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grammatic activities of t he  Geopressure Subprogram of the  Division of 

,. Subprogram is t o  stimulate Geothermal 
. r  

conomic, r e l i a b l e ,  opera- 
I 2  

de 

t i ona l ly  safe ,  and environmentally acceptable energy source. The sub- 
I. \ 

recognized tha t  most of t h e  subprogr 

years and are i n  t h e i r  ea r ly  s tages  of implementation a t  t h i s  time. 

region located 

nd Louisiana Gulf Coas 

(300 km) i nes are sedimentary bas ins  where water 

is trapped a t  high pressures within or below thick,  nearly impermeable 

Sha t o r  a l l  of the  weight 

and causes forma- 
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The f l u i d  resource base is the  po ten t i a l  recoverable energy wi th in  the  

geopressured zones. It cons is t s  of three major forms: water a t  high 
- 

temperatures, water a t  high pressures, and dissolved n 

Geopressure r i e  wi th in  the warm-temperate, subtr 

supports a m i  te. Average temperatures decline n 
_i 

. Humidity i 0%) i n  summer. Annual 

p i t a t i o n  increases northward along the Gulf Coast f r  
r ,  
, L E r  

150 cm (60 in.)  on the Texas-Louis border and 163 cm (64 in..) along 

the  Louisiana coast  . Tropical cyclones commonly reach coas ta l  areas. 

A i r  qua l i t y  is generally excel lent .  

Surface water flow pa t te rns  are generally toward t h e  Gulf of Mexico. 

water channels include the Mississippi and Calcas 

i n  Louisiana and the Rio Grande, Nueces, San Antonio, Colorado, Brazos, 

Tr in i ty ,  and Sabine rivers i n  Texas. Dams control  discharge. 

Four d i s t i n c t  h a b i t a t  types are seen i n  coas ta l  Texas and Louisiana: 

b a r r i e r  i s lands  , t i d a l  marshlands , ' r iver  bo t  toms , and uplands. 

Pr inc ipa l  

leum and na tu ra l  gas production, and unused marshland. 

land i s  Federally owned. 

ag r i cu l tu ra l  products. 

uses i n  the geopressured regions are ag r i cu l tu r  

Rela 

Cotton and beef production are pr inc  
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ange ,$ram- ,spar the region. Most W 
population centers  . 

Poten t i a l  environmental impacts may r e s u l t  from a va r i e ty  of programmatic 

a c t i v i t i e s  and w i l l  vary i n  importance i n  d i f f e ren t  areas. 

the  adverse e f f e c t s  of geopressure exploration, construction, and opera- 

t i on  a c t i v i t i e s  can be minimized t o  acceptable l eve l s  with proper planning 

and the appl icat ion of appropriate cont ro l  technology. 

I n  general, 

Poten t ia l  environmental e f f e c t s  of resource exploration and development 
I 

include noise,  contamination of water bodies with d r i l l i n g  muds, ground- 

water contamination, s i l t a t i o n ,  erosion, and the  noxious e f f e c t s  of re- 

leased gases and aerosols.  

Construction of u t i l i z a t i o n  f a c i l i t i e s ,  pipel ines ,  and transmission 

l i n e s  w i l l  have impacts similar t o  any l a r g e  construction a c t i v i t y .  

Po ten t i a l  environmental effects of operation of u t i l i z a t i o n  f a c i l i t i e s  

may be caused by noncondensable gas release, noise,  geothermal f l u i d  

disposal,  and cooling tower discharge. In  addi t ion,  subsidence may 

r e s u l t  from withdrawal of l a rge  volumes of geothermal f lu ids ;  t h i s  

would a f f e c t  urban areas o r  near-shore ecological  communities. 

Soc ie ta l  e f f e c t s  are not  grea t  and can b e  mitigated with proper planning 

and community involvement i n  decision making. 



s addressed' include no action and delayed 
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FOREWORD 

This environmental impact assessment (EIA) has been prepared in compli- 

ance with the requirements of Title 10, Part 711, of the Code of Federal 

Regulations, which prescribes the procedures to be followed by the Energy 

Research and Development Administration (ERDA) for implementation of the 

National Environmental Policy Act of 1969. The assessment addresses the 

expected programmatic activities of the Geopressure Subprogram of the 

ERDA Division of Geothermal Energy (DGE). 

one of several subprograms developed and implemented by ERDA for ful- 

The Geopressure Subprogram is 

filling its legislative mandate fo pursue a National Geothermal Energy 

Research, Development and Demonstration Program. 

c This EIA is based on information available as of January 1, 1977. 

though specific sites and designs are not available due to the program- 

Al- 

matic scope of this assessment, the information presented here provides 

a sufficient basis for evaluation of potential environmental impacts 

resulting from subprogram implementation. 

The EIA is divided into eight parts. 

and the purpose of the Geopressure Subprogram; Part 2 characterizes the 

existing environments in regions expected to experience programmatic 

activities; Part 3 describes programmatic activities; Parts 4 and 5 ad- 

dress the potential environmental, economic, and social effects of pro- 

Part 1 provides general background 

t, 

grammatic activities on the existing environments; Parts 6 and 7 deal with 

monitoring and institutional considerations; and Part 8 addresses 

alternatives . 
xiii 
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PURPOSE OF THE PROPOSED ACTIVITIES , 

Environmental assessments of significant programmatic activities and 

individual projects of the Division of Geothermal Energy (DGE) of the 

Energy Research and Development Administration (ERDA) are being prepared 

in accordance with the requirements pf 10 CFR Part 711. This environ- 

mental assessment of the;geopressure subprogram addresses the expected 

programmatic activities, affected environments, and possible impacts on 

a regional basis. 

w31L be prepared at appropriate.later dates for DGE-supported projects 

having potential -environmental impacts. ~ This document identifies areas 

ob I potential Ampact on the human environmen hat could ,result from the 

Individual site-specific environmental assessments 

~ combined.or hdividual projects of-the geopressure subprogram and from 

the resultant industry associated with the technology demonstrated. 

1.1 NATIONAL ENERGY POLICY 

The National Plan for+ E 

to $explore a wide range of energy optgons to meet this country's growing 

energy needs. 

-the relatively llmited supplies of natural gas and oil; to increase 

use of the more abundant (or Jess used) supplies of cwl, ani=, solar, 

geothermal, .and fusion.energies; and to.;qeduce energy demand through 

cons enation: 

The basic objectives are,to decrease our dependence on 

Present estimates indicate that petroleum production in the United States 

cannot meet national demands beyond 1990. Thus, long-range planning, u 
1-1 
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equipment and process development and demonstration, and f inanc ia l  

ass i s tance  f o r  commercialization are necessary i f  adequate domestic 

energy alternatives are t o  be ava i lab le  t o  meet na t iona l  needs f n  the  

To ensure t h a t  geothermal energy can supply a reasonable percentage  of^ 

t h i s  country's energy needs, Congress has .enacted the  Geothermal Enetgy 

Research, Development and Demonstration A c t  of 1974.2 

thenFedera l  Government t o  encourage a n d ' a s s i s t  p r lva t e  industry i n , t h e  

development and demonstration of prac t icable  means of producing energy 

from geothermal resources i n  an environmentally sound manner. 

This act calls on 

This 

ass i s tance  is t o  include resource assessment, research and development 

pro jec ts ,  education, and d i r e c t  f i nanc ia l  ass i s tance  t o  p r iva t e  industry. 

1.2 ERDA GEOTHERMAL PROGRAM 

ERDA w a s  mandated by its organizing l e g i s l a t i o n  t o  pursue t h e  major por- 

t i o n  of a National Geothermal Energy RD&D Program.3 The goal of t h i s  

program is  t o  work with industry t o  provide the  nation with an acceptable 

op t ion - fo r  timely explo i ta t ion  of geothermal resources i n  the  United 

States.' 

approach which includes (1) reducing uncer ta in t ies  i n  resource -assessment 

affd (2) a s s i s t i n g  industry t o  rapidly develop the  na tu ra l  geothermal 

resources and extend the  usable geothermal resource base through advanced 

To m e e t -  t h i s  goal, ERDA has developed a s t rd tegy  for a diverse  

technology. 

LJ 

.. . v .  I .  . 
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The specific parts of the program address 

ment are included i n  the geopressure subprogram. 

is environmental assess- 

In a l l ,  there are 

olten rocks of 

s time. They 

dry rock resource. 

V 
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1.2.1- Hydrotherinal subprogram , .  < .  ~ . ~, ~ .. ,.- . , 
. . . .  I' . 

a t ing  a t  The G e  

t iona l  400 MW(e) within the next few years. 

nonelectr ical  capacity has been de 

hydrothermal regions i n  the United 

A t o t a l  of only 16 MU of 

oped f o r  a l l  of the liquid-dominated 

ates. Because of the energy poten- 

liquid-dominated resource, ERDA hydrothermal subprogram 

es support of this resource over the vapor-dominated resource. 

However, some support of vapor-dominated hydrothermal development is 

provided a t  this  time by other  E U  programs, including environmental 

research programs and the geothermal loan guarantee program. 

The 

the 

fo r  

spec i f i c  objectives of the hydrothermal subprogram are t o  (1) determine 

technical f e a s i b i l i t y  of using liquid-dominated geothermal resources 

r generation and ical  appl ica t  

c 

L' 

geothermal heat and (2) support research and development ac t iv i t i e s  i n  

this area. The subprogram development e f f o r t  w i l l  s y s t  ess 

from the tes t ing  of components and subsystems under f i e l d  conditions to  



reservoir exploration and assessment, field development, and gcafed 

testing of integrated energy conversion systems in pilot or demonstration 

. E  

1.2.2 Geopressure subprogram 

W 

The geopressure resoirrce includes water'at high-temperatures and high 

pressure6 trapped -within basin ' sediments "Yldng 'the Texas-Louisiana Gulf 

The 'water is confined within; or below essentially impermeable 

shale seqaidnces andLcarries most or all 'of the overburden pressure. 

Such "zones .are-'ref erted -to as * "geopressured strata." 

sediments are heated to higher than normal temperatures for depths at 

which geopressured formations occur (up to 26OoC) and may provide poten- 

Currently, indus t 

limited because it is a regional resource without development experience. 

Thus, the ERDA geopressure subprogram will include stimulation of 

intetes t !at alli stages of 

o f  knowledge regarding reservoirs through support for-the construction 

from evaluation of the state 

and operation of pilot and demonstration plants. 
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1.2.3 Elot dry rock subprogram- 

f 

The hot dry rock resource consists of rocks having a high therm1 gradient, 
.~ 

sent. There is a sub aliy greater 
. I .  

. I  

amount of heat energy contained in hot rocks than'in geothermal fluid 

reservoirs, and a large portion of these rocks is within reach of present 

drilling technology. ERDA is suppor evelopment of methods for 
- i- 

, >  
extracting the heat from hot dry likely method is .! that of 

drilling two holes and fracturin 
.**. - 

to be circulated through the rock. The heated fluid would then be used 

as a heat source in a manner similar to natural geothermal fluids. 
- 1  

-~ e -  

The goal of the ERDA hot dry rock subprogram is the development-and . 

demonstration of the technology to extract and use the energy ofdiffer- 

ent types of hot dry rocks. The pursuit of this goal will include ~ 

resource assessment, development of energy extraction,techniques, and 

development of-systems for using the resource in an environmentally 

acceptable manner. 

The ERDA hot dry rock subprogram will include all-aspects-of development 

support - from the rock characterization and resource reconnaissance 
stage through construction and operation of pilot and demonstration 

plants. 

The environmental assessment of the hot dry rock subprogram wil1,be 

.- ~ T published separately. .. _ -  



1.3 GEOPRESSURED RESOURCE DESCRIPTION 
- >  - %  

- .^_. - . 
I 

Geopressured zones are sedimentary basins where ter is trapped at high 

within thick, a rly impermeable i shale sequences. The confined 

water supports most or :a1 , x  of the weight of the’overburden. This inhibits 
‘2 

as 2 6 O O C  (500OF) in very deep 

the United States, numero 

Gulf of Mexico basin (se 

bd’ 

cal environments. Fo 

ig. 1.2 and Tables 

herefore this assessment i s  confined 

to the environmental impacts of onshore development. W 



. .  . .  
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Fig. 1.2. Location map showing the extent of the assessed geo- 
pressured zones and their division into subareas (AT, BT, e t c . ) .  Source: 
S. S. Papadopulas, R. H. Wallace, Jr. ,  J. B. Wesselman, and R. E. Taylor, 
"Assessment of Onshore Geopressured-Geothermal Resources in the Northern 
Gulf of,Mexico Basin," GeoZo&caZ Survey C k % i ! a ~  726, 1975. 

,L . 
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samples (g/l i ter) 

15" 
ATL2 20,965 2.47 4.23 78.5 156 208 

1 

AT1 8,948 2.36 4.18 82.4 186 

BT1 13,588 1.82 3.91 74.6 170 362 30 
BT2 5,595 . 2.32 4.16 81.4 150 50 38 
CT1 8,230 2.47 4.23 81.4 172 20 24b 
DT1 4,861 2.92 4.46 88.3 172 95 23 

DT3 7,425 2.41 4.20 80.4 153 67 28 
DTL4 5,102 2.62 4.31 83.4 141 
DL5 7.0 15 3.01 5.01 102.0 164 
DL6 3,729 3.05 5.02 104.0 160 

DT2 5,155 2.68 4.34 86.3 169 2 33 

5,400 2.96 4.48 83.4 168 34 34b 1 

1 
ET1 
ET2 1,938 2.63 4.32 83.4 166 24 17 * r  

ET3 7,496 2.37 4.19 80.4 146 27 
ETL4 3,461 2.63 4.32 87.3 140 
EL5 8,144 3.66 5.33 106.9 165 
EL6 8,849 3.32 5.16 105.0 159 
EL7 6,249 2.99 5.00 100.1 146 
FT1 2,269 3.11 4.55 86.3 171 
FT2 4,707 3.76 5.38 t05.0 148 
F ,139 3.88 5.44 110.8 151 

-_  

1 

,265 

'Estimated; samples not available. 
bSalinity as N'aCl calculated from spontaneous potential of well logs; number of samples refers to number of well logs. ~ 

COnly a few samples from deep zones are included. 
dNo samples from deep zones are included. 

1 

I 

r 
I 

I "Source: S. S: Papadopulas, R. H. Wallace, Jr., J. 8. Wesselman, and R. E. Taylor, "Assessment of -Onshore 
Geopressured-Geothermal Resources in the Northern Gulf of Mexico Basin," Geological Survey Circular 726, 1975. 1 ,  

c 
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. -  Lower shale bed 

Resources in the Northern Gulf of Mexico Basin," Geological Survey Circular 726,1975. 



The geopressured 

forms: water a t  

na tura l  gas. 

Much of the  heat  
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f l u i d  resource base contains energy i n  three major 

high temperature, water a t  high pressure, and dissolved 
- 

.~ 
conducted upward from the  mantle i s  absorbed by the  

undercompacted water-bearing zones because of t h e i r  insu la t ing  properties.  

