 

187.39 
43 . 54 

138.89 

Compound ($/ton) 
55 . 39 
7.11 

30.86 
69 . 22 

881 . 84 
7,716.10 

59 . 03 
15.71 

8.2 



I 

u 

Li 

. .  

e Const i tuentda) 

Assumed Brine Composition (kg 

Calcium 23 . 36 
2.25 

Pot ass i um 5.27 
Lithiun 0.34 
Boron 0.31 
Sodium 57.65 
6romi de le95 
Iodide 0.04 
Sulfate , 0.11 , '  

6 i carbonate 145.60 

Assmed Products (kg): 

NaCl 
CaC12 

KC1 
w 2  

. I .1 

.- 
~. 
I - ,  . 

. .  

t 

, .  

I '  I 

i s  

7 . l l / t ~ n ( ~ )  = '1.04 
43.54/ton = 2.82 
6 6 . l h o n  = 0.58 
30.86/ton = 0.31 

t ~ i ~ ~ t o n  = 2.22 
Nal  at $ 7,716.10/ton = 0.31 

Assumhg 75% of ma 
k t r f c  tons. ' 

3 ,  

8.3 
I 



TABLE B.5. Brine Worth,. Br4nesValoe, and Ratio Commercial Brine 
Value/Disposal Brine Value 

Br i ne Worth 
~ - Brine ($/m3) 

0.19 
3.69 
3.86 
0.28 
0.17 
0.10 
0.28 
0.14 
0.39 

10 0.41 
11 0.41 
12 0.82 1 

i 13 2.38 
14 2.50 
15 2.99 
16 2.61 
17 2.48 
18 * 0.18 
19 0.22 

! 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

'0 
I 1  
2 
I3 
4 
'5 
'6 
'7 
8 -  
9 

0.16 
0.33 
0.25 
0.19 
0.52 
1.11 
0.48 
0.64 
0.26 
0.51 

30 0.10 
31 0.32 
32 0.37 
33 0.53 
34 0.34 
35 0.38 
36 0.33 
37 * 4.0.23 
30 0.01 
39 0.17 

40 1.06 
41 0.96 
42 0.02 

0.08 
1.45 
1.55 
0.11 
0.07 
0.04 
0.12 
0.06 
0.16 

0.17 
0.17 
0.33 
0.95 
1-00 
1.19 
1.04 
0.99 
0.07 
0.09 

0.07 
0.13 
0.10 
0.08 
0.21 
0.33 
0.19 
0.25 
0.11 
0.05 

0.04 
0.13 

'0.15 
0.21 
0.14 
0.15 
0.13 
0.09 
0.01 
0.07 

0.42 
0.39 
0.01 

B.4 

Ratio 
19.38 
1.07 Okla.. 
1.00 Ark. 

14 . 09 Kans. 
22.14 Kans. 
38.75 Kans. 
12.92 Kans. 

: 25.83 Kans. 
Kans. _I , 

I *  

9.69 

9.12 
i 9.12 

4.70 
1.63 
1.55 
1.30 

. 1.49 
' 1.57 

22.14 
17.22 

Ark. 

Ark. 
Ark. 
N.M. 
N.M. 

22.14 N.M. 
11 . 92 N.M. 
15.50 N.M. 
19.37 Texas 
7.38 Texas 
4.70 Texas 
8.16 Texas 
6.20 Texas 

14.09 Texas 
31 .OO Texas 

38 . 75 Texas 
11.92 A1 a. 
10.33 A1 a. 
7.38 A1 a. 

I 11.07 La. 
10.33 La. 
11 . 92 La. 
17 . 22 C a l i f  . 

155.00 C a l i f .  
22 . 14 Ariz. 

3.69 Okla. 
3.97 Okla. 

155 . 00 Miss. 
c.i 

1 
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ENVIRONMENTAL CHARACTER ISTICS OF 
SPECIFIC U.S. GEOTHERMAL SITES 

CLEAR LAKE-THE GEYSERS, CALIFORNIA 

The Clear Lake-The Geysers geothermal area i s  i n  northcentral  C a l i f o r n i a  
i n  Sonoma and Lake Counties, about 120 km nor th o f  San Francisco and 140 km 
mort hwest o f  Sacramento. 

Environmental Se t t i ng  

The Clear Lake-The Geysers geothermal area l i e s  i n  the i n t e r i o r  por t ion  
o f  t he  -Cal i forn ia  Coastal Range, bordering the Sacramento Val ley on the east. 
The topography i s  f l a t  t o  r o l l i n g  around Clear Lake t o  mountainous and narrow 
val leys w i t h  steep side slopes i n  the surrounding area. Elevations range from 
366 t o  1440 m (1200 t o  4722 ft) above mean sea level .  The area has a 
Mediterranean-type c l  imate w i t h  warm summers and m i l d  winters. Average 
monthly temperatures range from 5OC (41OF) (December) t o  24OC (76OF) (July), 
and extremes of -13OC (9OF) and 47OC (116OF) have been recorded. The average 
annual p r e c i p i t a t i o n  ranges from 63 cm (25 in.) i n  lower areas t o  203 cm (80 
in.) i n  some mountain areas. The average number o f  continuous f r o s t - f r e e  days 
ranges from 160' to 280 days. ( G e l )  

The most prominent water feature i s  Clear Lake, the largest  freshwater 
lake e n t i r e l y  w i t h i n  Cal i fornia.  Streams are small, exh ib i t i ng  very low f lows 
during the summer. Drainage i n  the western par t  o f  the area i s  toward the 
Russian River; Clear Lake and the eastern p a r t  o f  the area d ra in  toward the  
Sacramento River . 

Chapparal i s  the predominant na t ive  vegatative cover; the major species 
are C a l i f o r n i a  scrub oak, manzanita, western mountain mahogany and chamfse. 
Woodlands include i n t e r i o r  l i v e  oak, black oak, C a l i f o r n i a  buckey, Douglas 
fir, yel low . ,  pine, knobcone pine and Sargent cypress. The numerous springs, 
streams and varied vegetation provide good $0 excel lent  habi ta t  f o r  w i l d l i f e .  
Black-tai led deer i s  the most important game animal. Other rhammals include 
the mountain l ion,  bobcat, gray fox, b lack ta i l ed  jackrabbit,  brush r a b b i t  

C.1 



bi 
( co t ton ta i l ) ,  s t r i ped  and spotted skunk, r i n g t a i l e d  cat, raccoon, and western 
grey squi r re l .  Game b i rds  include the mourning dove, bandtailed pidgeon, and 
mountain and v a l l e y  quai l .  
including 1 t u r t l e ,  13 snake, 17 amphibian, 6 l i za rd ,  54 mammal and 200 b i r d  
spec i es . 

Nongame w i l d l i f e  species are also abundant, 

Clear Lake has an excel lent  warm-water f i s h e r y  o f  largemouth bass, 
1 

cat f ish,  b l u e g i l l  and crappie. Cold-water species i n  the streams include 
resident and migratory rainbow t r o u t  and resident brown t rout .  
Creek i s  the only  drainage i n  the area supporting an anadromous steelhead 
fishery. Late f a l l  stream flows, however, o f ten become marginal for f i s h .  

I 

Big Sulphur 

The area's economy i s  supported by agr icul ture,  resorts, recreat ion 
services, land subdiv is ion and geothermal power. The permanent populat ion i n  
the area i s  about 10,000, most o f  them l i v i n g  i n  a s t r i p  about Clear Lake and 
i n  the adjacent val leys. 
tourism, p r i m a r i l y  i n  the Clear Lake area i n  the summer. 
comnunity i s  Clear Lake Highlands w i th  a 1970 populat ion o f  2,836. 

The actual populat ion f luctuates widely due t o  
The largest  

The 
largest  business sector i s  services, much o f  i t  oriented toward t o u r i s t s  and 
r e t i r e d  people. Agr icu l ture i s  second, inc lud ing f r u i t  and nut  orchards, 
vineyards, d ry  pasture, and l i m i t e d  i r r i g a t e d  cropland. Forests are general ly 
o f  poor commercial q u a l i t y  and only  minor harvesting occurs. Mercury was 
mined u n t i l  1973, when the mines were shut down due t o  a depressed market. 

Tourism has become one o f  the area's major industr ies,  due t o  i t s  scenic 
lakes and mountains, and i t s  prox imi ty  t o  the populous San Francisco Bay and 
Sacramento Val ley area. Resort development started more than a century ago 
w i t h  heal th spas a t  natural  hot springs. The popu la r i t y  o f  these reso r t s  has 
decliqed, however, w i t h  mostly day use remaining. On the other hand, 
ret i rement communities and water sports or iented a c t i v i t i e s  have increased. 
Most o f  the recreat ional  use occurs during the summer. Clear Lake State Park 
was used by near ly  84,000 people i n  1972. 

It i s  a pleasing s igh t  t o  view Clear Lake from a distance t o  observe i t s  
bluish-green waters and the brown and green-colored vegetation o f  the 
surrounding h i l l s  and mountains. The aesthetic values o f  Clear Lake are 
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I '  

enhanced by the w i l d l i f e  seen along i t s  shores and on i t s  waters. 
construction, however, o f  1 t residences, mo , resorts,  and t r a i l e r  
parks g r e a t l y  de t rac t  from t 
countryside. 
sewage problem which has contr ibuted t o  the eutrophicat ion of the lake 
waters. 
green algae bloom t h a t  pe rs i s t s  f o r  the r e s t  o f  the summer and det racts  from 
water contact  sports. 

Pie'cemeal 

t u r a l  se t t i ng  o f  lake and adjo in ing 
The use o f  sept ic tanks adjacent t o  Clear Lake has led t o  a 

Normally by J u l y  the lake 's  high nu t r i en t  content resu l t s  i n  a la rge  

I n  the summer the qu ie t  and cool woods i n  the mountains are a welcome 
r e l i e f  t o  t rave le rs  coming from the hotter,  lower-elevation areas. The 
chapparal h i l l s  have t h e i r  own aesthet ic appeal through the v a r i e t y  o f  dark 

lthough the contrast  w i t h  l ight -co lored s o i l s  i n  
face mining and f i r e  breaks d i s t rac ts  from the scenic 

qua l i t y .  . 
Geothermal F l u i d  Character is t ics  

Both l i q u i d -  and vapor-dominated geothermal systems have been i d e n t i f i e d  
i n  the  Clear Lake-The Geysers geothermal area. The present development f o r  
e l e c t r i c  power production a t  The Geysers i s  from vapor-dominated systems. 
Thermal springs, however, are p l e n t i f u l  i n  the  area and were the basis f o r  
numerous heal th  resor ts  s t a r t i n g  more than a century ago. Siegler Springs i n  

p a r t  f lows i n  excess o f  15 gal/min a t  a maximum temperature o f  
about 5OoC (125 theast contains springs 

O F ) .  Hot water was found 
area east o f  Clear Lake, 

with maximum temperatures exdee containing p r  

f o r  e l e c t r i c  power 

e percent o f  gases and 
1 chemical analyses of 



steam condensate from three production wel ls are l i s t e d  i n  Table C.1. The 
composition o f  gases associated w i th  the geothermal steam produced a t  The 
Geysers i s  l i s t e d  i n  Tables C.2 and C.3. The p r inc ipa l  component o f  the steam 
condensate i s  ammonium bicarbonate (NH3HC03) . The p r inc ipa l  chemical 
const i tuent i n  the steam i s  carbon dioxide (C02), but hydrogen su l f i de  
(H2S) i s  o f  highest environmental concern. The H2S concentration i s  16 
times the human t o x i c  leve l  i n  the  undi luted geothermal steam and ammonia 
(NH3) i s  5 times the human t o x i c  level .  A ro t ten  egg odor i s  noticeable i n  
and around the developed area. (C. 1) 

Average w e l l  production i s  about 100,000 l b  o f  steam/hr w i th  a maximum 
production o f  about 360,000 lb/hr. Waste water from the condensed steam was 
dumped i n t o  Big Sulphur Creek from the beginning o f  power generation i n  1960 
u n t i l  1971, when in jec t i on  o f  waste water i n t o  the ground began. (C.3) 

Environmental Ef fects  o f  L iqu id  Waste Disposal * 

Pr inc ipa l  environmental concerns a t  The Geysers geothermal development 
are re la ted t o  gaseous .emissions, p r i n c i p a l l y  H2S. A t  The Geysers power 
plants, approximately 80 percent o f  the steam i s  used f o r  condenser cool ing 
and evaporated t o  the atmosphere. The remaining 20 percent, containing 
natural  contaminants, p r i n c i p a l l y  NH3HC03 and chemicals added t o  the 
cool ing water, must be disposed o f  otherwise. 

S tar t ing  w i th  the f i r s t  e l e c t r i c  power development i n  1960, l i q u i d  
e f f luen ts  were discharged i n t o  Big Sulphur Creek u n t i l  1971. Since 1969, 
however, waste water i s  being in jected i n t o  the ground without s ign i f i can t  
technical or  environmental problems. 

Po ten t i a l l y  harmful e f fec ts  could r e s u l t  on f i s h  and w i l d l i f e  from 
improperly planned or executed handling o f  geothermal f l u ids .  
releases, sp i l l s ,  seepage or w e l l  blowouts would occur, adverse impacts on 
s o i l s  and water q u a l i t y  could r e s u l t  from the addi t ion o f  t o x i c  substances. 
The po ten t ia l  f a i l u r e  o f  sump ponds containing d r i l l  muds and associated 
chemicals i s  o f  concern. Once these ponds have dried, they are covered w i th  
s o i l .  