Temperatures of 107 t o  149OC (225 t o  300OF) occur a t  depths of 3,000 m 

(10,000 f t ) ;  a t  depths of 4,500 m (15,000 f t ) ,  temperatures i n  e 

1 7 7 O C  (350OF) are often found. Within the basin,  temper 

than 26OOC (500OF) have been found a t  depths of 6,000 m 

These temperatures represent s ign i f icant  thermal energy 

t o  e l e c t r i c i t y ,  i ndus t r i a l  and agr icu l tura l  process heat ,  and/or space 

heat  energy. 

In addition t o  the high temperatures of the water, these f l u i d s  a l s o  

exist a t  abnormally high pressures. Under normal conditions, i n t e r s t i t i a l  

waters e x i s t  at  about 0.0106 MN/m3 (0.465 p s i / f t )  o r  hydrostat ic  pressure. 

However, the geopressured waters of ten approach l i t h o s t a t i c  pressure 

[0.0227 MN/m3 ( 1  ps i / f t ) ] .  

bores and t o  the  surface where poten t ia l  hydraulic energy can be 

verted f o r  useful purposes, such as the generation of electricity. 

change from hydrostat ic  t o  l i t h o s t a t i c  pressure is  usually characterized 

by an abrupt in te r face  encountered a t  depths from 1,500 t o  4,500 m 

(5,000 t o  15,000 f t ) ;  beyond t h i s  in te r face ,  the  sediments exhib i t  

increasingly abnormal pressure with depth. * 

Fluids, therefore,  flow readi ly  i n t o  w e l l  

The 

* 

bv 
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The shales" t h a t  

source betis f o r  mos 

of t h e  Gulf of Mexico basin,* Natural gas 

apparently available within these formation f l u i d s  . 

the  geopressured zones are thought t o  be the  

or  a l l  the hydrocarbons within the Cenozoic portion 

a s i l y  soluble i n  water, is 

up t o  100 f t 3  

f nktural gas per barre1,of  water may be dissolved under' 

the  high pres  

p r i se s  most o 

e-high ' temperature reservoir  conditions. ' Methane com- 

issblved gas; eth'ane and propane are present i n  

minute quan t i t i e  Only m i n i m a l  concentrations of heavier hydrocarbons 

a'. ' Tested dry-gas reservoirs  i n  the geopressured zones indicated 

of hydrogen su l f ide  His) or other  ser ious contaminants, but  

small amorints of H2S be present In t he  geopressured reservoirs  i n  

om.* The potent ia l  uses of such a r e l a t lve ly  pure and eas i ly  

W 
accessithe na tura l  gas 'are 

Within the  formatio eopressured zones o f , sou th  Texas coas ta l  

l i n i t i e s  are c l y  less thani 20,000 ppm TDS and are of ten  

s of south Zouieiana geopressured zones 

rtain. S a l i n i t i e s  'generally exceed 100,000 ppm f o r  thick,  

norrnally pressured sand uni t s  overlying the geopressured shale.  

the ions o r ig ina l ly  present i n  the formation waters are f i l t e r e d  out as 

they migrate from the shales  

Most of 

bward the -sand aquifers i8  The benef i t s  of 

i t y  waters are twofold: (1) *they can hold more'methane in solu- 

(2) with minimal desal inat ion e f f o r t s  they might' be used t o  

such -as spac8. heating, process 'heat; ' i r r i ga t f an ,  .and 



1-14 

Economic, engineering, and environmental conditions def ine more 

c a l l y  those areas where energy from geopressured zones would be most 

marketable. . The current ly  accessible  pore f l u i d s ,  therefore ,  l i e  between 

the top of geopressure and the  depth of w e l l  control  (an estimated 6 km 

i n  Texas  and 7 km i n  Louisiana) ,7 

sand beds of thickness required and form a system of fairways along the 

northern and western Gulf coast .  

o ldes t  zone with geothermal poten t ia l .  

covers an area 1,460 km long and 100 ,km wide, e s sen t i a l ly  p a r a l l e l  t o  

t he  coast .  

3,000 m (10,000 f t )  where temperatures average 120'C (250OF) but  have 

been found in excess of 18OoC (325'F); pressures are approximately 

80 MN/m2 (11,600 p s i  o r  near overburden pressure).  

thickness ranges from 700 t o  1,700 m. 

Kehle,. the power po ten t i a l  f o r  the  Eocene-Wilcox group would b e  approxi- 

mately 7,400 MW centur ies  (Table 1.3) f o r  conversion of heat  t o  electric 

power.6 Total  po ten t ia l  energy exceeds t h i s  value due t o  the  mechanical 

hydraulic energy of the  high-pressure f l u i d s  and the chemical energy 

s tored i n  methane gas. 

The .W$lcox and Frio formations contain 

The Eocene-Wilcox group 1s perhaps the 

The l i n e a r  development of sand 

The top of geopressure is generally found a t  a depth of 

Overall sediment 

As calculated by Dorfman and 

In  comparison, the pressured Fr io  sediments of Oligocene-Miocene age 

underl ie  more than 50,000 km2 of the Texas coas ta l  plain.  Propert ies  

L. 

and sand thickness of the  Fr io  are similar t o  the-Wilcox and may thus 

hold a potent ia l .exploi tab1e geothermal reserve of 7,500 MW centuries.  

With these and other  geopressured sand bodies considered, the  ove ra l l  
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Width of known geopressured zone: 40 km 
Areal extent of Wilcox geopressured zone: 58,400 krn2 
Average zone thickness in geopres 
Assuming 20% of interval is sand, 

Estimated volume of geopressured sand: 14,000 km3 
aueraq porosity of sand 

seful change$ temperature: 75°C ' 

Heat capkity: 1 .O calPC-g 

ssuming a 14%&eff,ic,i 
Total useful enthalp r =  

Power potential = 7,400 MW centuries based on 25% reservoir depletion 
25.62 X lo9 MWhr, or 2.96 X lo4 MW centuries . 

. .  
of Texas," Geological Circular 744, Bureau of Economic Geology, Univer- 

y of Texas, Austin, 
i ., 
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avai lable  electric power poten t ia l ,  as converted from heat ,  would be 

approximately 20,000 MW centuries .6 

Total po ten t ia l  and exploi table  energy f o r  the northern Gulf coast  is  

estimated between 552.4 x 10l8 and 17,000 x lo1* ca17 (25,900 and 

79,700 MW centuries,  a f t e r  the form of Dorfman and Kehle). 

1.4 PROPOSED GEOPRESSURE SUBPROGRAM ACTIVITIES 
, %  

The geopressure subprogram w i l l  explore a range of technical-, economic, 

and i n s t i t u t i o n a l  fac tors  associated with 'developing t h  

resources. 

of resource development, resource u t i l i z a t i o n ,  engineering research and 

development, and environmental control  and i n s t i t u t i o n a l  s tudies .  

The subprogram a c t i v i t i e s  may be grouped i n t o  the categories 

1.4.1 Resource development activities 

Resource development support is  focused on the areas of exploration 

technology, reservoir  assessment, and reservoir  confirmation. New 

techniques and instrumentation f o r  exploration technology, including 

high-temperature equipment and materials development, are being funded. ' 

Resource assessment w i l l  consis t  of (1) an assessment of the geopres- 

sured aquifers  i n  Texas  and Louisiana tha t  uses ex is t ing  w e l l  logs,  

seismic data ,  and micropaleoentological information; (2) the  acquis i t ion 

of spec i f i c  reservoir  information on a regional bas i s ;  and (3) the per- 

formance of w e l l  production tests. Two tests are current ly  planned f o r  

representat ive reservoir  conditions. 
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.Short-term production tests on ex is t ing  w e l l s  and longer-term tests on W 
new w e l l s  w i l l  be performed t o  be t t e t , de f ine ‘ the  f ac to r s  a f fec t ing  the  

development of extract ion technology. Information w i l l  be sought f o r  

d r i l l i n g ,  d r i l l i n g  completion, materialsI corrosion, sand control ,  

reservoir  management, and w e l l  maintenance. 

1.4.2 Description of u t i l i z a t i o n  projects  . 

. -  
Those spec i f i c  u t i l i z a t i o n  projects  associated with the geopressure sub- 

program tha t  have poten t ia l  environmental impacts w i l l  each have an 

environmental assessment prepared as required. This sec t ion  b r i e f l y  

describes the  presently planned projects  to,provide aaGoverview of the  

projects  associated with the  subprogram, After information is bbtained 

hd 
which confirms t h e ’ f e a s i b i l i t y  of producing useful ,quantit ies of f l u ids ,  

conversion technology f o r  transforming the geopressured energy i n t o  a 

more -usable form.will be .supported through the  construction and operation 

of EL p i l o t  p l a n t - t h a t  uses a flashed-steam or binary-fluid power cycle. 

- A  representat ive si te-will  b selected fo r t th i s  p i l o t  plant.  After 

demonstration of the selected power cyc le ,%the  p i l o t  plant  w i l l  be  re t ro-  

f i l t e r e d  with an advanced power cycle,.such as the total-flow concept. 

.Geopressured f l u i d  w i l l  be  used f o r  testing~equipment and f o r  invest igat ing 

scal ing and corrosion problems. 

may be attempted as w e l l .  

Some-downhole technological developments 

A p i l o t  plant  w i l l  a l s o  be ucted t o  test a system f o r  generating 
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The site for the pilot plant has not been selected. ktest facility for 

evaluating flowing wellhead conditions of geopressured fluids' is also 

planned and will consist of test wells, experimental space, and test 

facilities. No site has yet been selected. 

In addition, a market analysis for nonelectrical energy applications will 

be made, followed by the conceptual-design of-a geopressured heat distri- 

bution and utilization system. 
* -  

ERDA is supporting engineering research and development to identify and 

develop needed advances in geopressure resource development and utiliza- 

tion and engineering technologies. The drilling technology support in- 

volves improving existing methods and equipment to reduce the cost and 

environmental hazards of drilling and developing n e w  drilling technology 

such as high-temperature drilling fluids and cements,*and compacted- 

diamond drill bits. Utilization technology support is focused on devel- 

oping advanced components and techniques for improving the reliability 

and efficiency of energy conversion processes. 

technology support will include basic and applied studies of geopressure 

fluid chemistry and materials technology for energy extraction. 

Geochemical engineering 

1.4.4 Environmental control and institutional studies 

. "  

Environmental control and instituti 

address the critical environmental, health, safety, policy, and 

1 studies will be supported to 



e 

8 1-19 

br 

b, 

institutional considerations involved in making geopressure technology 

commercially feasible. Activities include environmental studies, eco- 

nomic analysis, end policy and planning analysis for the overall geo- 

thermal RD&D program ,and for the geopressure subprogram specifically. 

1.4.5 +Existing geothermal technology 

been confined to resource 

such that substantial energy production is p 

The Geysers, provided the proper incentives 

would permit the production of electricity from,low-salinity high- 

temperature fluids by direct-flash methods, the utilization of heat 

directly from 'low- to moderate-temperature fluids with low scaling poten- 

tial, the,recovery of some minerals and chemicals from suitably consti- 

tuted fluids, and the desalination of moderate-salinity fluids to produce 

freshwater 
1 - ,, /- 

*1 

Present geothermal technology centers around the relatively clean, 

moderate- to high-tempersture.sgeotherma1 fluids .and the dry steam at ,The 

Geysers. ,Since a substantia1,amount of $he hydrothermal resource has high 

percentages of total dissolved solids 

areas have only low- to moderate-temperature fluids,. fhis,technology 

places an effective upper limit on the energy likely to be produced 

d since many-.geothermal resource 

from geothermaJ reservoirs with current technology. 



1220 

Estimates of the t o t a l  capacity of The Geysers reservoir  vary, bu t  it is 

poss ib l e ' t ha t  about 5,000 MWe of capacity can be i n s t a l l e d  there  within 

the  %oreseeable future.  

Valley and of other regions i n  the United S ta tes  might be'expected t o  

contribute an addi t ional  20,000 MW of electric and equivalent nonelectr ic  

capacity with ex is t ing  technology by the  year '1995 if development s t a r t e d  

The liquid-dominated reservoirs  of  the Imperial  

soon. Thus, a t o t a l  of 25,000 MWe of geothermal capacity might be 

y firm plans  f o r  i n s t a l l ed  

expansion t o  about 1,500 

1.4.6 Future development 

A cautious reminder, however, 

capacity t o t a l  j u s t  over 900 

MWe by 1985 ( a t  The Geysers). 

As s t a t ed  earlier, the National Geothermal Energy R&D Program was 

designed t o  'stimulate geothermal development using ex is t ing  technology 

as w e l l  as t o  promote new technologies f o r  increasing the developable 

resource base. These new technologies involve resource development and 

u t i l i z a t i o n  and concentrate primarily on the development of methods f o r  

using (1) the moderate-temperature f lu ids  and the high-salinity f lu ids  

fo r  electric production, (2) the low- t o  moderate-temperature f lu ids  in 

nonelectr ical  applications,  and (3) the  geopressured energy and na tura l  

gas of the  geopressured resource. 

t o  the resource base would increase the in s t a l l ed  capacity i n  1995. 

More important, the  poten t ia l  growth rate f o r  new capacity would t r i p l e  

by the year 1 9 8 6 o r  1987 as compared with present technology. 

The addition of t h i s  new technology 
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The ERDA geopressure subprogram . L  is supporting - 1 .  
efforts  aimed a t  encourag- 

ing (1) the addition of the geopressured resource to the national energy 

LJ 

base by the time the'r em&d (2) for- 
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b, 2. ENVIRONS OF POTENTLAL DEVELOPMENT 

r 

Known geopressured r 

i n  the United S ta tes  

ces with high poten t ia l  f o r  fu ture  developmen 

and along the Texas- 

n t i a l  geopress ont inental  shelf  w i l l  

nct ion .are not  avail-  

- . -  

Texas-Louisiana Gulf 

t i on  of thick 

of water a t  

rldwide and-are  found asso- 

South China Sea, the Red Sea, the North Sea, the  Arctic 

Islands,  and other former o r  present sedimentary basins1 (Fig. 2.1). 