I f  uncontrol led 

Poorly b u i l t  ponds could permit leaching o f  these chemicals i n t o  the 

c.4 



TABLE C . l .  Composition of Steam Condensate from Typical Wells i n  
The GeysTp15ield. 
Interior Analyst: I. Barnes, U.S. Geologic 
Survey 

V 
Source: U.S. Department o f  the 

! 

Well, ppm by Weight 
DX State 3395-1 Su l fu r  Bank 14 Consti tuent Thermal #7 

Si l i ca  ( f ie ld)  0.50 0.20 0.50 
Cal ci um 0.20 0.02 0.16 
Magnesium 0.06 0.01 0.04 

Sodi urn 
Pot ass i urn 
L i t h i u m  0.002 0.003 0.003 

Ammon i urn 236.00 84.00 354.00 
Bicarbonate 775.00 267.00 1153.00 
Carbonate 0.06 -- 1.05 

Chl  ori de 20 i 3  1.6 $1 17 +2 

S t ront i  urn 0.10 0.05 0.10- 
0.12 0.10 0.12 
0.10 0.10 0.10 

Sulfate 7.10 24.00 11 .oo 

F1 uori 0.10 0.10 0.10 
Boron 0.01 5.00 0.02 
pH ( f ie ld)  6.21 5.32 6.03 

546.00 2090.00 Speci f i c conductance 
(micromhos a t  25OC) . 
Date col 1 ected 1 O/ 28/70 10/29/70 10/28/70 

1 430.00 
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TABLE C.2. Composition o f  Gases i n  the Geothermal 
Steam o f  The Geysers F i e l d  

Constituent 

Water vapor 
Carbon dioxide 
Hydrogen. 
Methane 
Nitrogen 
Hydrogen su l f i de  
Amnon i a 
Boric acid 

TABLE C.3. Constituents 
Wells a t  The 
Source: Pac 

Constituent 

Carbon dioxide 
Hydrogen su l f i de  
Methane 
Ammon i a 
Boric acid 
Nitrogen 
Hydrogen 
Ethane 
Arsenic 
Mercury 

Symbol 

c02 
H2S 
CH4 
"3 
H3B03 
N2 

C2H6 
As 

Hg 

Symbol 

H2° 
c02 
H2 
CH4 

H2S 
"3 
H3B03 

Volume % 

98.045 
1.242 
0.287 
0.299 
0.069 
0.033 
0.025 
0.0018 

Carried i n  t h  team from 

f i c  Gas and E l e c t r i c  Company 
Geysers F i e l d  f a7 

Concentration, ppm by Weight 
Low Average High 

290 3260 30 , 600 
5 222 1,600 

9.4 194 1,060 
12 91 223 
6 52 638 

11 56 218 
3 8 19 
0.002 0.019 0.05 
0.0003 1 0.005 0.018 

13 194 1,447 

(a) Measurements o f  61 steam wells from 1972 through 1974. 
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surrounding ground and surface waters d u r i n g  the winter r a i n  period. To date, 
no noticeable e f fec t  on the local groundwater resources has been noticed, 
although increased production i n  the future may affect  the flow ra te ,  
temperature and chemical composition of thermal springs i n  the area. (C. 1 )  

The construction of roads and waste h a n d l i n g  f a c i l i t i e s ,  including 
pipelines, would require vegetation clearing, d i k i n g  and grading, result ing in 
loss of vegetation and wildl i fe  h a b i t a t ,  and potentially causing soi l  erosion 
and surface water qual i ty  impairment. 
the steep slopes i n  The Geysers area. 

This i s  of par t icular  concern due t o  

The f ishery of the area would be the most severely affected by l i q u i d  
effluents.  The addition of hot water could increase stream temperatures 
deleterious t o  fi'sh and stimulate undesirable aquatic weed growth. 
impacts on aquatic l i f e  i n  Big S u l p h u r  Creek were observed d u r i n g  the routine 
release of geothermal effluents i n  the 1960's. 

Adverse 

( C .  1) 

Recreational ac t iv i t i e s ,  including fishing and h u n t i n g ,  could be affected 
by the disturbance of wildl i fe ,  damage t o  aquatic l i f e ,  and impairment o f  
scenic qua l i t i es ,  odor and noise. 
noticeable mainly in areas w i t h  steep slopes and low vegetation. In f l a t  
areas, such as around Clear Lake,' and i n  the forested regions, the 
developments would  be less  visible.  

Scenic quali ty impairment would be. 

Only a small amount of l a n d  subsidence is expected i n  The Geysers area 
due  t o  the loca l  geology and the nature and use of the geothermal resource. 
Some seismic effects  may occur as a resu l t  of the steam withdrawal and waste 
water injection, b u t  no s ignif icant  detrimental consequences are foreseen d u e  
t o  the low development o f  this area for ,o ther  purposes. 
from future geothermal developments i n  other par ts  of the Clear Lake 
geothermal area having higher population densit ies and more diverse economic 
devel opment . 

Damages may occur 

The Geysers development has had a s ignif icant  impact on the local and 
regional economy due t o  the e l ec t r i c  power produced, tax revenues t o  local and 
s t a t e  government, land royalty payments t o  the s t a t e  government, and the 
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increase o f  nearby land values. The method and success of the selected method 
for disposing o f  geothermal l i q u i d  wastes w i l l  have a d i r e c t  inf luence on 
fu tu re  expansion o f  The Geysers development and new developments i n  other 
par ts  of the Clear Lake geothermal area and, consequently, an i n d i r e c t  e f f e c t  
on the- l oca l  and regional  economy. The establishment o f  secondary by-product 
indust r ies i n  con junc t ion  w i th  the dry-steam development i s  not ant ic ipated 
because the steam i s  f a i r l y  pure. (C.1) 

IMPERIAL VALLEY , CALIFORNIA 

The Imperial  Val ley geothermal area, inc lud ing the Salton Sea, Heber and 
East Mesa si tes,  i s  located i n  southwestern Ca l i fo rn ia  i n  Imperial County, 
about 160 km east o f  San Diego. Imperial  County borders Arizona t o  the east 
and Mexico t o  the south. 

Environmental Se t t i nq  

The Imperial  Val ley occupies the lowest pa r t  o f  the Colorado Desert, w i th  
elevat ions ranging from 85 m (278 ft) below sea leve l  i n  the  Salton Sea t o  
about 610 m (several thousand fee t )  i n  the surrounding mountains. The area 
has a charac ter is t i c  desert climate, w i th  hot, d ry  sumners and m i l d  winters. 
Temperatures over 38OC (100°F) t y p i c a l l y  occur more than 100 days each year, 
and the average annual p rec ip i t a t i on  i s  less than 7.6 cm (3  in.) There are 
about 12 days o f  f r o s t  each year. There i s  l i t t l e  fog  and there are few 
thunderstorms. Stable atmosphereic conditions, wester ly winds, and nightt ime 
inversions are important meteorological features. Considerable smog i s  
generated l o c a l l y  from burning stubble f i e l d s  and smog d r i f t s  also i n  from the  
Los Angeles area. 
nat ional  a i r  q u a l i t y  standards. (C. 1 ,C.4) 

Suspended pa r t i cu la te  concentrations general ly exceed 

The Imperial  Val ley i s  an i n t e r i o r  basin w i th  a l l  surface drainage t o  the 
Salton Sea. The area i s  ra ther  f l a t ,  but  surrounded by ragged mountains. The 
Salton Sea i s  about 58 km (36 m i )  long and 19 km (12 m i )  wide. 
water surface e levat ion i s  71 m (232 ft) below sea level .  The Sea i s  shallow, 
i t s  greatest depth i s  14 m (46 ft). The Salton Sea was formed by natura l  

I t s  present 
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flooding from the Colorado River from 1905 to 1907. Since then the Sea has , 

been maintained by natural run and irrigation re flows. Surface ,- 

streams are very small and highly ephemeral. Nearly 3 million acre-feet o f  
Colorado River water are diverted to the Valley each year to irrigate about 
475,000 acreas. Extensive drainage systems exist to control soil salinity 
resulting from native occurrences and introduced by the irrigation water. 
Total dissolved solids concentrations range from 900 pprn in the irrigation 
water to almost 39,000 ppm in Salton Sea. An extensive groundwater system 
exists, which is primarily recharged from irrigation seepage. Total dissolved 
solids concentrations ranging from 500 ppm to 15,790 ppm have been measured in 

t 

well water. (C.4) 

The Imperial Valley includes an extensive irrigated agricultural region, 
a quasi-marine inland saltern ecosystem, state and' federal game reserves, 
freshwater and riparian ecosystems, and extensive desert communities. 
Agricultural production, in order of importance, includes field crops, 
livestock and dairy products, and vegetable crops. The unique climate is such 
that most vegetable crops grow in the winter months and most field crops in 
the spring and summer months. The Salton Sea area has extensive shoebird (35 
speci es) and waterfowl (47 species), i ncl udi ng 1 arge migratory populations 
(Pacific Flyway) and five endangered species of birds. Wildlife composition 
varies widely as a function of local hydrologic and vegetative variations. 
Mammals include the coyote, desert fox, raccoon, bobcat, skunk, badger, 
muskrat, cottontail, jackrabbit, ground squirrel, valley pocket gopher, desert 
pocket mouse, and desert kangaroo rat. Typical desert plant communities 

Extensive dunes exist. in some 'areas with shifting, ,sandy soil and ver 
here are 8 fish and 7 invertebrate species in the Salto 
h corvina, sargo and gulf croacker provide the largest inland 

fishery in California. Striped bass, black crappie, channel catfish, 
bluegills, largemouth bass and various nongame fish exist in the main canal 

reosote brush, sage, mesquite, ironwood and desert willow. 

. 



system. The lake i s  eutrophic w i t h  high water temperatures [ t o  36OC o r  97°F 
dur ing the summer), high concentrations o f  nu t r ien ts  (ni t rogen and phosphorus) , 

and extensive a lga l  blooms. 

The Imperial County economy i s  dominated by agr icul ture,  i t s  associated 
support services and product processing. The county's economy i s  weak i n  
manufacturing and construct ion a c t i v i t y  compared t o  the s tate as a whole. 
There are no s ign i f i can t  known mineral resources i n  the  area besides rock, 
sand and gravel f o r  construct ion purposes and the geothermal resource. The 
1970 populat ion o f  Imperial County was 74,492. Major urban centers and t h e i r  
1970 populations are E l  Centro (19,272), Brawley (13,746) and Calexico 

' 

(-10,652). (C.4) 

The Salton Sea and the dunes areas are a major recreat ional  a t t r a c t i o n  i n  
southern Cal i forn ia ,  p r i m a r i l y  f o r  the  Los Angeles-San Diego metropol i tan 
popu la t im.  The Sea i s  popular for f i sh ing  and hunting, boating, water 
ski ing, swimming, etc. About 357,000 v i s i t o r  days per year have been 
estimated f o r  f i s h i n g  alone. The dunes and other desert areas are 
p r i m a r i l y  popular fo r  off-road vehic le use, and about 1 .5-mi l l ion v i s i t o r  days 
per year have been estimated f o r  the Imperial  Sand Dunes. As many as 8,000 
vehicles and 32,000 people have been estimated f o r  a s ing le  weekend. 

Aesthet ical ly,  the Salton Sea i s  a s t a r t l i n g  and pleasant contrast  t o  the 
surrounding landscape, togther w i t h  the  two r i v e r s  flowing i n t o  i t  and t h e i r  
abundant shore vegetation and b i r d  populations. The water q u a l i t y  o f  the Sea, 
however, and frequent haze det ract  from these qua l i t i es .  
w i t h  f l a t  mesas, deeply eroded stream channels, and sand dunes are a t t r a c t i v e  
i n  t h e i r  own way w i t h  t h e i r  varying s o i l  and rock co lors  and per iod ica l  
wi ldf lower and cactus blooms. The East Mesa area, however, i s  monotonous, 
characterized by f l a t  topography, minimal co lor  and tex tu re  var ia t ions,  and 
sparse vegetation. The desert a i r  i s  general ly c lear and dry. 

Some desert areas 

Geothermal Resource and Development 

i n  the Imperial  Valley. ('04) Mineral extract ion,  carbon dioxide recover, 
and power production have a l l  be in attempted, but  with l i m i t e d  success. Some 

As ea r l y  as 1972, e f f o r t s  were made t o  develop the geothermal resources 
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w 
of the current geothermal a c t i v i t i e s  are e l e c t r i c  power production research, 
impact studies o f  proposed geo 
studies, and exploratory  d r i l l i  
Valley, on the  Sal ton Sea, Heber, East Mesa, and Brawley areas are expected t o  
be developed. Estimates o f  t h e i r  t o t a l  e l e c t r i c a l  po ten t i a l  are under 5000 MW 
f o r  30 years: The Salton Sea area has the greatest  energy po ten t i a l  because 
o f  i t s  high down-hole temperatures (average o f  286"C), ye t  it may be the 
hardest t o  develop since the geothermal f l u i d s  found there are high i n  t o t a l  
dissqlved so l i ds  (TDS). 

Geothermal F l u i d  Character is t ics  

1 projects, baseline environmental 
O f  the s i x  known thermal f i e l d s  i n  the 

A l l  the geothermal systems * i n  the Imperial  Val ley i d e n t i f i e d  so f a r  are 
The geothermal f l u i d s  are 10 t o  30 percent water vapor by liquid-dominated. 

weight when produced, w i t h  the remained i n  the l i q u i d  state. 