The Gulf of Mexico coas ta l  geosyncline is the most extensive and w e l l -  

understood high-pressured region and c lear ly  exemplifies the  geopressure 

2-1 
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’6, processes associated with geosynclines: 

mulation, and growth f a d t  development: 

subsidence, rapid sediment accu- 
- 

The Gulf of Mexico lies within the Atlantic-Gulf- coastal  province of 

rica. 

ambrian rock, great  -thicknesses of Mesbzoic and CBnozoic s t r a t a  

Underlain by a basement of highly metamorphosed Paleozoic 

250 m (50,000 f t ) ]  make up the  Gulf geosynclinal sequence and 

d kdong the  coastal  area. 
. _  

According to Meyerhoff et  al. ,2 f i v e  majo 
_- “ i  

influenced the geosynclinal develop Gulf Coast: 

s t r u c t u r a l  grain of determined the  

Gulf of Mexico) 

formation; ‘(3) the 

ded an important 

eventual geopressure 

f a u l t s  developed subpara l le l  

Texas-Louisiana coast  (Fig. 2.2).  Growth 

f a u l t s  are normal f a u l t s  which have a substantial increase i n  vertical 

displacement with respect t o  depth and a great thickening across t h e  
L- 
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of miocene deposits -northern Gulf of Mexico Basin. Source: Eugene 
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Beneath the Gulf Coastal Plain of Texas. A Feasibility Study of Power 
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sec t ion  from the  upthrown t o  the  downthrown block.3 

arcuate pa t te rns  where p 

thrown, Gulfwar 

These f a u l t s  form 

p on the  down- 

The cause of such f 

may be i n i t i a t e d  by a great ly  increased overb 

ments continue t o  expa 

nes bel ieves  i t  

eaward in to  the  G u l f ,  unde 

clays cause g 

i n  areas of heavy influx. 

allow greater  overburden pressure which, i n  turn,  causes fu r the r  faul t ing.  

th f a u l t s  t o  form along planes of s t ruc tu ra l  weakness 

A continuing cycle develops as growth f a u l t s  

Rubey and Hubbert have propos 

rav i ty  s l i d i n g  

is act ivated where 

strength of t h e  rock. 

f a u l t s  result. 

opment,of geop 

or during the .  

thrown blocks t o  accumulate the  large amaunts of clastic units asso- 

c ia ted  with the  geopressured regime. k, 
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Gulf Coast Tert iary sediments may reach thicknesses of 15,250 m 

(50,000 f t )  o r  more;l formations of t he  Cenozic-Texas Gulf Coast are 

l i s t e d  i n  Fig. 2.3. 

sequence where water entrapment and abnormally high f l u i d  pressures have 

developed. 

la ted  by pinching out  o r  faul t ing.  

pressured zones occur within o r  below the  Oligocene-Frio Formation. 

The upper, normal pressured s trat o n s i s t  'mostly of sands.',* 

The lower and middle s t ra ta 'comprise  a th ick  sha le  

These shales  are interbedded with sand lenses  t h a t  are iso- 

Within the sha le  sequence, most geo- 

Following deposit ion,  the  density of these un i t s  is la rge ly  determined 

by porosity.  

pressible ,  any sediment compaction implies a reduction i n  porosi ty  and 

an expulsion of intersti t ial  f lu ids .  

Because ne i the r  clay p a r t i c l e s  nor water are readi ly  com- 

As sediments are added t o  the  over- 

burden, i n t e r s t i t i a l  waters are expelled, and the  clay beds gradually 

consolidate. However, while compaction continues, the rate of f l u i d  

expulsion lessens due to  a continuous decrease i n  sha le  porosi ty  and 

permeability. 

f l u i d  movement has evolved simultaneously with increases i n  sedimentation 

and overburden pressure along the  f ronts  of seaward expanding d e l t a  

systems. Eventually, f l u i d  movement from the  shales  i s  r e s t r i c t ed .  

According to  Jones, no r e l i a b l e  measurements f o r  permeability are 

avai lable ,  though Papadopulas e t  a1.9 a r b i t r a r i l y  designates a value of 

only 0.0001 mi l l idarc ies  (md) f o r  the high-pressured shales.  Water can 

no longer be forced i n t o  the  d is tan t -over ly ing  strata, and fu r the r  com- 

paction is prevented. 

I n  r e l a t ion  t o  the  Gulf Basin, the  continual decrease i n  

The i n t e r s t i t i a l  f l u i d s  begin to  assume pa 
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the overburden load such tha t  pore pressure ul t imately exceeds hydro- 

s ta t ic  pressure, o r  0.0106 meganewtons/m3 (0.465 p s i / f t ) .  This condi- 

t i o n  cons t i tu tes  "geopressure." 

The geopressure in t e r f ace  is characterized by an abrupt change from 

hydrostat ic  pressure t o  geopressure and occurs within a range of 

1,500-4,500 m (5,000-15,000 f t )  deep,* I n  t h e  Gulf coas ta l  basin, this 

change usually occurs between 3,000 and 4,000 m (10,000 and 12,000 f t ) .  

Beyond t h i s  in te r face ,  pressures increase s t e a d i l y  with depth and of t en  

approach l i t h o s t a t i c  pressure, o r  0.227 meganewtons/m3 (1 p s i / f t ) .  

Temperatures within these beds are abnormally high. 

undercompacted sha les  and t h e i r  enclosed sands act as a thermal b a r r i e r  

The water-fi l led,  

and r e t a i n  much of the hea t  conducted upward from the  Earth's mantle. 

Relatively l i t t l e  hea t  is t ransfer red  t o  t h e  overlying sediments. Above 

the high-pressure strata, temperature gradients are normal but increase 

sharply below t h e  geopressure in te r face .  

from 2.3'C/100 m (1.3'F/100 f t )  t o  3.8'C/100 m (2.1°F/100 f t ) . 8  

creases of up t o  100% have been recorded by Dorfman and Deller from 

2.7'C/100 m (1.5'F/100 f t )  t o  5.5'C/100 m (3.0°F/100 f t ) . l o  This con- 

s t i t u t e s  a thermal in t e r f ace  which coincides with both t h e  geopressure 

in t e r f ace  and the  120'C (248'F) isotherm. Temperatures increase with 

depth beyond t h i s  boundary depending on l o c a l  conditions. 

6,000 m (20,000 f t ) ,  temperatures exceeding 260'C (500'F) have been 

found. 

Schmidt notes a 60% increase 

In- 

A t  depths of 
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w a j o r  sources. Most of the  

n i t i a l  deposition. 

r i l l o n i t e  is a 

major const i tuent  of these mud 

t h i s  hydrous mineral absorbs two 

t high temperatures be- 

erts to  i l l i t e  and releases 

coinci'de I n  pa r t  with the  

implies t ha t  much of the  

water bound t o  montmorillonite is l ibera ted  within geopressured shales. 

impermeable shales  

u dens i t ies  -at depths of 

ult imate density * 

t la rge  volumes 
1 

of water remain t o  be expelled from the un 

there  is a' g e n e r u  

ts outer  contacts 

elsults -of t h i s  are twofold.13 

decreases. Therefore; 

ins and towards 

increases as the  porosity decreases due t o  the greater  f i l t e r i n g  

* 
I 
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capab i l i t i e s  of less porous sediments. 

porosity shale  boundary, salt ions become trapped. 

results and causes an osmotic flow of water from t h e  cen t r a l  7~ zone 

As water passes through t h e  low- 

A 
i t  

ine  outer  margins. The di rec t ion  of osmot 

sha le  thus -.  p a r a l l e l s  t h a t  of compaction flow. 

Both compaction and osmotic flow are f a c i l i t a t e d  by the dehydration of 

montmorillonite. 

is l ibera ted .  

t h e  cen t r a l  zone and promotes water migration from t h e  shales' cen 

During conversion t o  i l l i t e ,  f r e e  water (15% by volume) 

This increases  both f l u i d  and osmotic pressures within 

7 zones t o  t h e  sands. 

The d i rec t ion  of f l u i d  migration coincides with t h e  movement of dissolved 

gases. 

t h e  Gulf bas in  o r ig ina t e  i n  t h e  Cenozoic shales. 

pressured f lu ids ,  nearly a l l  of the hydrocarbon resource cons is t s  of 

na tu ra l  gas, primarily methane. 

It is estimated t h a t  most o r  a l l  of t h e  hydrocarbon sources with 

Within t h e  geo- 

Ethane and propane are present i n  minute quant i t ies ,  and only minimal 

concentrations of heavier hydrocarbons are found, with l i t t l e  o r  no 

evidence of hydrogen s u l f i d e  (H2S) o r  o ther  contaminants.1° 

dissolved gases flow from areas of g rea t e r  concentration 

t o  areas of least concentration i n  t h e  sands. Water freshening w i t  

both t h e  sands and sha les  a ids  t h i s  process by allowing g rea t e r  am0 

of na tu ra l  gas t o  be dissolved i n  the  less s a l i n e  water.13 

The 

e sha les  . .  
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Many of the sand lenses within the Ter i t ia ry  sequence are completely 

isolated.  Accord t o  Bebout, the Frio,  Vicksburg, and Wilcox forma- 

t ions  conta in ' the  more exte  sand bodies within o r  beneath the geo- 

pressured shales  .6 The sha l y  impermeable and envelop 

the  porous sandstones by (1) "pinching out" of the sand lenses,  o r  by 

(2) f au l t i ng  of t h  
. -  3 

Large volumes within the  ed and moderately 

consolidated r o  

meabi l i t ies  md.9 Unlike geopressured shales ,  

these sand beds are not  undercompacted t o  any major extent  and, there- 

dopulas e t  al. 

Under these condit 

slowly outward pas t  

gas follows a the  shale  marg 

similar flow path 

methane and low l n ~  sa generally less than 

20,000 ppm and-often less than 5,000 ppm i n  many geopressured reservoirs  

of coas ta l  regions i n  South Texas,  ressures and temperatures within 

unding geopressured area. 
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L-NORMAL PRESSURE ' LHIGH PRESSURE 
RESERVOIR RESERVOIR 

(B) LARGE RESERVOIR SEALED UPDIP BY FAULTING 
DOWN AGAINST THICK SHALE SERIES, SEALED DOWN- 
DIP BY REGIONAL FACIES CHANGE 

. 

i -  

Li 
i 

J I 

(C) RELATIVE POSITION OF FAULT SEALS IN 
UPTHROWN 'AND DOWNTHROWN BLOCKS 

Fig. 2.4. *pes of reservoir seals necessary to preserve abnormal 
pressure. Source: P. A. Dickey, C. R. Shiram, and W. R. Paine, "Abnormal 
Pressures in Deep Wells in Southwestern Louisiana, Science, vol. 160, 
1968. 
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S a l i n i t i e s  i n  south-Louisiana and coas t a l  regions of east Texas  are more (lied 
uncertain. Whereas few sa l t  domes have intruded i n t o  the geopressured 

shales  160 km (100 miles), t o  e i t h e r  s ide  *of Corpus Chr is t i ,  .Texas, they 

are f a r  more-numerous e a s t ' o f  Houston.147 I f  a salt  dome is nearby, for- 

mation waters a r e - l i k e l y  t o , b e  more s a l i n e . '  

S a l t  d iapirs , -of ten termed salt domes; are common features  of the Gulf 

of Mexico basin. 

formation, ,a 5000-ft-thick evaporite formation of the  Triassic-Jurassic 

ey are believed t o  o r i g i n a t e  i n - t h e  Louanncsalt 

Though such s t ruc tu res  ,are not  essential t o  the development of 

geopressured" zones, t h e i  

high-pressured s t r a t a - a n d  i n t e r s t i t i a l  f l u ids ,  

resence d i r ec t ly  a f f e c t s  the  nature of the 

'li, + .  

br As a result of dens i ty-d i f fe ren t ia l s ,  salt domes frequently exhib i t  

d i a p i r i c  movement 

According t o  Bi l l ings,  average sediment dens i t ies  range from 1.9 t o  2.2 

g/cm3 and t o  a depth of 600 m (2,000 f t )  .15 Beyond t h i s  point ,  density 

the- in t rus ion  of a p l a s t i c  so l id  i n t o  another so l id .  

increases s teadi ly  t o  2.46 g/cm3 at  a depth of 6,000 m (20,000 ft). 

However, the  density of sa l t  remains r e l a t ive ly  constant a t  2.2 g/cm3 
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S a l t  in t rusions d i r ec t ly  a f f e c t  surrounding s t ruc ture ,  temperature, and 

f l u i d  composition. An intruding salt dome w i l l  of ten induce rad ia t ing  

or  normal fau l t ing  i n  the  overlying beds thus creat ing t raps  within 

reservoir  rock. The sealed-off beds of ten contain l a rge  amounts of  - 

hydrocarbons and are. the object  of extensive petroleumeexploration. 

In  addition, sa l t  within the diapirs,may contaminate+the otherwise 

freshened geopressured waters Lowest s a l i n i t i e s  might be I expected i n  

areas such 'as  the San Marcos Arch near Corpus C h r i s t i ,  Texas ,  where no 

salt  s t ruc tures  are apparent. 

S a l t  has a high thermal conductivity (17 x 10'3 * cgs) compared with t h a t  

of surrounding sediments (from 1 t o  8 x loo3 cgs). 

heating rods, the d iap i rs  range from 3 t o  8 km i n  diameter and extend t o  

depths of 15 km o r  more. 

rapidly through the salt domes and i n t o  the surrounding geopressured 

shale. 

Temperatures may a l so  be influenced. 

Acting as la rge  

Therefore, heat can *be conducted upward 

2.2 CLIMATOLOGY AND AIR QUALITY 

The Texas-Louisiana Gulf Coast l ies within a warm-temperature, sub- 

t rop ica l  zone. 

the warm, moist air masses originat ing over the Gulf of Mexico, the 

Carribean Sea, and the southern North Atlant ic  Ocean. However, t h i  

mild condition per iodical ly  changes because of d r i e r ,  cont inental  

from the north and w e s t  which brings both colder winter temperatures 

The mild climate of t h i s  area is  predominantly due t o  

and ho t t e r  temperatures during summer. 
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Average annuatztempeyatures are moderate <and+4ecreage s t e a d i l y  northward 

from 23.8OC (75'F) a t  the mouth of the Rio Grand-e River to, 20.0-2O.6*Cs2 

(68-69OF) along southern Louisiana. l6 

13.9"C _(57'F) $n <Lovisiana to  16.3OC (61 

Generally .confined +o ral h o p s  preceding ,su3lri subfreezing * ,  '- 

temperatures- ,are*,?ela t 

January temperatures average from 

. i n  Brownsville , -I a Texas l7 1 .  9.18 

age cof ten <, . ,day 

-@ August. .- 

The ;coastal  margins 5xperience moderate,to high 

Monthly relative means generally exceed 60% and 9 7  

during the  wetter summer months. 

increases -s teadi ly  -northward 

t o  147.3 pn;(58 in.) ,on the Texas-Loqisizpa horde 

in .  ) lalong :-parts ;of southe 

Annual prec ip i ta t ion  is  high and 

The dries! se 

during athe I fa l l  -months while n t i a l  ra ins  Q 

lopiin ,Late spr;?rllg gue to ,squall- 

f a l l s  of 25.4 cm (10 in.)  within a 24-hr period are nottunco?mon.l8 

Summer ra ins  frequent the northern coastal margins almost da i ly  and 

winter and ear ly  spring f a i r  conditions dominate the area. The growing 
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. t . '  

edson '2s geri l y  long w€th a'mean annual sunshine ranging from 

2 ,'-?OO=i;900 hf- ber year .'16 

I. 

- - _  
d thF&klers~ormk frequent the Gulf - toast  along its western and 

northe Occurrences of :turbulent weather range -from 70-80 

aysfyear ' in  southekn .Zobisida18 - t o  60 days/year i n  Texas. *Tropical 

c&only reach -&e -coastal  areas during a season , t h a t  extends 

ach t h e i r  peak dur g August September. 

Th& 

Ocean and average one t rop ica l  cyclone per year along-theATexas Coast. 