Val ley has been co l lec ted  i n  the  Salton Sea and East Mesa areas. 

geothermal weils located i n  the  Salton Sea area. The charac ter is t i cs  o f  6 
geothermal we l ls  i n  the East Mesa area are given i n  a U.S. Bureau of 

(C.4) 

Most o f  the information on the geothermal f l u i d  charac ter is t i cs  i n  the 

and Hoffman (c*7)  each present the charac ter is t i cs  o f  about 20 

Rec 1 amat i on s t  a t  us report .  (c.5) 

n t a t i v e  temperatures for each o 
Imperial  Val ley are l i s t e d  i n  Table C.4; they range from 135 t o  340°C. 

and Hoffman ( ' 07 )  give an average wel l  bottom temperature of 
286+-45"C f o r  16 Salton Sea wells, which i s  t he  ho t tes t  f o r  the  Valley. 
average temperature o f  6 East Mesa wel ls  i s  given as 180 k13"C. 

he geothermal areas i n  the 
(C.6) 

The . 

8 

U 

wel ls  i n  the S 
435,000 1 b/ h r  

e high, wi th  an 
of 215 p s i  and 

average 19 percent steam by weight f o r  10 wells. 

lmper I a1 Val 1 ey 

dissolved s (TDS) concentrations average 
about 2,100 ppm i n  the  East Mesa area, dbout 20,000 ppm i n  the  Heber area, and 



'cd 
about 210,000 ppm i n  the Salton Sea area. For comparison, the TDS content o f  
seawater i s  about 33,000 ppm and o f  the  Salton Sea about 39,000 ppm. Table 
C.5 summarizes the chemical composition data f o r  geothermal f l u ids  from wel ls  
i n  the East Mesa and Salton Sea areas. (c*4) For some constituents, the 
standard deviat ion i s  as large as or  larger  than the  average concentration, 
ind ica t ing  a large variance from well t o  wel l .  I n  addition, the 
concentrations i n  a s ing le wel l  o f ten  var ied by 25 t o  50 percent when measured 
a t  d i f f e r e n t  times. One East Mesa wel l  w i th  a TDS content 10 times higher 
than the others i s  not l i s t e d  since i t  was not considered representative o f  
the f i e l d .  (C.4) 

The f r a c t i o n  o f  noncondensable gases i n  the Imperial  Val ley geothermal 
f l u i d s  i s  estimated t o  be about 1 percent. (c*lo) While the composition o f  
t h i s  gas f rac t i on  i s  h igh ly  variable, C02 i s  always the major f r a c t i o n  with 

Environmental Effects o f  Geothermal Liquids Wastes 

lesser amounts o f  H2S, H2,'CH4, NX3 and Ne. (C.11) 

Environmental e f fec ts  o f  geothermal l i q u i d  wastes i n  the Imperial  Val ley 
w i l l  depend la rge ly  on the method selected f o r  waste disposal. A t  present, 
i n j e c t i o n  i n t o  the ground i s  the method tha t  i s  required by the county 
regulat ions. Regardless o f  the disposal method used, environmental e f fec ts  
w i l l  vary from s i t e  t o  s i t e  due t o  di f ferences i n  geothermal f l u i d  composition 
and loca l  environments. 

Extract ion and disposal o f  geothermal f l u i d s  i n  the Imperial  Valley, 
inc lud ing br ines w i t h  TDS contents up t o  f i v e  times o f  seawater, pose a th rea t  
o f  contamination t o  the so i l ,  groundwater and Salton Sea. 
instance, a s ing le  geothermal wel l  discharged br ines containing about 
250,000 T o f  s a l t  t o  the Salton Sea dur ing a 90-day period. This s a l t  in f low 

I n  1962, f o r  

represented 4.5 percent o f  the t o t a l  s a l t  in f low dur ing 1962. (C. 1) 

The loca l  groundwater system i s  complex, cons is t ing of several layers, 
inc lud ing artesian, and consis t ing o f  h igh l y  varying q u a l i t y  w i t h  respect t o  
s a l i n i t y  and temperature. I n jec t i on  o f  geothermal f l u ids  could adversely 

4 
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TABLE C.4. Average Geothermal F l u i d  Temperatures 
I n  Imperial Valley, OC. 

Sources: D. Layton and D. Ermak(C.4) 
M. Mathenson and L. P. 3. Muff ledc-8) 

Area Temperature 
Salton Sea 340 
Heber 190 

Brawley 200 . 
East Mesa 180' 

Glamis/Dunes/E. Brawley 135 

TABLE C.5. Average and Standard Deviat ion o f  Geothermal I 
Brine Compositon o f  4 Salton Sea and 

YfT1S.T. D, Palmerfc.7) 
9 East Mesa 
and D. Ermak 
M. R. Hoffm n(c.9) U.S. Bureau o f  

ppm. Sourc s: D. Layton 

Recl m a t  i on tC.5) 

Constituent East Mesa Salton Sea 
TDS 2,120 '336 214,000 98,000 

Na 701 68 46,000 18,000 
K 41 17 13,000 6,500 

Ca 39 36 21,000 9,800 
Mg 1.2 0.8 374 634 . 

HC03 532 141 2,500 2,600 
c1 80 124,000 54,000 

80 230 
317 199 

s04 
B 



u 
a f f e c t  the groundwater q u a l i t y  and r e s t r i c t  current and future uses, inc lud ing 
use f o r  cool ing o f  geothermal power plants. Groundwater aqui fers may also 
become contaminated f rom subsurface casing f a i l u r e s  o f  both production and 
i n j e c t i o n  wells. 

I n j e c t i o n  may have a benef ic ia l  e f fect  by l i m i t i n g  land subsidence which 
could r e s u l t  from the ex t rac t ion  of geothermal f l u ids .  Land slope changes 
would a f f e c t  the f low o f  water i n  i r r i g a t i o n  and drainage canals, i n  
subsurface drainage systems, and on surface i r r i g a t e d  farm land. Ruptures o f  
the canals and dra in  t i l e s  could i n t e r r u p t  the supply of  i r r i g a t i o n  water and 
the leaching of sa l i ne  drainage water. This could have a severe impact on the  
p roduc t i v i t y  o f  the land and the region's economy. 

large amounts of s a l t s  involved and the  s o l i d  waste disposal problem i f  
treatment or evaporation i s  used. 
land, however, from wel l  blowouts, pipe and storage tank fa i l u res ,  and 
temporary holding pond fa i l u res .  This would increase the s a l i n i t y  o f  the 
soi ls,  thus a f f e c t i n g  desert vegetation, w i l d l i f e ,  and a g r i c u l t u r a l  
product iv i ty.  Damage t o  the natural  fauna and f l o r a  and t o  a g r i c u l t r u a l  crops 
may also r e s u l t  from the release of other substances such as boron, arsenic, 

f luor ide and zinc t o  the land, water and a i r .  Leaching o f  the added s a l t s  
from desert soi ls,  and consequently, vegetative recovery, could take many 
years due t o  the low natural  prec ip i ta t ion.  S p i l l s  t o  the land may also seep 
i n t o  the ground, a f fec t i ng  groundwater q u a l i t y  and use. Geothermal we l ls  may 
be d r i l l e d  i n  the Salton Sea i t s e l f ,  increasing the hazards from accidental 
s p i l l s .  Subsidence o f  the lake bed, however, may be less serious than i n  
onshore ag r i cu l tu ra l  areas. 