Those cyclones whose winds exceed 64 knots (74 mph) are known spec i f i ca l ly  

k g i n a t e  -& the  Gulf, Carribean, or southern ,North At l an t i c  

7 

as hurricanes'and'average 40 storms/100 years o r  40% of  a l l  t rop ica l  

o develop& t h i s ' a r e a  and may occur during a l l  times of 

year. However, they -are most frequent i n  a season ranging from 

ough May in Louisiana and Apri l  through June i n  Texas.17*18 

Mahy -of ' these tornadoes r e s u l t  from major t rop ica l  cyclones of f  t he  Gulf 

In 1967, Hurricane Beulah was the cause of 115 tornadoes i n  the  

surrounding area. 17 

The air  qua l i ty  of coastdl  Louisiana and Texas is generally good because 

of t he  states' proximity t o  the  Gulf. New Orleahs, Baton Rouge 

Houston are those populated areas where pa r t i cu la t e  and chemical concen- 

se -the grea tes t  'problems. ' Tables 2.1 and 2.2 list -pa r t i cu la t e  

- L. 

L i V  



Table 2.1. Estimated annual concent 
-suspended particulates (1961 

Total , Organic 
articulate i Pirticulate 

- >  

City 

The National Atlas, Washington, D.C., 1970, p. 115. 
- .  

ource:’ Departmen 

Source: Department of t 
Washington, D.C., 1970, p. 115. 
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and su l fur  dioxide concentrations fo r  major cities from New Orleans t o  

Harlingen, Texas.  

Because the Gulf of Mexico is a warm body of water, it contributes t o  

the a i r  turbulence o ates a horizontal  diurnal  

wind pa t te rn  during. the f a l l  and winter months characterized by daytime 

zes. In contrast ,  vertic 1 pat terns  sea breezes and n i  

of air movement develop dur%g late spring and summer 

a id  i n  the m i  f air and therefo 

to 

- _  ~- - 

fl 

air-pollution pot&& (Fig. 2.5,  Table 2.3). However, . t he  frequent 
I I. . -: 

occurrence of lq;tht, winds (7 mph o r  l e s s )  and periodic temperature in- 

versions may contribute t o  some pollut ion problems, pa r t i cu la r ly  a t  

night.  l7 

2.3 HYDROLOGY 

Surface and groundwater flow 

are generally toward th  Mexico. Major surface channels include 

terns  along the Texas-Louisiana coast  

i s s i p p i '  and Calcasieu rivers in Louisiana and the Rio Grande, 

Nueces, San Antonio, Guadalupe, Colorado, Brazos, Tr in i ty ,  and Sabine 
. s .  

s. Along many of these rivers, discharge is controlled by 

lists the major reservoirs  within the  Texas  coas ta l  

margin and t h e i r  s torage capaci t ies .  Surface flows peak during January 

i n  Louisiana, during March along the northern Texas coast ,  and during 

May in southern Texas. 

Surface temperatures are grea tes t  during Ju ly  and August and generally 

Lowest flaws occur during late summer and f a l l .  
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Table 2.3. Air dispersion characteristics for geopressure region 

Annual mean afternoon mixing height 
Minimum seasonal mixing height - morning, winter 
Annual mean afternoon wind speed 
Minimum seasonal mean wind speed - autumn; morning 
Direction of dominant air flow (from source) 

1200-1 600 ft 
400-500 ft 

1 7-8 mhec 
' 5-6 mhec 
NNW (onshore) 

Sources: G. C. Hoizworth, Mixing Heights, Windspeeds, and Potential for Urban Air 
Pollution Throughout the Contiguous United States, Environmental Protection Agency, 
U.S. Government Printing Offi-ce, Washington; D.C., 1972; National Oceanic and 

Information Center, Inc., Port Washington, N.Y., 1974. 

. ,. .. . . 
,.. . 

I .  

Table 2.4. Conservation storage data for selected reservoirs of the Texas coastal margin 

Consirvation storage Storage as percent of 
capacity storage capacity 

(lo3 m3) (acre-feet) 5/76 1/76 5/76 1/75 

Name of lake 
or reservoir River basin 

Neches River B. A. Steinhagen Lake 11,615 94,200 77 63 91 84 
Nueces River Lake Corpus Christi 33,279 269,900 100 94 100 99 

San Jacinto River Lake Conroe 53,007 429,900 100 100 100 99 
Sabine River Toledo Bend Reservoir 5,515,086 4,472,900 100 90 100 97 

Lake Houston 17,324 140.600 100 io0 100 io0 

Trinity River Lake Livingston 215,775 1,750,000 100 100 -100 * 100 

Source: Staff, "Texas Water Conditions," Water for Texas, February and June 1976. 
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bi 

b, 

f a l l  between 26.7 and 29.4'C (80' and 85'F). Annual water evaporation 

from streams, reservoirs ,  and lakes range from 168 c m  (66 in.) i n  

southern Texas  t o  122 c m  (48 in.) i n  Louisiana. Inland surface w a t e r  

salinities vary according t o  locat ion and exceed 350 ppm-near the  Texas  

coast .  Concentrations are generally less i n  Louisiana (120-350 ppm) and 

may f a l l  below 120 ppm i n  some areas.19 Available water qua l i ty  data  

fo r  selected surface waters are summarized i n  Table 2.5. 

Along much of the coast l ine,  es tuar ies  occur where f resh  inland waters 

mix with the  waters of the Gulf of Mexico. Estuarine waters are brackish 

and generally display s a l i n i t i e s  near 12,000 or 15,000 ppm. 

salinities are seasonal and may vary grea t ly  because of seasonal changes 

i n  t i des ,  r a i n f a l l ,  river discharge, and evaporation rates. 

t ions  may f luc tua te  from 100 ppm (freshwater) t o  33,000 o r  35,O 

However, 

Conc 

re generally h i  est i n  the f a l l  

river discharges. Water temperatures are a l s o  seasonal and generally 

follow air temperatures. 

year and is highest during conditions of l o w  water temperature and 

Dissolved oxygen f luc tua tes  throughout the  

Turbidi t ies  may vary with iver discharge and wind speed.20 

a l l  groundwater sources of the  Texas-Louisiana coast 

unconsolidated or  semiconsolidated aquifers.  These water-bearing 

ions act as c r water transmission and as reservoirs  f o r  

shales  and/or sands and 

coas ta l  area and the 

Ogallala aquifer  along the  Brazos River basin.22 Further i l l u s t r a t i o n  u 



Table 2.5. Water quality data for selected urface-water systems of Cocnw Texas and Louisiana 

Average concentrations in mgfiiter, water year hptember 1967 to October 1968 Mean Mean Discharge .. 
I (water quality station) 

Brazor 208. 20-1786 7.8 
. (Richmond, Tex.) 

Calcarieu 5.4 0.1 
(Okrlin. La.) 
(Mean discharge: 

Kinder, La.) 

(Wharton. Tex.) 

(Victoria, Tex.) 

(Luling Ferry. La.) 
(Mean Discharge: 

Tarkt Ferry) 

(Ganado, Tax.) 

(Evadale, Tex.) 

(Mathis, Tex.) 

CRio Grmde City, Tex.) 
Wean discharge: 

Laredo, Tex.) 

W i n e  2326 8.3-501 6.7 75 12 26 0.5 8.2 18 0.1 14 6.9 
(Ruliff, Tex.) 

San Antonio I f f  11-399 8.2 619 19 272 9.8 109 123 87 105 
(Goliad. Tex.) 

San Jacinto (W) I 4a 6.8-275 7.6 166 18 96 0.6 5.2 47 24 36 
(Conroe, Tex.) 

Trinity 203. 44-1319 7.7 245 8.2 136 3.7 40 37 36 47 
(Romayor. Tex.) 

Colorado 81' . 18-1200.0 7.9 253 8.6 178 1 5 30 37. 24 50 

Guadalupa 4 6  27-560 7.9 300 11 222 2.9 30 39 . 28 63 

Mississippi 17.7006 4,726-21.848 7.3 227 4.5 113 2.2 51 25 0.3 21 36 

Navidad 14' 0.8-600 7.7 272 18 182 0.7 15 49 35 55 

Neches 171' 13475 6.9 103 8.9 36 0.5 15 26 0.2 m 10 

Nueces 2?b 2.6-300 7.5 232 13 .153 0.4 29 31 0.3 28 47 

Rio Grande 1236 7.9 152 180 113 96 78 

- 

'Geological 'survey Water-Supply Papers 2120,2122, and 2123, Surface Water Supply of the UnitedSfares, 7966- 7970, Part F vol. 2. and Part 8, vol. 1 and 2. U.S. Government 

bF. Van der Leeden, Water Rerources of fhe Wodd: MmtedStatistics, Water Information Center, Inc., Port Washington, N.Y., 1975. 
'Geological Survey Water-Supply Papers 2096 and 2097, Ouality of S u r k e  Wafers of the United Stares, 7 9 6 8 ,  Parts 7 and 8. U.S. Government Printing Office, Washington, D.C., 1973. 

Printing Office, Washington, D.C., 1975. 

c c 
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of coas ta l  groundwater sources is  given i n  Fig. 2.6. 

water use comprises 34% of the  state's t o t a l  water use, while i n  

I n  Texas, ground- 
W 

Louisiana it comprises only 17%. 

most of coas ta l  Texas and i n  pa r t s  of southern Louisiana. 

temperatures range from 2 1 . 1 O C  (70OF) t o  23.7OC (75'F) .19 

Saline aquifers  are apparent along 

Average water 

protection f o r  the sea grass beds (Thakssia) and salt marshes which 

occur behind them. 
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SHADED PATTERNS INDICATE AREAS UNDERLAIN BY ONE OR 
MORE AQUIFERS GENERALLY CAPABLE OF YIELDING TO A 
WELL AT LEAST 50 GALLONS PER MINUTE (3'hLlTERS PER 
SECOND) OF FRESH WATER (GENERALLY LESS THAN (000 PARTS 
PER MILLION OF DISSOLVED SOLIDS, BUT UP TO 2000 OR . 
MORE IN PARTS O f  THE WEST! 

UNCONSOLIDATED AQUIFERS 

WATERCOURSE: ALLUVlAL VALLEY TRAVERSED BY 
STREAM FROM WHICH RECHARGE CAN BE INDUCED 

ABANDONED OR BURIED ALLUVIAL VALLEYS; ALLUVIAL 
TERRACES; SAND DUNES; COASTAL PLAINS AND 
GREAT PLAINS; GLACIAL OUTWASH AND ICE-CONTACT 
DEPOSITS OF GLACIATED REGIONS 

a SAND AND GRAVEL: 1NTERMONTANE VALLEYS ; 

Fig. 2.6.' Productive aquifers of the Texas-Louisiana coastal 
regions. 
F. L. Troise, Water Atlas of the United States, Water Information Center, 
Inc., Port Washington, N.Y., 1973. 

Squrce: J. J. Geraghty, D. W. Miller, F. Van der Leeden, and 

tu 
I 
N 
P 
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of the.coast of Louisiana and Texas.  These 

marshes are dominated by sa l t - to le ran t  grasse rdgrass (SparCina 

aZtern<fZora and s. patens) an s). These highly pro- 

ductive marshes suppo a la rge  numbe gratory b i r d s  

I -  

p ly> la rge  amounts of de t  

j o r  energy source f o r  these grounds. I n  

southern Texas ,  high temperatures and esult i n  hyper- 

sal ine conditions which limit the extent  and 

Where f r e sh  water intrudes i n t o  marshes, rush salt  grass  

roduct ivi ty  of salt  marshes. 

rshes  , Distich 2;s) replace the cordgras A t  the  upper edge of sa 

freshwater marshes, hyp 

nland vegeta- 

t ion may be found. 

W 

s o i l  which has been ,a 
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Evergreen, hardwood,' and mixed upland fo res t s  are found inland of the Lf 
coas ta l  p r a i r i e  i n  Louisiana and eastern Texas and i n  a few areas extend 

down t o  the  coas ta l  marshes. The composition of these f o r e s t s  is qu i t e  

awe of the wide-range of climatic and geologic conditgons 

present. 

hickory (Carya). 

oak, hickory, and p i  

styr&fZua), southern magnolia (Magnotia) and many other  species occurs 

The dominant' genera' are-oaks (&uernzs) , pines ( ~ n u s )  , and 

A highly diverse  mixed mesophytic f o r e s t  which includes 

us beech (Fagus spp.) , sweet gum (Liqzddarnbm 

r upland areas. The extensive floodplains of the  

Mississippi,  Sabine, Neches and Tr in i ty  rivers are occupied by floodplain 

fores t .  

quency and duration of flooding. 

support nearly pure stands of bald Cyprus ( Z ' m d i m ) .  

The composition of t h i s  fo re s t  type depends la rge ly  on t h e  fre-  

Areas which are regular ly  flooded 

Commonly asso- 

c ia ted  trees are tupelo (Nyssa), red maple (Acer), red bay (Persea), 

and severa l  species of oak. 

(PopuZus) and w i l l o w  (SaZiz). 

region have been subjected t o  cu t t ing ,  and many are now intensively 

Less  swampy floodplains contain cottonwood 

Most of the  fo re s t s  remaining i n  t h i s  

managed. 

Birds are t h e  most conspicuous members of the  coas ta l  and riverine wet -  

land fauna. The b a r r i e r  i s lands  provide nest ing sites f o r  colonies of 

gu l l s ,  terns, skimmers, and brown pelicans.  Coastal and r ive r ine  marshes 

are inhabited by a wide var ie ty  of wading b i rds  including herons, egre ts ,  

rails, ib i se s ,  and spoonbill .  

many plovers, wading b i rds ,  and sea b i rds  winter i n  the bays and wetlands 

Most North American waterfowl as w e l l  as 

i 
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coast at  Aransas. B i  

which migrate across the Gulf of Mexico u t i l i z e  the coas ta l  region f 

r e s t ing  and feeding i n  both the spring and f a l l .  

mammalian species include muskrat, nu t r ia ,  o t t e r ,  oposs 

Major wetland 

, spotted p k ~ n k , ~  and rodents. 

g waterfowl feed i n  the  

Upland fo res t s  support white-tailed deer, squ i r r e l s ,  gray fox, rodents, 

re of species f r o  
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den fronted woodpecker Many species of animals which are common i n  cp 
Mexico are found i r r egu la r ly  o r  as small permanent populations i n  southern 

Texas 

f of Mexico is the  second mostproductive f i sh ing  ground i n  the  

world i n  terms of both value and weigh 

mercial organisms include menhaden, red'snapper,  black m d l e t ,  spotted 

r o d u ~ e d . ~ ~  The important com- 

sea t rou t ,  groupers, drums, croakers, pompano, and shrimp (Penaeus) . 
Nirr 

zone a t  some stage of i t s  l i f e  history.24 

n p e r c e n t  of the commercial catch is dependent on t h e  

The importance of t h e  coas t a l  

results from the input  of mineral nu t r i en t s  and d e t r i t u s  from t he  

r i v e r s  and coas ta l  marshes and the  high productivity of sea grasses. 

Sea grass  beds (!FhaZassia and Zostera) s t a b i l i z e  the  bottoms of shallow 

bays, provide s h e l t e r  f o r  l a r v a l  f i s h  and other  organisms, and provide 

food f o r  migratory waterfowl. 