A l l  forms o f  surface disposal have been ru led  out so far because of the 

Brines may be s p i l l e d  accidental ly t o  the 

The Salton Sea ecosystem has been i n  a s tate o f  f l ux  as a r e s u l t  o f  
increasing i r r i g a t i o n  re tu rn  flows ever since the  c rea t ion  o f  t h e  Sea i n  1905 
through 1907. These increased the s ize of the Sea and i t s  s a l i n i t y  and 
nu t r i en t  levels. Many aquatic species were introduced by man, and some 
survived only f o r  short periods. The s a l i n i t y  o f  the Salton Sea i s  only 

Ir 
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s l i g h t l y  higher than t h a t  o f  seawater, but  i t s  chemical composition i s  q u i t e  
d i f f e ren t .  Consequently, it developed a very unique aquatic ecosystem 
characterized by a spa rs i t y  o f  species. This r e s u l t s  i n  a ra ther  unstable , 

condition, where the disturbance o f  a s ingle species i n  the food chain may 
have far-reaching e f f e c t s  on the e n t i r e  system. Minor changes i n  the  s a l i n i t y  
or water temperature r e s u l t i n g  from geothermal br ine inf lows could, therefore, 
cause s i g n i f i c a n t  aquatic ecological changes. 
would also a f f e c t  the marsh vegetation and associated w i l d l i f e .  Some of these 
changes w i  11 probably occur without geothe 
increases expected form normal i r r i g a t i o n  

Increased Salton Sea s a l i n i t y  

opment from s a l i n i t y  

The concentrations o f  noncondensi b l e  gases i n  the Imperial Val ley 
geothermal f l u i d s  are so low tha t  C02 emissions from a geothermal power 
p lan t  would be on ly  1/20th o f  the emissions from an equivalent f o s s i l - f u e l  
plant. ('**) S u f f i c i e n t  measurements are not avai l  able t o  determine whether 
the emission o f  H2S, and possibly also NH3, may cause objectionable odor. 
Water vapor vented from cool ing towers i s  not expected t o  be o f  much concern 
i n  the Val ley 's dry atmosphere. 

inf luence the  at t ract iveness o f  the area f o r  recreat ional  pursuits, p r i m a r i l y  
f i sh ing  and other water sports, hunting and off-road -recreational vehic le 
use. Soci al-economic impacts may change s i g n i f i c a n t l y  if i n j e c t i o n  of 
geothermal wastes, f o r  instance, changes i n  the future t o  ' the recovery o f  
by-products and freshwater. 
disposal may a f f e c t  the d e s i r a b i l i t y  o f  some -locations f o r  w i l d l i f e ,  although 
the incremental e f f e c t  o f  geothermal developments may be small i n  r e l a t i o n  t o  
disturbances by present recreat i ona 1 

Changes i n  the Salton Sea and desert ecosystem and land use .would also ' 

Human a c t i v l  ty, re1 ated t o  geothermal waste 

The appearance of well, r igs ,  pipel ines, treatment plants, evaporation 
ponds and s o l i d  waste p i l e s  may be aes the t i ca l l y  unat t rac t i ve  i n  the natural  
desert and Salton Sea sett ing.  Some people, however, may consider the 
geothermal development a unique a t t r a c t i o n  and an addi t ion t o  the scenic and 
in te res t  po int  qual i e s  o f  the area, he more monotonous 
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desert areas. The appearance o f  geothermal steam appears a t t r a c t i  \ e t o  some, 
although objectionable odors may detract  from the enjoyment o f  the 
development. , 

RAFT RIVER VALLEY, IDAHO '\ 
The Raf t  River Val ley geothermal area i s  located i n  southcentral Idaho i n  

borders Utah t o  the south, and the three-state in tersect ion o f  the borders o f  
Cassia County, about 97 km (60 m i )  southeast o f  Twin Fal ls .  The Val ley 

Utah, Idaho and Nevada i s  about 48 km (30 mi) t o  the southwest. 

Environment a1 Set t  i ng 

Val ley geothermal area, (c013, '04) but  they were not received i n  time far 
Two environmental assessment reports are avai lable f o r  the Raf t  River 

consideration i n  t h i s  report.  A sumnary o f  environmental condit ions i n  the 
va l ley  i s  contained i n  "Study o f  Geothermal Prospects i n  the Western United 
States . ,I Cc.2) 

The Raf t  River i s  a. southern t r i b u t a r y  o f  the Snake River. The 
geothermal area l i e s  i n  the southern pa r t  o f  the Val ley a few mi les north o f  
the Utah border. The va l ley  i s  general ly f l a t  w i th  small g u l l i e s  and ridges. 
There are many permanent and in te rmi t ten t  streams i n  the Valley. Shallow 
groundwater has been used f o r  i r r i g a t i o n  f o r  many years, but d r i l l i n g  o f  
shallow wel ls i s  not permitted anymore due t o  dec l in ing reservo i r  
pressure . (C.2) 

The a i r  q u a l i t y  i n  the area i s  general ly excel lent  although windblown 
dust occurs often. Ambient noise i s  very low. (c.2) 

The vegetation i n  the Val ley i s  o f  the sage subclimax type w i th  
sagebrush, greasewood and jun iper  being dominant. The Val ley abounds i n  
w i l d l i f e  (rabbi t ,  deer, coyote, squirrels,  snakes and many birds).  Trout, 
suckers and minnows are found i n  the streams. The region has four  endangered 
species o f  birds, two o f  which nest i n  the area. (c.2) 

Cassia County has a population o f  about 20,000. Burley, located about 
64 km (40 m i )  north o f  the geothermal area, i s  the largest  town, w i th  a 
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population of about 8,300. Oakley, the nearest population center, has a 
population of about 650. The population density% the geothermal area is 
less than one person per squa 

b, 

\ (C.2) 

The area is rural w i t h  some l i g h t  industry focusing on potato 
processing. The general economy is based upon both irrigated and dryland 
agriculture. The natural environment has been altered extensively by farm 
activities. There are two historical s i t e s  i n  the Valley, the City of Rocks 
Indian burial ground and a stagecoach station on the Kelton Road t r a i l .  The 
area is not considered aesthetically extraordinary. (c.0) 

Geothermal F l u i d  Characteristics 

The geothermal system identified i n  the Raft River Valley is 
liquid-dominated. Maximum water temperatures of 140 t o  15OOC (284 t o  302OF) 
are expected. (c015) Table C.6 lists the water temperature and quality of 
three wells dril led as part of the geothermal .research program conducted by 
the Idaho National Engineering Laboratory, and compares them w i t h  irrigation 
.wells i n  the area and the Raft River. 

The three geothermal. wells have water ranging from 148 t o  149OC (295 to  
298OF) and flowed a t  38 L/sec (600 gal/min) and higher under artesian 
pressure. 

w i t h  total  dissolved solids concentrations about 2000 ppm. In the t h i r d  well, 
the TDS content is about 4600 ppm. ('' 16) For comparison, local irrigation 
wells have TDS contents ranging from 550 t o  2120 ppm. Research i n  progress 
indicates that the geothermal water is suitable for irrigatlng agricultural 
crops and for aquaculture (raising warmwater fish). 

Previous analyses of wells #1 and #2 also listed 350 to  389 ppm sodium 

(C.15) 

The quality of the geothermal water i s  quite good i n  two of the wells, 

. 

'. 

(Na) and 5.4 t o  7.6 ppm fluoride (F). Noncondensible gases, i n  order of 
' volume percentage, included N E ,  C02, H2, Ar, O2 and Me. 

Environmental Effects of Geothermal Liquid Wastes 

(C. 17) 

Environmental effects of geothermal wastes i n  the Raft River Valley will 
depend largely on the method selected for waste disposal. A t  present, 
injection into the ground is being mentioned as the most feasible 

1E 
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TABLE C.6. Average o f  Water Analysis in Raft River Area 
Source: Idaho National Engineering Laboratory 

Geo t h e rma 1 
Production We1 1 s 
1 & 2  3 

Temperature, "C (OF) 146 (295) 148 (298) 

TDS, Ppm 2000 4592 
Conductivity 2700 9870 
c1 

Si 
Fe 

Ca 

81 6 1626 

52 . 

m 
69 
-- 

0.23 0.6 
39 95 
29 200 

s04 54 34 
HC03 30 to m 51 
Si O2 -- -- 
Organic 0 0 

(a)Stewartls well is high TDS value. 

Intermediate Irrigation 
Hot We1 1 s We1 1 s Raft River ~ 

93 (200) 21 (70+) Seas ona 1 
Variance, 

2600 550 - 2120 507 
4555 1720 - 3600 

117 738 (a) 1435 
210 - 1267 

94 35 19 a 

<o. 02 m m 
0.25 48 ' 59 
26 13 7.5 
88 lg l  (a) 53 - 320 76 

64 35 46 
41 174 
87 -- -- 

159 - m 

0 <10/100 ml 318/100 ml 
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al ternat ive.  F e a s i b i l i t y  o f  noneleetr ic uses o f  the  geothermal resource i s  
being invest igated due t o  the low-temperature, l ow-sa l i n i t y  charac ter is t i cs  o f  

' the geothermal water. -Consequ , environmental c t s  o f  the  l i q u i d  waste 

disposal w i l l  a lso depend on the u t i l i z a t i o n  of the f l u ids .  

L a bor a t o r  y (c017) covering e l e c t r i c a l  developments was not avai lab le f o r  t h i s  

t, 

* An enyironmental assessment prepared by the -  Idaho National Engineering 

I 

, report .  

ROOSEVELT HOT SPRINGS, UTAH , 

The Roosevelt Hot Springs geothermal area i s  located i n  southwestern Utah 
in'Beaver County about 274 km (170 m i )  southwest o f  Sa l t  Lake City, 332 km (20 
m i )  northwest o f  Beaver and 19 km ( i northwest of Mil ford. Beaver 
County borders Nevada t o  the west. 

Environmental S e t t i n g  

An environmental assessment repor t  i s  avai lab le for the Roosevelt 
geothermal area (U.S. Bureau o f  Land Management, 1975), but  i t  was not  
received i n  time f o r  considerdtion i n  t h i s  report .  A summary o f  environmental 
condi t ions i n  the area i s  conta Study of Geothermal Prospects i n  the  
Western United States. II ( c.2 1 

The geothermal area l i e s  i n  the Basin-and-Range province on the western 
f l ank  o f  the  Mineral  Mountains. 

e a i r  i s  r e l a t i v e l y  
clean w i t h  the  except io 
low. (C.2) 

rmanent stream f lows through the area, t 
ha1 1 ow groundwater i s t s  bu t  i r r i g a t i o n  pumplng 

6 ft) of surface subsidence, the on ly  Mi l fo rd  area has led  t o  up t o  1.8 
instance o f  subsidence caused by groundwater withdrawal i n  the  State o f  

o f  the thermal - 
area: desert scrub a t  Basin sage, 
cheat grass, ha1 ogeton) , pinon- jun iper  ( rabb i t  brush, b l  uebench wheat grass) L, 

I 
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L d  
and pinon-juniper pine (ponderosa pine, mountain mahogony) . Many animals roam 
the area, the dominant being mule deer, bobcat, coyote, golden and bald eagle, 
and the Great Basin rattlesnake. Two r a r e  o r  endangered species o f  b i rds  may 
be i n  the area, but no nesting s i t e s  are known. There are no aquatic plants 
and the only known aquatic animal i s  the Great Basin spadefoot toad. (C.2) 

The area i s  sparsely populated. The present population o f  Beaver Center 

1 "  - i s  about 4000. The two nearest populat ion centers are M i l f o r d  and Beaver, 
w i th  populations o f  1300 and 1500, respectively. (c.2) 

The thermal area i s  not inhabited but i s  v i s i b l e  from State Highway 257 
which does not ca r ry  much t r a f f i c .  I n t e r s t a t e  Highway 15 connecting Las Vegas 
and Sa l t  Lake City runs through Beaver: 

Government and trade employ the largest  number o f  workers. Transpor- 
tat ion,  mining, ag r i cu l tu re  and tourism are also important t o  the loca l  
economy, Some mining-related indus t ry  ex i s t s  a t  Milford. Pr iva te  land (12.6 
percent o f  County area) i n  Beaver County are used p r i m a r i l y  f o r  agr icul ture.  
The Roosevelt area i s  being used for grazing and mining. (C.2) 

Twelve h i s t o r i c  and p re -h i s to r i c  inhabited s i t e s  are known i n  the area. 
One o f  them i s  a chipping area w i t h  an associated C lov is  f l u t e d  p r o j e c t i l e  
po int  t ha t  i s  regarded as one o f  the most s i g n i f i c a n t  archelogical f inds i n  
the State o f  Utah. ( C - 2 )  