Because of the  f l a t  topography of t h i s  region, saltwater and saltwater 

f i s h  extend inland i n  some places near ly  as far as the mapped geopressured 

resources. Large areas of freshwater hab i t a t  do occur i n  t h i s  area in- 

cluding ri,vers (e. g . , Mississippi,  Sabine, Atchafalaya, Brazos , Neches , 
and Colorado) , b us, marshes, i r r i g a t i o n  canals,  and streams. These 

support a diverse  warmwater f i s  

b 

including largemouth and spotted 

bass,  white bass,  black and white crappie,  carp, paddlef ish,  and 

A several species of sunfish,  carpsucker, buffalo,  gar,  ca t f i sh ,  and 

sucker. The smaller "forage" f i s h  are both numerous and highly diverse.  
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2.4.3 Endangered species 

Fourteen species of endangered a are d i n  the Gulf of 

Mexico geopressured region are l i s t e d  i n  Table 2.6. 

a l l i g a t o r  has been reduced t o  the  s 

The American 

f ened species i n  the 

following Louisiana parishes: Calcasieu. The 

U.S. Fish and Wildlif the same reduc- 

t i on  i n  s t a t u s  f o r  a1 t h e i r  range. The 

most recent l ist of endangered a 

goose (Anser aZbi 

white-fronted 

uck (Anus d iaz i )  

and a subspecies of grey wolf (Canis Z 
found i n  South. Texas.25 

iZis) which may be 

There is current ly  no nat ional  li 

A list of p lan ts  under consideration f o r  these designations has been 

published by the Departme 

endangered plants.  

This l ist  includes 95 

possible endangered sp species f o r  the  

State of Texas ,  as well.as cies and e ight  

possible threatened s p  

of these species w i l l  

individual geothermal 

2.5 WATER USE 

A strong gradient i n  water avai the geopressured 

region; there  is a i Valley and a 

l a rge  water de f i c i e  between water 
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Table 2.6, Threatened wildlife whore range b expected to extend 
within the Gulf of Mexico geopressured region 

Rare and endangered species - species M d e d  as threatened with extinc 

woodpecker (Dendmopos borealis) 

arbler ( Vermivwa bachmanii) 

Status peripheral - &cIes'at h e  edge of their natural range and 
threatened with extinction within the United States. 

Chihuahua shiner (Nonopis dr;chuahual 
Rio Grande darter (Etheosfoma grahmi) 
Jaguar (Felis onca veraec~cisl 

Ocelot (Felis pardalis albescensl 
Margay (Felis wiedii mperil 
Northeastern least grebe (Podinps dominicus brachypterus) 
Sennett's white-tailed hawk (Buteo dbicaudatus hypaplodiusl 
Northern gray hawk (Buteo nitidus maximus) 
Northern black hawk (Buteogallus a. an~racinusl 
Northern chachalaca (Ortalis wtula mccalli) 
Northern jacana Uxana s. rpinacal 
Reddish egret (Dichmmanassa r. rufescens) 
Roseate spoonbill (aiaia aja) 
Northern blackbellied tme duck (Dsndrocygna autumnalis fulpns) 
Masked duck (Oxyura dominica) 
Northern red-billed pigeon (Coluyb.4 f. flaviramic) 
Northern white-fronted dove (Lepmtila verreauxi angelica) 
Northern groove-billed mi (Crotophaga c wlcirosfris) 

Northern buff-bellied hummingbird Mmazilia yucatanensk chdconota) 
Northeastern elegant trogon (Trogan elegans ambiguusl 
Northeastern green kngfihes (Chloroceryle merkana rextentrionalisl 
Northeastern rosa-throated becard (Plawpsaris @aide pravisl 
Northern beardless flycatcher (Campmsfoma i. imberbe) 
Northern green jay (Qmmmmx yncas luxuousl 
Northern olive-backed warbler (Paula piriayumi ni&riloraI 
A k a  Mira &$htenstein's oriole (Icterus #U/ariS tSmaU//@nSiS) 
Audubon't Mackhaded oriole (Ictenrsgraduacauda auduboniil 
Northern whitecollared seedeater (Spomphila mrqueola sharpeii) 
Northern olive sparrow (Arnmanops r. rufivi~atal 
Northeastern Botteri's sparrow Mimophila bomrii rexana) 

' 
' -Jaguarundi (felis yagouamndi cacomitlil 

, F$nuginws gwl [Glaucidium brssilianum) 

Status undetermined - species suggested as possibly threatened with 
extinction within the United States. 

Guadalupe bars 
Louisiana vole (Microtus ludovkianus) 
Wood ibis (Mycteria amaricana) 
Osprey (Pandion haliaetus carolinensis) 
Mountain plover (€upode montana) 
Northern long-billed curlew (Numenius americanus paws) 
Eastern pigeon hawk (Falcoc. columbarius) 

- ,  

Washington, D.C., 1973. 

r .  , .. . 
. I .  
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Burplus and ,deficit occurs at approximately, the center of the Gulf Coast 

of Texas near Matagorda‘ Bay,A79 

9 

Water rights in Louisiana are:primarily*associated with Land ownership 

(riparian rights), Because of the abundance of water across the state, 

most water projects have been concerngd with-drsinage or flood control. 

rather than increasing the supply. 

few legal conflicts over water supply and little need fo 

rights (rights ’from .use) withdrawals 

were from groundwater .! 

Thus, there have been relatively 

The aridity of ;mucb:.of.,Texas has :led to.- the extensive gegulatioa of 

water resources by the-construction of:dams .andrcanals,. while Texas has 

traditionally recognized both riparian and appropriative rights, increased 

water regulation and distribution has led to increasing predominance of 

u 
appropriative .rights.l% Host sf the.reservoirs -are,-bland.of thejgeo- 

pressured-zone.. While they.have decreased che,totaPwater. flow through 

the. mas tal- region,, the .reservoirs have made the coastal flow more 

Surface watersse lis becoming more:importqt relative to 

groundwater use in coastal Texas as it-has i n  tpe’rest -of the state 

(groundwater pumpage expressed as a percentage of total water use de- 

clined ,from 58 -to ,34% between 1960 and 1970) ,I9’ Because groundwater, 

pumpage has resulted;* land surface subsidence’,and saline water intru- 

sion, the Texas-WateriPevelopment Board has recently,xeduced.their 

sstimate’of water avlailabilitysin the:Gulf Coast aquifer from 2,361,000 

to, 1,143,400 @cre-ft/year. Although ‘water is subject + to heavy 
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municipal and indus t r i a l  use, . the grea tes t  use has been f o r  ag r i cu l tu ra l  

i r r i ga t ion .  The shortage of low-salinity water i n  t h i s  region has 

already led  t o  the  construction of desal inizat ion p lan ts  of over 1,000 

galfday capacity at' Texas City and Freeport, Texas . " I  

2.6 I LAND USE AND REGIO&YL DEMOGRAPHY 

Pr inc ipa l  land uses -in the  Texas-Louisiana geopressured region are 

agr icu l ture ,  petroleum and na tura l  gas production, and, i n  coas t a l  areas, 

r e l a t i v e l y  unused marshland. Primary ag r i cu l tu ra l  uses are rice and 

t ruck farming. 'Cotton is the  major crop i n  the  southern Texas area. 

Pasture, range, and' hay f i e l d s  are important f o r  beef production i n  " 

many counties. 1 ~ 

Much of the  geopressured region has 8een large-scale petroleum and 

na tura l  gas f i e l d  develbpment. Dr i l l i ng  r i g s  have been a common p a r t  

of the  landscape i n  many areas f o r  the  last 70 years. Abandoned f i e l d s  

with derr icks  and pumps.stil1 present are not uncommon. 

production is st i l l  going on and w i l l  continue for sometime. 

A g rea t  dea l  of 

Table 2.7 shows l a n d  use acreages by pr inc ipa l  land use categories  f o r  

representat ive counties (parishes) i n  the geopressure regions of 

Louisiana and Texas. 

counties is federa l ly  owned. 

Only a small percentage o f ' t h e  land i n  these 

The only la rge  Federally owned parce ls  are 

na t iona l  w i ld l i f e ' r e fuges  along the  coast  (Aransas, Sabine, Lacassine,' 
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Table 2.7. Land use summary for representative counties 

Conservation needs inventory based on 1967 data - acreage per county 

rWomputer printout). 

County Federal federal 'Ow I Other Orchard Pasture Range Forest Other 1 Total 
Percent ZlrbaQ crop cropland 

W 

Ascension 
Cameron 
Iberia ' 

Iberville 
Lafourche 
St. Charles 
St. James 
St. Martin 
Terrebonne 
Vermilion 

395 0 8,575 
0 0 10,568 
0 0 7m 
0 0 3,803 
0 0 4,827 

17 0 12,717 
ioA . ?  0 18.236 

- I  

I - 1  

32,015 
3,390 

~ 61,089 
32,948 
68,223 
12,480 
69,194 
53,420 
43,869 
18,599 

0 277.973 5,104 401,920 

0 81.714 78.742 193.302 
967 0 4.297 0 8 5 . W  4.739 159,360 

30,228 200 26,059 0 348.153 12.680 483.304 
4,539 0 15,010 26,227 122,300 605,265 890,240 

I 277,981 30,051 298,007 783,360 

Aransas 
Bee 
Brazoria 
Calhoun 
Duval 
Gollad 
Hardin 
Hidalgo 
Kcnedy 
Kleberg 
Matagorda 
Nueces, , 

Zapata 

Texas 

46,942 2? '5,503 
1,809 0 22,207 104,785 9,740 

0 0 81,000 39.000 228,003 8 

0 0 8,865 69,356 0 0 25,130 1,047,796 0 9,192 1,160,414 
0 0 4,809 41,258 23.742 0 13,282 264,985 195,083 13,281 557.440 
0 0 30,669 0 

0 0 ' 9.517 737.318 

IS,SZS 5 9,066 50,819 43.748 

1,984 63,?M-. -34.674 , a  345,560 

4,161 1 9,048 48,139 2,788 0 15,532 430,582 0 34,251 544.576 
140,355 187,278 1 14.079 740.736 

0 '41.478 540,992 
0 2,158 655,872 
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and Delta) and na t iona l  f o r e s t s  inland (Sam Houston, Davy Crockett, 

Angelina, Sabine, and Fort  Polk). 

2.6.2 Demography 

Population d i s t r ibu t ion  throughout t he  geopressure region ranges from 

very sparse  t o  dense. 

t r i bu t ion  i n  Louisiana and Texas. 

apparent. 

i n  the  United S ta tes ,  whereas' t he  c i t y  of New Orleans declined in popu- 

l a t i o n  between the  1960 and 1970 censuses. ' 

Figure 2.7 shows urban and r u r a l  population dis-  

Several l a rge  urban areas are 

The Houston area is one of the  f a s t e s t  growing urban areas 

Table 2.8 gives population dens i t i e s  f o r  representative counties 

(parishes) within the  geopressure region and lists a l l  cities with popu- 

l a t i o n  grea te r  than 20,000. 

I 

2.7 REGIONAL HISTORIC, SCENIC, CULTURAL AND NATUR& FEATURES 

The NationaZ A t Z a ~ 3 ~ ~ .  provides h i s t o r i c a l  and c u l t u r a l  information about 

t he  United States .  

described. 

Places are given i n  the  FederaZ R e ~ s t e r . 3 0  His tor ic  sites are of pa r t i -  

Preh is tor ic  sites and c u l t u r a l  complexes are a l so  

Cumulative revis ions of t he  National Register of His tor ic  

cular significance t o  t h i s  assessment because of the  co lo r fu l  pas t  of 

Louisiana and Texas .  

na tura l  landmarks i n  the  geopressure region of Texas and Louisiana. 

Scenic and na tura l  fea tures  are given i n  the  National Registry of 

Natural Landmarks, which appears i n  the  Federa2 Register. 31 

Figure 2.8 shows h i s t o r i c a l  and cultural sites and 

L 

L J  



Lr 

-2-35 

ES-2983 

PORT ARTHU 

0 

Fig. 2.7. Population distribution in Louisianaland Texas, Source: 
U.S. Department of the Interior, GeolQgical Survey, The National A X  
of the United S ta tes ,  Washington, D.C., 1970. 
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Table 2.8. Population densities for representative counties (parishes) 
within the geopressure zone 

Places of 20,000 or more 
in geopressure region 

Representative Population density 
counties (peoplehq mile) 
(parishes) of county (parish) 

.. - ,- 
Ascension 
Cameron 
Iberia 
lberville 
Lafourche 
St. Charles 
St. James 
St. Martin 
Terrebonne 
Vermilion 

Louisiana ’ 

123 Lake Charles 78,000 ‘ 

6 La fa yette 69,000 
97 New Iberia 30,000 
49 Baton Rouge 166,000 
60 New Orleans 593,000 

100 
77 
44 
56 
36 

Texas 

Aransas 32 Brownsville 53,000 
Bee 27 Corpus Christi 205,000 
Brazoria 76 Kingsville 29,000 
Calhoun 34 Victoria 41,000 
Duval 6 Houston 1,232,000 
Goliad 6 Galveston 62,000 
Hardin 33 Pasadena ’ 89,000 
Hidalgo 118 Beaumont 11 8,000 
Kenedy 0.5 Port Arthur 57,000 
Kleberg 39 
Matagorda 24 
Nueces 282 
Zapata , 5 

Source: Department of the Interior, Geological Survey, The National Arias 
of the UniredSrares, Washington, D.C., 1970. 

. %  
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ES-2985 

W -FORT ST. PHILIP 

FORT JACKSON 

T DE LA BOULAYE 

FORT BROWN 

Fig.  2.8. Historic sites and landmarks and natural landmarks. 
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'4d 3. DESCRIPTION OF GEOPRESSURE RESOURCE DEVELOPMENT AND UTILIZATION 

Although abnormally pressured f lu ids  are present i n  severa l  p a r t s  of the  

United S ta t e s ,  -ERDA has chosen t h e  Louisiana and Texas coas ta l  areas t o  

prove the  technology--far t h e  development of t h e  geopressured resource. 

The emphasis of ERDA-supported .programs w i l l  be directed t o  ,onshore geo- 

pressure aquifers ,  but t he  technology developed can be used by t h e  

geopressured industry f o r  offshore as w e l l  as onshore appl icat ions.  

Deriving energy from geopressured resources involves resouce development 

and resource w t i l i z a t i o n ,  ,Resource development includes a l l<act ivi t ies  

associated w i t h  t h e  loca t ion  and character izat ion of thea geopressured 

ki 

resource. 

systems designed t o  convert geothermal energy t o  a s u i t a b l e  form and t o  

d i s t r i b u t e  the  energy t o  end users.  

ing sections'  bre generally appl icable  t o  test - f a c i l i t i e s ,  p i l o t  plants ,  

Resource u t i l i z a t i o n  involves construction and operation of 

c t i v i t i e s  discussed i n  t h e  follow- 

demonstration p lan ts ,  and commercial plants .  