The general landscape i s  desert. The mountainous, southeastern p a r t  o f  
the area af fords moderate t o  h i g h l y  scenic areas. 
been a l tered by grazing and c u l t u r a l  features such as mines, roads, and 

The natural  environment has 

fences. (C.2) 

Geothermal F 1 u i  d Character ist ics 

Present indicat ions are t h a t  the geothermal system o f  the Roosevelt Hot 
Springs area i s  probably liquid-dominated. The o r i g i n a l  main hot spr ing was 
discharging lO,gal/min a t  88°C (190°F), but  the discharge decreased u n t i l  the 
spring went d ry  i n  1966. I n  1957, analysis of the spr ing water showed a t o t a l  
dissolved so l i ds  concentration o f  7800 ppm and a s i l i c a  concentration o f  313 

ppm. The spr ing once served a resort.  (C.2) 

g, 
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Informat ion was avai lab le on two wells. A shallow wel l  d r i l l e d  i n  1968 
W 

blew out a t  84 m (275 ft) and ha water temperatures i n  excess of 132OC 
(27OOF). During d r i l l i n g  o f  a d p we l l  (800 t o  85 i n  1975, 200,000 lb /h r  

of steam a t  204OC (400'F) was recovered; t h i s  changed t o  a sustained hot water 
f low a f te r  a cont ro l  valve was insta l led.  
charac ter is t i cs  o f  the  geothermal f l u i d s  o f  t h i s  area was avai lable. 

Environmental E f fec ts  o f  Geothermal L iqu id  Wastes 

No other information on the 

Environmental e f fec ts  o f  geothermal l i q u i d  wastes i n  the Roosevelt Hot 
Springs geothermal area cannot be assessed f o r  t h i s  repor t  since s u f f i c i e n t  
informat ion on the magnitude o f  the geothermal resource, the physical and 
chemical charac ter is t i cs  o f  the geothermal f l u ids ,  the  po ten t i a l  geothermal 
resource, and the environmental se t t i ng  o f  t h i s  area was not avai lable. An 
environmental assessment prepared by the U.S Bureau of Land Manage- 
ment 
resources on Federal lands i n  the v i c i n i t y  o f  t he  Roosevelt Hot Springs i n  
Beaver and M i l l a r d  Counties was not avai lab le f o r  consideration i n  t h i s  
report.  

VALLES CALDERA, NEW MEXICO 

covering the explorat ion and development o f  the geothermal 

The Valles Caldera geoth r m a l  area i s  located i n  northcentral  New Mexico 
i n  Sandoval County, about 97 km (60 m i )  nor th  o f  Albuquerque, 64 km (40 m i )  

nd 16 km (10 m i )  west o f  Los Alamos. 

An environmental repor t  was not avai lab le t o  summarize the environmental 
se t t i ng  o f  t he  Val les Caldera geothermal area without a comprehensive 
1 i tera ture  survey. 

Geothermal F1 u i  d Character i s t i cs 

Hot springs near the western edge o f  the Val les Caldera ind icate the 
existence o f  a l iquid-dominated system. Re la t i ve ly  high heat-flow values 
obtained j u s t  outside the caldera ind icate the po ten t ia l  o f  ex t rac t ing  energy 
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lu’ 
from dry  hot rock. (c*19)  Information was not avai lab le on the character- 
i s t i c s  o f  the  geothermal f l u i d s  i n  the  l iquid-dominated system and on the 
character is t ics  of e f f luen ts  resu l t i ng  from poten t ia l  d ry  hot rock 
developments. 

Environmental E f fec ts  o f  Geothermal L iqu id  Wastes 

Environmental e f fec ts  o f  geothermal l i q u i d  wastes i n  the Valles Caldera 
geothermal area cannot be assessed f o r  t h i s  repor t  since s u f f i c i e n t  
information on the magnitude of the geothermal resource, the physical and 
chemical character is t ics  o f  geothermal ef f luents,  the po ten t ia l  geothermal 
resource use, and the enviornmental se t t i ng  o f  t h i s  area was not available. 
There are no l i q u i d  geothermal f l u ids  i n  a d ry  hot rock system. Environmental 
e f fec ts  may arise, however, from the disposal o f  e f f l uen ts  a r i s ing  from the 
i n j e c t i o n  and withdrawal o f  water f o r  ex t rac t ing  the  heat from dry rock. The 
nature of the disposal problem w i l l  depend on the magnitude o f  the 
development; the o r i g i n a l  q u a l i t y  o f  the in jec ted  water; the chemical 
composi t ion, s o l u b i l i t y  and permeabi l i ty  o f  the hot rock (consequently, the 
q u a l i t y  o f  the water returned from the hot rock); the  u t i l i z a t i o n  o f  t he  
heated water and the environmental se t t i ng  o f  the s i te .  

Some prel iminary observations o f  Val les Caldera area are given by 
Waste heat would be discharged t o  the environment from 

e l e c t r i c  energy developments. Subsidence and seismic a c t i v i t y  i s  not expected 
from the competent, grani te  rock o f  t h i s  area, but it may occur if hot rock 
systems w i t h  more permeable o r  f ractured formations are developed i n  other 
areas. 
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posal and evaluates surface and subsurface disposal methods w i t h  respect t o  
techni cal , econmi c y  legal , and environmental factors.  

The disposal of geothermal l i q u i d  effluents could affect  the environment i n  an 
adverse manner. 
f lu id  properties (e.g. , temperature, pH, and chemical constituency), b u t  also by 
the large volumetric flows involved. The'task of waste disposal i s  also affected 
by such s i te-specif ic  variables as geology and environmental set t ing and by legal 
requirements and unknown economic factors ,  

Three disposal techniques are currently i n  use a t  numerous geothermal s i t e s  
around the world: d i rect  discharge in to  surface waters; deep-well injection; and 
ponding for evaporation. 

T h i s  report also reviews disposal techniques used i n  related industries. 
industry's e f for t s  a t  disposal of large quantit ies of l i q u i d  effluents have been 
quite successful as long as the effluents have been treated pr ior  t o  injection. 

T h i s  study has determined that  seven l i q u i d  disposal methods--four surface and 
three subsurface--are viable options f o r  use i n  the geothermal energy industry, I 

However, additional research and development is needed t o  reduce the uncertainties,  
and t o  minimize the adverse environmental impacts of disposal.  These recommenda- 
ti ons i ncl ude areas of detai led cost .  analysis , trace impuri ty cleanup , monitoring 
of pond leakage, identification of disposal areas, discharge in to  the ocean, 
compati bi  1 i t y  of wastewater and reservoirs , monitoring flow patterns,  integri ty  of well cement. and reservoir mnd~ling, _. . - 

K*yWords Liquid waste, geothermal brine, . 
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