3.1 RESOURCE DEVELOPMENT 

3-1 
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3.1.1 Exploration . 

The Texas and Louisiana c o a t  has been extensively d r i l l e d  f o r  o i l  and 

gas which has provided much de ta i led  information on the geological and 

geophysical charac te r i s t ics  of the  area. 

data w i l l  indicate  the  nature and d is t r ibu t ion  of the  Gulf coast onshore 

geopressured aquifers  'and w i l l  reduce the  need f o r  exploration activi- 

ties involving geochemical and geophysical techniques. 

Detailed analysis  of ex is t ing  

I n  a geopressured aquifer  the subsurface  fluid pressure s ign i f i can t ly  

exceeds t h a t  of normal hydrostatic pressure. Regional s tud ies ,  w e l l -  

log data, correlat ion of well logs, and determination of fairways are 

s teps  involved i n  assessing the  resource. 

areas where geopressured zones may e x i s t  by t h e  analysis of  electric 

logs and geologic cross sect ions from the  deepest w e l l s  d r i l l e d  i n  the  

Regional s tud ies  loca te  broad 

region. 

apar t  provides a bas is  f o r  the correlat ion of formation cross sect ions 

Acquisition of w e l l  logs  from w e l l s  spaced f i v e  t o  ten  miles 

and f o r  t he  construction of geological and isothermal maps. E lec t r i c  

logs from closely spaced w e l l s  coupled with micropaleontological s tud ies  

provide the  bas ic  correlat ion gr id  necessary f o r  locat ing geopressured 

reservoirs.  I n  addition, w e l l  logs providing d e t a i l s  on the  d r i l l i n g  

mud weight, t he  locat ion of the  intermediate casing point,  

and r e s i s t i v i t y  of shale,  and bottom-hole temperatures are 

cate geopressured zones. The top of the geopressured zone 

culated from well-log data;and geothermal fairways can be 

t h e  density 

used t o  indi- 

can be cal- 

ident i f ied .  

L,! 
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sd 

w 

The above activities are not ons i te  activities when ex is t ing  w e l l  logs 

are used. 

3.1.2 T e s t  d r i l l i n g  and production tes t i n q  
~- 

The completion,technology,for ,geopressured-wells has not been w e l l  

defined. Tbe:geopressured w e l l  m u s t  b ompleted t o  de l iver  the high- 

volume rates needed-for economic power plant  generation at  a veloci ty  

low enough t o  avoidtexcessive abrasive act ion of sand grains  i n  the  

production stream. I n  general, it has been assumed tha t  the d r i l l i n g  

requirements w i l l  be similar t o  those f o r  hydrothermal w e l l  d r i l l i n g .  3 

Dri l l ing  wel l s - tha t 'pene t ra te  .the geopressured zone is  more d i f f i c u l t  

t h a n * d r i l l l n g  w e l l s  t o  the same depth i n  normally-pressured formations. 

The placement of the  intermediate casing i s  critical, and high pressures 

and temperatures require ex t r a  care and expense i n  maintaining the  

d r i l l i n g  mud sys  t e m  . Completion equipment,, logging instrumentation, 

and other dawn-hole too ls  may require  spec ia l  a t t en t ion  due t o  increased 

temperatures and 'pressures. 

geotherml-*wells w i l l  provide' the experience necessary t o  determine 

optimal designs. T e s t  d r i l l i n g  includes site preparation, d r i l l i n g  

operatScce, well t es t ing ,  and w e l l  abandonment. 

e d r i l l i n g  and t e s t i n g  o'f geopressured 

. 
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3.1.2.1 S i t e  ' se lect ion and preparation 

I n  determining the  s p e c i f i c  site f o r  a geopressured geothermal w e l l ,  

a l l  ava i lab le  o f f s e t  w e l l s  are s tudied t o  determine t h e  geologic sec t ion  

t o  be d r i l l e d  and t h e  cha rac t e r i s t i c s  of t he  formations t o  b e  penetrated. 

I f  necessary, subsurface fea tures  can b e  fu r the r  i den t i f i ed  by seismic 

studies .  ' Other f ac to r s  t h a t  influence s i te  se lec t ion  include l ega l  

boundaries, t h e  po ten t i a l  f o r  environmental impacts, and access ib i l i t y ,  

t ha t  is, the  amount of road and site preparation required. 

Road construction, dril l-pad construction, reserve pond construction, 

and construction of a disposal  system f o r  l a rge  quan t i t i e s  of geothermal 

f l u i d  are t h e  major surface activities involved i n  d r i l l - s i t e  prepara- 

t ion.  

t o  withstand a constant t r a f f i c  burden, and t o  carry heavy d r i l l i n g  

equipment. New road cu ts  w i l l  be required where ex i s t ing  roads and 

trails  cannot be upgraded. I n  h i l l y  terrain, cut-and-fill construction 

may be required, which w i l l  r e s u l t  i n  changes i n  land fea tures  and 

extensive removal of vegetation. A means f o r  cont ro l l ing  erosion and 

s i l t a t i o n  due t o  surface runoff w i l l  be  provided. 

t a t i o n  on and adjacent t o  road cu ts  is unavoidable. 

with rock, gravel, volcanic cinders, o r  o ther  surface treatments w i l l  

maintain the  road i n  sa t i s f ac to ry  condition. 

of 3.2 km (two miles) of new o r  improved roads per w e l l  is  required and 

t h a t  roads w i l l  be 6.1 m (20 f t )  wide, about 2 ha (f ive acres) of land 

pe r  w e l l  w i l l  be disturbed by road construction. 

Roads wlll  be semipermanent and designed t o  function year-round, 

Disturbance of vege- 

Surfacing the  road 

Assuming t h a t  an average 
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Drill-pad construction requires t h a t  an area of about 0.4 t o  0 .8  h a  

(one to  two acres) b e  l eve l l ed  and cleared of vegetation. The pad area 

w i l l  provide space f o r , t h e  d r i l l i n g  r i g  and accessories, temporary s t ruc-  

tu res ,  parking,kand maneuvering room f o r  service and delivery vehicles. 

The pad may b e  surfaced with rock o r  gravel. . 

' A reserve pond of severa l  square meters t o  several hundred square meters 

(several hundred t o  several thousand square feet) i n  area and 1 t o  3 m 

(5  t o  10 f t )  deep, depending on t h e  depth of t h e  hole, w i l l  contain w a s t e  

f l u ids  and d r i l l  cut t ings.  The pond w i l l  b e  l i ned  with impervious 

and groundwater contamination. 

e 
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During the above, phases of s i te preparation, construction a c t i v i t y  w i l l  

alter the  topography over the  a f fec ted  area, increase  no l se  levels, 

reduce air  qua l i ty  as a result of fug i t ive ’dus t  and operation of 

gasoline-powered vehicles, and des troy vegetation r e su l t i ng  In Ancreased 

exposure of t he  s o i l  t o  wind and water. Portable san i t a ry  f a c i l i t i e s  

w i l l  be provided f o r  construction crews, and cons t r ix t ion  wastes w i l l  be 

disposed of a t  s u i t a b l e  s p o i l  sites. 
~ 

3.1.2.2 Dr i l l i ng  reauirements 

Dr i l l i ng  operations require d r i l l i n g  equipment, support f a c i l i t i e s ,  and 

manpower support. 

Dr i l l i ng  accessories include t h e  power supply, mud pumps, air  compressors, 

pipe rack, d r i l l  b i t s ,  mud p i t ,  and a cooling tower. 

tanks, water tanks, a reserve pond, and temporary s t ruc tu res  f o r  o f f i c e s ,  

locker rooms, and s torage areas are required at the  d r i l l  s i te.  The 

quantity of water required w i l l  depend on depth of t h e  w e l l  and s p e c i f i c  

site conditions. 

o r  delivered t o  t h e  s i te  and stored, depending upon its ava i l ab i l i t y .  

A l l  o ther  commodities w i l l  be delivered and s tored  ons i te .  

The l a r g e s t  piece of equipment is the  d r i l l i n g  r ig .  

I n  addi t ion,  f u e l  

Water may be obtained from a w e l l ,  from a l o c a l  stream, 

Approximately 6 t o  15 persons may be present on t h e  s i te  at  any particu- 

lar  time. 

personnel o r  in te rmi t ten t  personnel. 

d r i l l i n g  crews, logging geologists, d r i l l i n g  supervisors, and a r i g  

The required personnel can be categorized as continuing 

Continuing personnel include 

superintendent. This group usually operates t h e  d r i l l i n g  r i g  around 

the  clock, bu t  abbreviated schedules are sometimes observed t o  reduce 

L f ’ 



noise.  The in te rmi t ten t  personnel include truck dr ivers  del iver ing 

various supplies;  service personnel spec ia l iz ing  i n  such areas as 

cementing, down-hole surveys, o r  formation evaluation tests; and various 

inspectors.  The intermit tent  personnel are only required a t  c e r t a i n  

e d r i l l i n g  operation. Potable water and san i ta ry  f a c i l i t i e s  

d with d r i l l i n g  a c t i v i t i e s  w i l l  be provided. 

a w e l l  w i l l  depend on the  depth of the hole.  

ernial w e l l  generally ranges i n  depth from 1.5 t o  

4.6 km (5,000 t o  15,000 f t ) .  Time -requirements may increase because of 

delays caused by mechanical problems, inclement weather, supply short- 

ages, and reduced hours observed t o  cont ro l  environmental o r  s o c i e t a l  

Fig. 3.1. Rotary d r i  method, requires  a 

ing mud is  c i rcu la ted  
.i I 

down the  d r i l l  p ipe and up the  open area outs ide  t h e  p ipe  t o  cool and 

lub r i ca t e  the  b i t ,  remove cut t ings from t h e  hole,  and seal o f f  t he  

penetrated formations, The weight of t he  mud helps  keep formation 

pressures under control  and forms a w a l l  cake on t h e  in s ide  of the  hole  

which helps prevent sloughing of t he  hole  s ides .  The d r i l l i n g  mud 
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c 
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b, dens i t  red t h e  high press  associated with gea- 

pressured reservoi rs  may be up t o  2.2 t o  2.4 k g / l  (18 t o  20 lb /ga l ) ,  

which is much grea te r  than the mud density required f o r  d r i l l i n g  hydro- 

t h e  d r i l l  pipe is 

s provide infonna- 

e operation of 

t, dust from movement of 

leve l led  a f t e r  d r i l l i n g  and t e s t ing ,  and t h e  d r i l l  site-area w i l l  be 
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reseeded. 

the  well-site area. 

The e f f e c t s  of deep-well d r i l l i n g  are generally confined t o  

Environmental hazards during d r i l l i n g  include the  poss ib i l i t y  of geo- 

thermal f l u i d  movement in  t he  w e l l  bore within various zones o r  layers  

and the  poss ib i l i t y  of a blowout. 

casing w i l l  be cemented from t h e  earth's surface t o  the  production zone. 

Cemented casings pro tec t  freshwater zones, i s o l a t e  d i f f e ren t  production 

zones, keep the  hole from sloughing in ,  p ro tec t  the pipe from corrosive 

f lu ids ,  and ensure control  of w e l l  pressure. 

would consis t  of a conductor casing 15 t o  60 m (50 t o  200 ft) deep, 

surface casing set between 60 and 400 m (200 and 1,300 f t )  t o  anchor 

blowout equipment, an intermediate casing t o  pro tec t  i n t e r ly ing  zones and 

maintain zone separation, and a production casing.' 

mediate casings is critical i n  geopressured w e l l s  because of the mud 

weights required t o  control  the  formation. Normally-pressured formations 

may break down due t o  excessive mud pressures i f  intermediate casings are 

placed at  too shallow a depth. 

vary with depth of the  m11 and various formation zones. 

A l l  w e  

A t yp ica l  casing program 

The s e t t i n g  of inter- 

The number of casing s t r ings  re 

Each casing 

w i l l  be  cemented i n  place and w i l l  overlap 30 m (100 f t )  t o  ensure t h a t  

geothermal f lu ids  do not  leak from t h e  producing zone t o  overlying 

aquifers .  

the pipe and formation with cement up to  t h e  ea r th ' s  surface.  The 

of material used i n  cementing depends on temperature, pressure,  an 

Cementing is accomplished by f i l l i n g  the  annular area between 

mation conditions 



,3-11 

A blowoutxan occur i f  the pressure of the penetrated formation exceeds 

the pressure exerted by the column of f l u i d  i n  the hole o r  i f  improper 

casing sea l ing  o r  overlap is provided. Steam, hot water, methane, and 

f l u i d  contaminants-(C02, NH3, possibly H2S) may be vented t o  the surface 

.as a result of a blowout. F i r e  is a l s o  a pofent ia lhazard  associated 

-.with blowoirts from.geopressured w e l l s  due t o  the 'presence of methane gas. 

Eff luents  from ;B blowout include increased noise levels, gaseous emissions, 

and geothermal f lu ids ,  

Sect. 3.2.1.3. Blowout preventers and re la ted  control  equipment are in- 

s t a l l e d ,  t es ted ,  and maintained t o  prevent such occurrences. Equipment 

These.effluents w i l l  be discussed in d e t a i l  i n  

w i l l  be ra ted  a t  the,maximum pressures expected from the reservoir.  -The 

probabi l i ty+of  blowout occurrence can be reduced as a result of techno- 

. l o g i c a l .  refinements * $ ,  

3.1.2J 8 Well testing ? 

designed t o  provid 
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and cementing operations and by stimulating the  in s i t u  producing capac- 

i t y  of the  reservoir .  In  the  hydraulic f rac tur ing  technique, t h e  reser- 

vo i r  rock Ss subjected t o  a force capable of producing deep, highly 

conductive f rac tures  within the reservoir .  The f rac tures  reduce the  

dis tance t h a t  reservoi r  f l u i d s  m u s t  travel t o  reach the  low-pressure con- 

d i t i o n  found a t  the  w e l l  bore. Propping agents deposited during fractur- 

ing operations hold open the  f r ac tu re  t h a t  the  ea r th ' s  forces  tend t o  . 

close.  Propping agents su i t ab le  f o r  use i n  geopressured aquifeks are 

-yet  t o  be developed. 

During w e l l  t e s t ing  the  w e l l ~ i s  vented t o  the  surface,  causing noise  and 

the  release of geothermal e f f luents .  Noise may be abated by venting 

through a muffler system. The geothermal flow t o  the  surface from a geo- 

pressured system w i l l  be a mixture of steam, noncondensable gases (mostly 

methane), and l iqu id .  During flow tes t ing ,  the  geothermal f l u i d  w i l l  pass 

through a three-phase separator  t h a t  w i l l  separate  the  f l u i d  i n t o  non- 

condensable gas and methane; l iqu id ;  and condensate. Each e f f luen t  may 

then be disposed of i n  an appropriate manner. The gas phase may be 

burned and released t o  the  atmosphere. 

be re in jec ted ,  s tored  i n  evaporation ponds, o r  released t o  the  ocean o r  

other  surface waters. 

var ies  from reservoi r  t o  reservoir .  Chemical compositions of f l u i d s  from 

Flow of f l u i d  t o  the surface w i l l  

The chemical composition of geothermal f l u i d  

various geothermal systems are discussed i n  Sect. 3.2.1.3. During pro- 

duction tes t ing ,  extensive monitoring and ana ly t i ca l  work w i l l  be done 

t o  determine the  quantity of a l l  po ten t i a l  tox ic  concentraticnf present 
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Id in geothermal f l u i d s , - t o  evaluate their ,possible threa t ,  and t o  determine 

what control  measures ate required t o  maintain environmental qual i ty .  

. .  .. i , -  ' . 
. <  1:. . - I .  

3.1.2.4 Well abandonment < i  

e of hole d r i l l e d ,  

plugged i n  an appropriate & m e r  according t o  S ta te ,  Federal, and l o c a l  

regulations.  I n  general, abandonment procedures are designed t o  prevent 

any f l u i d  movement within the w e l l  bore. A l l  s t ruc tures  w i l l  be removed 

W 

Field development i s . t h e " d r i l l i n g  of addi t ional  w e l l s  t o  develop a geo- 

thermal f i e l d  a f t e r  success'ftil 'production tes t ing .  This may continue 

er iod of seve Environniental d i s t u r b d c e s  w i l l  be sim- 

previously but b i l l  be 'cumulative as new w e l l s  

dd i t ive  nature of the e f f luents  and 

tr&gent controls  ' than those imposed during 

test d r i l l i n g .  Additional roads w i l l  be required, and a l l  accessrroads 

w i l l  be improved f o r  permanent service. Personnel requirements w i l l  

and additiona ervices* aIid f a c i l i t i e s  w i l l  be necessary. The 

extent of surface disturbance w i l l  increase s ign i f i can t ly  

consideration is  tha t  several  w e l l s  may be d r i l l e d  from one d r i l l  site 

One important 

using new d r i l l i n g  techniques. 
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Total  environmental e f f luen t s  w i l l  be  an accumulation of po l lu tan ts  from 

each w e l l  site and w i l l  depend on t h e  timing of f i e l d  development. 

Effects  and ef f luents  during d r i l l i n g  operations have been considered i n  

Sect., 3.1.2. 

connected t o  the geothermal system. 

As wells are completed, they are shut i n  u n t i l  they can be 

During the  shut  i n  period, the w e l l s  

ed t o  vent a s u f f i c i e n t  amo 

atmosphere t o  prevent plugging of t h e  , w e l l  

noncondensable gases, and water from ven t i  

wellhead. 

could be s igni f icant .  

I 
The cumulative e f f e c t  of many wells re 

Well spacing is an important consideration i n  f i e l d  development. 

spaced closely t o  the  power p lan t  and t o  each o ther  w i l l  result i n  mini- 

m a l  energy lo s s  i n  t r a n s i t  and minimal disturbance of t he  surface.  

with la rge  separations reduce interference and depletion e f f ec t s .  

are required t o  optimize w e l l  spacing and t o  prescr ibe a development 

Wells 

Wells 

Models 

program requiring a minimum of new w e l l s  during the  pro jec t  l i f e ,  while 

developing the  f i e l d  t o  the  f u l l e s t .  Depletion characteristics and 

desired plant  l i f e t ime  f o r  the  generating p lan t  w i l l  determine t h e  rate 

of production tha t  can be maintained from a given surface area of land. 

Conceptual designs of geopressured f i e l d s  use w e l l s  spaced 0 .8  km 

(0.5 mile) apart .  

As w e l l s  are completed and shut  i n ,  t he  surrounding area w i l l  be cleared 

of a l l  equipment and revegetated. 
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u 

3 2 ~ RESOURCE  UTILIZATION 

Resource u t i  

the use of the g geopressure subprogram 

w i l l  include t e s t ing  of components, subsystems, and processes i n  f i e l d  

g t o  and including 

test f a c i l i t i e s ;  t e s t ing  of integrated energy conversion o r  u t i l i z a t i o n  

and monitori 

t i a l  e f f ec t s  of 

3.2.1 E lec t r i ca l  product ion 

Ene re t as natura l  gas i n  solut ion,  

as thermal energy, and as hydraulic energy. The estimated heat  from 

resources recoverable with present o r  near-term tech- 

uads) f o r  electrical u t i l i z a t i o n  and * .  
no1 2.52 1019 

Temperatures of 
! 

t o  over 190OC (37 

S a l i n i t i e s  f o r  geopressured f lu ids  may vary from a few thousand pa r t s  

. Schmidt speculates t h a t  geopressured 

w 

m adjacent normally 

pressured zones. 

cause sca l ing  and corrosion problems i n  the  piping system and heat 

exchangers. 

ressured reservoirs  with high s a l i n i t i e s  w i l l  

Sa l in i ty  of t h e  geothermal f l u i d  w i l l  also be a f a c t o r  i n  

se lec t ing  the geothermal f l u i d  disposal method. 
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Without geopressure energy, a temperature of at  least 15OOC (302OF) is 

generally required t o  produce economical electric power from a binary 

system, and a temperature of at least 190°C (375OF) i s  necessary t 

ce economical electrical powe rom d i r ec t  flashing. 

Economic analyses ind ica te  tha t  e l e c t r i c i t y  generation using geopressured 

geothermal resources is economically and  energet ical ly  attractive i f  

f l u i d  temperatures approach 160°C (325OF) a t  t h e  wellhead, i f  production 

rates approach 6,360 m3/day (40,000 bbl/day) per  w e l l ,  and i f  t h e  methane 

a content approaches 7 m3/kl at  STP (40 f t3/bbl) .2  Power cycle select ion,  

plant  design, and disposal of geothermal f l u i d  a l so  play a r o l e  i n  the  

economics of electric power generation from geopressured resources. 

3.2.1.1 Power cycle descr ipt ion 

The net energy produced from a geopressured reservoir  includes energy 

derived from gas recovery, k ine t i c  energy, and thermal energy. 

pressured reservoirs are thought t o  b e  saturated with methane gas which 

would y i e ld  from 2.6 t o  7.9 m3 at  STP of methane per  k i l o l i t e r  of geo- 

thermal f l u i d  (15 t o  45 ft3/bb1),  depending on reservoir  temperature and 

Geo- 

I 

pressure. As wells are produced and pressures drop, some gas w i l l  be  

released from s ~ l u t i o n . ~  

gas separator. 

a hydraulic turbine.  

stages and m u s t  be  b u i l t  of corrosion-resistant material. 

The gas w i l l  be  recovered from t h e  water by a 

Kinetic energy w i l l  be  converted t o  electrical energy by 

The hydraulic turbine may require up t o  three  
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After gas separat ion and k i n e t i c  energy recovery, t h e  thermal energy w i l l  

be extracted from t h e -  f l u i d  as i n  hydrothermal systems. 

cycles are .being 

d i r ec t  f l a sh ,  binary, and t o t a l  flow. 

vapor f r a c t i o n  of tlie geothermal f l u i d  is s 

t ion.  A f t e r  p a r t i c u l a t e  ,removal, t h e  vapor panded through a low- 

Three power 

nsidered f o r  converting thermal energy t o  e l e c t r i c i t y :  
i 

I n  t h e  d i rec t - f las  

ted  from the  l i q u i d  frac- 

% -  

temperature turbine,  and e l e c t r i c i t y  is generated. The f lashing method 

is bes t  su i ted  t o  high-temperature and high-salinity res 

high vapor qual i ty .  

In t h e  binary cycle , . the geothermal f l u i d  i s  used t o  vaporize a secondary ~- 

working f lu id .  The ugh a , t u  

e l e c t r i c i t y  is gene 

low-temperature res not  be economical. 

r l y  useful  f o r  
.- 

In  t h e  total-flow cycl  

f l u i d  is used t o  dr ive  spec ia l ly  designed turbines  t o  generate e l e c t r i c i t y .  

The total-flow concept is appl icable  t o  any geothermal f lu id ,  bu t  i t  w i l l  

and vapor) geothermal 

i 

be pa r t i cu la r ly  s u i t a b l  d i r e c t  u t i l i z a t i o n  of high-sal ini ty  geo- 

Schematic representations 
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Fig. 3.2. Methods for recovery of energy from geopressured systems. 
Source: P. A. House, P. M. Johnson, and D. F. Towse, PotentiaZ Power 
Generation and Gas Production from Gulf Coast Geopressured Reservoir, 
UCRL-51813, Lawrence Livermore Laboratory, Calif., May 1975. 
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h, Direct f lash ing  \ 

To accomplish separa t ion  of t he  geothermd €l&d i n t o  a vapor phase and 

a l iqu id  phase; the  f l a sh  units are operated bt a pressure below the  

h i s  causes t h e  vapor t o  be s s u r e  itl the,  geothermal ' f luid 

he gedthermal f l u i d a  ' i n  q u a n t i t i e s  t ha t  are dependent on 

the  pressure -difference betwe 

ontent .of t6'e f h i d  

ki f lash  k n i t  and geothermal f lu id  and 

e c t  f lashing may involve single-stage 

Ir i -kul t  is tage flashing he l iqu id  f r ac t ion  .of I 

t he  geothemkl f l u i d  i s ' f e d  t o  f l a sh  uaits operating at succeedingly 

lower pressure 

at the point 

he steam h a s h e d  from each s tage  is fed t o  the  <turbine 

its pressure matches tha t  'of the  expanding steam froml- 

Multistage 'flashing increases the  amount of energy 
, 

d and reduces t h  w e l l  flow rate and xoolkng requirements. The u 
number of stages designed lin a plant depends 'on an e2conomic-analysis 

balancing of increased cap i t a l  costs  with reduced w e l l  and cooling costs.  

Parti-ctdates .and nbn ab le  gases w i l l  be 'removed from the  vapor 

i f i s  fed to  Par t i cu la t e s  are "removed with scrubbing 

Noncondensable 'gas be removed by a n - i n i t i a l  f l a s h  s tage 

i n e i o r  by e j ec t ion  ftom condensers a f t e r .  

b e i k  fed t o  the- turb  Energy losses  resu l t ing  from a n ' d n i t i a l  .:flash 

e &ses m u s t  'be balanced against fenergy \ 

losses  due t o  ine f f i c i en t  turbine operation resu l t ing- f rom*the  presence 

of noncondensable gases 
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Binary cycle 

I n  the  binary cycle,  t he  geothermal f l u i d  vaporizes t h e  working f l u i d  i n  

heat exchangers, and the  working f lu id -  is. expanded through turbines. 

The proper choice of a working f l u i d  is vital t o  the  design of an effi- 

c i en t  binary cycle. Generally.,-a supe rc r i t i ca l  Rankine cycle is pre- 

ferred,  'ahd, therefore,  t h e  cri t ical  temperatureaf  the  working f l u i d  

must .be less than the  temperature of t h e  geotherrqal . f lu id .  I n  addi t ion 

t o  cr i t ical  temperature, t h e  r e l a t i v e  s i z e  of t h e  turbine,  the operating 

pressure of the  cycle, and the  condensing temperature are important i n  

se lec t ion  of a working f lu id .  The secondary f l u i d  is usually organic. 

More heat  I s  extracted from the  geothermal f l u i d  by the  binary cycle  

using the proper working f l u i d  than by the  d i r e c t  f l a s h  cycle,  which 

loses  t h e  l a t e n t  heat of t h e  flashed steam. Resource u t i l i z a t i o n  e f f i -  

ciency is  grea te r  f o r  t h e  binary cycle than f o r  t h e  d i r e c t  f l a s h  cycle. 

Noncondensable gases do not present ser ious problems i n  a binary cycle 

arrangement. Hypersaline br ines  may cause s ign i f i can t  corrosion, ero- 

s ion,  and sca l ing  i n  heat exchangers. These problems may be solved by 

a hybrid cycle  i n  which d i r e c t  f lashing is used t o  provide steam f o r  

vaporizing the  working f l u i d  i n  heat  exchangers. 

more e f f i c i e n t  than f lashing alone because the  l a t e n t  heat of the  steam 

is transferred t o  t h e  working f lu id .  

steam may be required. 

The hybrid cycle  is 

Scrubbing of pa r t i cu la t e s  from the  

L 
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The binary cycle is i n  the  process of being scaled up but  is st i l l  con- 

I n  the  t o t a l  flow-concept, power is produced by the  expansion of the  

e n t i r e  w e l l  *output o f  low-quality .(two-phase) steam t o  the  condenser 

pressure.  '- -Expansion can be .accomplished by a specialized-impulse turbine 

o r  positive-displacement .expander. 

is thermodynamically more-eff ic ieht  than etther t h e  f lashing o r  binary , I  

Major development work is being done at Lawrence Livermore Laboratory 

where several total-flow. designs have been tes ted  and 

present.  time, a 50-kW axial- 
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3.2.1.2 Plant construction 

A geothermal power f a c i l i t y  w i l l  consis t  of a surface network of piping, a 

power plant ,  and high-voltage power 

v i c i n i t y  of the  f a c i l i t y  

w e l l s ,  powerlines ower p lan ts ,  and pipel ine facilities. Existing use 

of t he  land may be temporari 

v i c i n i t y  of geothermal a c t i v i t y  

The power plant  and w e l l  f i e l d  w i l l  require  a minimum area of 4.4 km‘ 

(2.73 m2). 

ansmission l i nes .  The land i n  the 
I _  

changed by the  construction of roads, 

rmanently changed, and the  immediate 

restrict the  publ ic  use of 

Lands adjacent t o  the developed site and made accessible  by 

geothermal development could support multiple uses such as hunting and 

other  recrea t iona l  activities, grazing, and agricul ture .  Previously 

inaccessible  unspoiled o r  wilderness areas may become more accessible .  

The power p lan t  w i l l  be located on about 4 ha (10 acres) of land adjacent 

t o  the  geopressured reservoir  and w i l l  contain housing f o r  power cycle 

equipment such as hea t  exchangers, turbines,  generators,  and condensers; 

cooling towers; and various support f a c i l i t i e s  such as o f f i c e  space, 

s torage and maintenance, buildings,  parking, and f i r e  water tanks. Geo- 

pressure power p lan ts  of 25 MWe are being considered f o r  design and are 

2 a reasonable s i z e  based on ex is t ing  resource assessments. 

The pipeline’network is  l i k e l y  t o  be above ground i n  order t o  econom- 

i c a l l y  provide the  necessary expansion loops and U-shaped expansion 

j o i n t s  i n  the  system f o r  control l ing thermal expansion and contract ion 

of the  l i n e s  during operation. In  addi t ion,  surface piping allows rapid 
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detect ion of -leaks or breaks t o  ensure minimal s p i l l a g e  of geothermal , 

brine.  

above ground w i l l  be approximately a meter (several  feet), with easements 

P ipe lhes -  w i l l  be' insulated t onserve heat ,  and the  elevat ion 

on each s i d e  of the  pipe. Insulat ing materials containing asbestos o r  

In  pipe design, the  e f f e c t  of surface area and 

heat  and pressure loss w i l l  be considered t o  provide 

maxim& flows a t  hinimum -cost. and hekt loss iping w i l l  generally be 

iameter and m u s t  be designed t o  withstand the  high 

ne of ~0.6 t o  3 m (2 t o  10 ft) may be 

ide  of th'e p i p e l h e .  

- >  

ill involve clear ing of rights-of-way, 

Lines and erec t ion  of &mer6 and l ines .  

138 kV and w i l l  be  hung from wood poles 

The wood poles w i l l  s tand 

ase; 'and allow a 305-m 

(1000-ft) ru l ing  span. 

140 ft) high, have an average basa l  area of about 93 m2 (1,000 f t 2 )  and, 

Lattice towers stand from 34 t o  43 m (110 t o  

ociated with 
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Access roads are necessary to provide t ransportat ion f o r  materials, 

equipment, and workmen during construction. Af te r  construct  ion,  access 

roads-are  necessary t o  allow maintenance o f  t he  transmission l i n e  system. 

Construction .requirements w i l l  be similar t o  those f o r  any i n d u s t r i a l  o r  

electric construction project .  

temporary construction o f f  ices and she l t e r s ,  sources f o r  potable water 

and electrical power, construction w a s t e  d isposal  areas, and san i t a ry  

f a c i l i t i e s  will7be necessary, 

s t ruc t ion  of access roads; c lear ing and grading p lan t ,  pipel ine,  and 

Storage areas f o r  equipment and materials, 

Construction operations w i l l  include con- 

transmission l i n e  areas ; handling of materials, equipment, and supplies; 

and disposal  of construction wastes. 

cause dus t  pa r t i cu la t e  problems as w e l l  as expose new s o i l  t o  surface 

runoff. 

construction techniques and measures such as bank sloping, revegetation, 

road surfacing,  s o i l  s t ab i l i za t ion ,  and adequate erosion and drainage 

control. 

Movement of e a r t h  and s o i l  may 

These e f f e c t s  w i l l  be temporary and may be minimized by proper 

Eff luents  during construction w i l l  not be unique t o  t h e  geothermal power 

p lan t  but w i l l  be similar t o  a l l  construction pro jec ts .  

t i o n  r e s u l t s  from the operation of gasoline powered engines and particu- 

lates from surface disturbances. 

o ther  construction activities may be s ign i f i can t  a t  t i m e s .  

from grading and construction w i l l  be disposed of and s t a b i l i z e d  i n  an 

appropriate manner. 

runoff and accidental  s p i l l s  of lubricants ,  gasoline, and o the r  substances . 

Minor a i r  pollu- 

Noise due t o  operation of equipment and 

Solid wastes 

Eff luents  t o  l o c a l  streams w i l l  include some surface 

L' 

ki 
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b, Sanitary f a c i l i t i e s  w i l l  be portable ,  and wastes w i l l  be disposed of i n  

an acceptable manner. 

Construction w i l l  result i n  changes i n  land u t i l i za t ion .  Land use w i l l  

be primarily ' i n d u s t r i a l  development, with h u l t i p l e  land uses possible  

after construction. I 'P;lthough t h e , f a c i l i t y  w i l l  be designed t o  blend in to  

the  na tu ra l  s e t t i n g  by landscaping, vegetation, and color  se lec t ions ,  I 

some v isua l  and aes the t i c  change is inevi table .  The v isua l  and aes the t i c  

effects w i l l  depend on t h e - s i z e  and extent  of the  p lan t ,  the  topography 

of the  area, t h e  vegetative cover, t he  techniques used t o  minimize impacts, 

and t h e  'proximity t o  population centers. 
' L  - 3 -  

3.211.3 : 

Economics of scale are not  presently possible  i n  p l an t  operation because 

the  uni t  size i s  l imited by reservoir  cha rac t e r i s t i c s  and the  economic 

l i n e s  are typ ica l  of any electrical power plant .  Power p lan t  operation 

activities include operation and maintenance of t he  piping network and 

geo t 
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During operation, ove ra l l  a c t i v i t y  w i l l  be reduced from t h a t  during con- 

s t ruc t ion  and f i e l d  development. Many areas previously cleared and 

exposed t o  weathering w i l l  be revegetated. Wells w i l l  continue t o  be 

d r i l l e d  or r ed r i l l ed  as needed t o  replace .or maintain ex i s t ing  wells,. 

Approximately 10 t o  12 w e l l s  w i l l  be required f o r  each-25-MWe plant.2 

Dr i l l i ng  w i l l  involve the  same operation described f o r  test d r i l l i n g  i n  

Sect. 3.1.2. 

Fluids withdrawn from w e l l s  w i l l  be transported t o  t h e  power p lan t  

through a surface piping network. 

network must be capable of withstanding the  high pressures associated 

with geopressured reservoirs .  

surface piping w i l l  allow ea r ly  detect ion and r epa i r  of l eaks  and mini- 

mize the l o s s  of geothermal f l u i d  but w i l l  require  access t o  pipel ines .  

Piping of high-temperature water under high pressure could be hazardous 

because rupture of a s ingle  l i n e  could result i n  excessive damage. 

The piping and a l l  equipment i n  the  

, 
Regular maintenance and inspection of t h e  

The geothermal f l u i d  piped t o  t h e  power p l an t  w i l l  be used i n  one of t he  

power cycles described i n  Sect. 3.2.1.1. Operational differences in 

these  cycles  w i l l  be considered. 

operation and maintenance of a cooling system and waste control  and dis-  

posal systems. 

Full-scale production w i l l  a l s o  involve 

Personnel, water, and sani tary f a c i l i t i e s  are required f o r  p lan t  produc- 

t ion  support. Personnel required during p lan t  operation w i l l  depend on 

t h e  instrumentation and controls  designed i n  t h e  plant .  Water w i l l  be 
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required during plant  production f o r  various purposes including potable 

water uses, f i r e  protection, t o  i n i t i a l l y  f i l l  the  cooling water system, 

and f o r  makeup water. The da i ly  potable water requirement w i l l  be less 

than 950 l i t e  50 gal) .  

be  required f o r  f i r e  protection.2 

o 600,000 gallons of water storage may 

The 'required f i r e  protect ion w i l l  depend 

on ' th 

w e l l ,  by diver t ing 

water. Offices and san i ta ry  f a c i l i t i  w i l l  be provided fo r  ons i t e  

Water may be supplied by d r i l l i n g  a freshwater 

ers t o  the  plan or  by importing bot t led  

1 power plant  w i l l  be similar re- 

gardless of power cycle' design. 

f l u i d ,  noncondensable 

Poten t ia l  e f f luents  include geothermal 

noise, and cooling system discharges. 
u 

Geothermal f lu id .  

from reservoir  t o  reservoir.  

The chemical composition of geothermal f l u i d s  varies 

Chemical composition of f l u i d  from a geo- 

s u r  

Table 3.1. The solutes  i n  geothermal waters can be divided i n t o  soluble  

elements and elements with concentrations controlled by mineral equi l ibr ia .  

Soluble elements include chloride,  bromide, iodide,  boron, cesium, 

li thium, and ammonia. 

t r o l l e d  by temperature- and pressure-dependent chemical equi l ibr ia .  

Concentrations of most other  elements w i l l  be con- 
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Table 3.1. Geopressured Manchester Field compared with normal 
pressured Hackberry Field 

$ 1  

I 

Calcasieu Parish Acadia Parish Idealized Model 

Field 
Well Name 
Depth 
Chemical Composition 

(ppm) 
Na 
ca 
Mg 
K 
CI 
HC03 
so4 
co3 
Li 
Rb 
cs 
Sr 
Br 
I 
Ba 
SiOz 
TDS 

Manchester 
No. 1 W. H. McBurrey 
12,670-1 2,677 

6,580 
138 
18 
86 

9,950 
1,330 

175 

3.1 
0 

5.3 
33 
27 
0 

18,300 

Hackberry , 

No. 51 Gulfland 
11,500 

49,100 3,500 

903 25 
309 50 

92,100 5,000 
286 1,000 
37 76 

5,850 

4.5 
0.6 
0 

569 
183 

23 
5.3 

149,000 

7 
0.7 

15 

500 
-1 0,000 

~ ~~ 

Source: G. W. Schmidt, "Interstitial Water Composition and Geochemistry of Deep Gulf Coast 
Shales and Sandstones," Am. Asoc. Per. Geol. Bull. 57(2): 321-337 11973). 

G. K. Underhill e t  al., Proceedings of Second Geopressured Geot%ermal Energy Conference, 
vol. IV: Surface Technology end Resoume Utilization, Center for Energy Studies, University of 
Texas, Austin, February 23-25, 1976. 
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concentrations of 

Geothermal f lu ids  may be disposed 

charge t o  i r r i g a t i o n  ditches , 
waters, *reinject ion,  i n f i l t r  

recycling. Surface discharges of geothe 

compatible with sur fac  

gas emissions such 

as hydrogen su l f ide ,  carbon d 

is not acceptable, i n j ec t  

pressured sand formations 1.5 t o  2.1 km (5,000 t o  7,000 f t )  deep appear 

t o  be a practical means of disposal. 

d i n t o  normally- 

This may be cost ly  due t o  equip- 

ment - and, power 

f o r  ,-re 

gate  t rans ien t  conditions 

excessive, t he  silicate may be prec ip i ta ted  before in jec t ion  t o  prevent 

plugging ~f In j ec t ion  

f o r  in jec t lon ,  

retreatment o - 

t ab le  might b 
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Noncondensable gas. 

of 'noncondensable gases including' carbon dioxide , hydrogen s u l f i d e  , 
hydrogen, methane, nitrogen, and a. No analysis  o f .  t h e  quan t i t i e s  

of noncondensable gases i n  geopressured reservoirs  has been reported. 

The t o t a l  gas content and the  relative concentrations of t h e  const i tuents  

Geothermal steam generally contains small quai i t i t ies  

depend on the  geochemistry of t h e  underground reservoir .  

reservoirs  are expected to  be sa tura ted  with methane. 

Geopressured 

The methane and 

gases w i l l  be-separated from the  geothermal f l u i d  at  t h e  power 

p lan t  and w i l  processed f o r  sal tities of noncondens ab le  

gases released during f l h h i n g  may not b e  p ro f i t ab le  f o r  recovery, and 

the  gases may be released throughAe 

Means f o r  removing and co l lec t ing  noxious gases may be developed as re- 

quired by individual  geothermal- systems. 

and pumped down in j ec t ion  wells. Studies on -methods f o r  cont ro l l ing  

hydrogen s u l f i d e  emissions from geothermal power plants  are being sup- 

i f  concentrations are acceptable. 

Gases may a l so  be coGressed 

ported by ERDA. 

Noise. 

r e s u l t  from steam and gas separation, pressure reduction, venting, cool- 

ing towers, turbines,  and the  general  power plant  area. 

Noise l eve l s  during p l an t  operation may be s i g n i f i c a n t  and w i l l  

Cooling system. 

towers , dry cooling towers, cooling pbnds , o r  once-through cooling. 

cooling system selected w i l l  depend on t h e  design cycle,  water avail-  

Condenser cooling w i l l  be  accomplished with w e t  cooling 

a b i l i t y ,  land area, receiving water standards,  and climate. 

L 
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Mechanical- o 

where the system design permits steam condensate from the  power p lan t  t o  

be  used as cooling tower feed water , .  No’nongeothermal source of fresh- 

water is required i n  such a design. Where geothermal condensate is not 

ava i lab le  f o r  cooling water (as i n  a binary cyc le) , ’a  source of freshwater 

is necessary)for  condenser operation. 

(3,400 acre-f t )  of cooling tower makeup water annually f o r  a 25-MWe plant .2  

atural-draf t w e t  cooling towers w i l l  probably b e  used 

This could require  up t o  400 ha-m 

Eff luents  from the cooling tower r e s u l t  from evaporation, d r i f t ,  and 

D r i f t  and blowdown contain trace elements car r ied  over from 

the geothermal s team.to the condensate when condensate is used as cooling 

emicals t o  cont ro l  scal ing,  corrosion, algae,  and fungi 

D r i f t  elimi- i n  the systemmay not b e  required i n  condensate *cooling. 

nators  -minimize the loss -of w a t e r  droplets  from towers, b u t  fog and mist 

V 

w 

are still 98soeiated with areas adjacent t o  ’cooling towers. Blowdown 

b e  released t o  th’e knvironment o r  re in jec ted  - v i t h  the  waste geo 

thermal. f l u i d  where appropriate t o  s p e c i f i c  appl icat ions ‘Solids from 

-cooling ‘tower operation w i l l  be disposed of In approved s o l i d  disposal 

-areas : 

Dry cooling towers‘lor hybrid wet/dry cooling towers may b e  used where 

freshwater is required i n  a water-deficient area. 

is drawn over banks of tubes through which process cooling water flows. 

All hezit -is diss’ipated *to the a‘ir,. and there  i g  no evaporative cooling. 

Heat t ransfer  is nbt as e f f i c i e n t  as w e  

operating cos ts  ;are usually higher. 

advantageous f o r  i n s t a l l a t i o n  of  dry cooling towers. 

In  a dry tower 

o l ing  towers, and c a p i t a l  ‘and 

Cool,’ dry climates would b e  the  most 

Dry towers do not 

consume water and produce no ef f luents .  
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Cooling ponds may be  used where a l a rge  land area is ava i lab le .  

makeup water is required t o  replace evaporation, and ground seepage 

problems are possible  w i t h  cooling ponds. 

Some 

.Once-through cooling i n  w h i c h  freshwater is  passed over hea t  exchangers 

one time before discharge may b e  considered f o r  areas with an abundant 

water supply t o  the  ex ten t  permitted by l a w .  

Corrosion and scal ing.  Plant  operation may r e s u l t  i n  corrosion, erosion, 

scal ing,  and plugging of d r i l l i n g  equipment , borehole casing, and sur face  

plumbing and equipment when hot  mineral-laden geothermal f l u i d s  are used. 

The corrosion po ten t i a l  w i l l  depend on the  na ture  and concentration of 

dissolved sal ts  and gases, the temperature, the pH, and t h e  amount of 

oxygen i n  the geothermal f lu id .  Erosion may r e s u l t  from entrained 

pa r t i cu la t e  matter i n  the  geothermal f lu id .  Scale  is formed by precipi- 

t a t i o n  of silicates, carbonates, and s u l f a t e s  from the  geothermal f lu id .  

The ERDA is current ly  supporting research i n  t h i s  area. 

problem may b e  accomplished by using expensive corrosion-resistant mate- 

rials f o r  p lan t  construction, by reworking wells, and by cleaning o r  

replacing surface piping. No e f f luen t s  r e s u l t  i n  addition to  those 

previously mentioned. 

Control of t he  

Water. During operation of the  power p lan t ,  withdrawal o f >  f l u i d s  may 

cause the  groundwater and sur face  hydrologic regime t o  change and may ” 

influence the  a v a i l a b i l i t y  of water i n  the  area. Withdrawal and disposal  

of geothermal f l u i d s  could r e s u l t  i n  contamination of freshwater aqui fe rs  
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i f  one aqui fe r  horizon were-not kep 

cementing the casings of production 

a ted  from another by properly 

n jec t lon  w e l l s  : 

Energy recovery 

Dissolved methane, k i n e t i c  energy, and thermal energy are the  three  forms 

of usable energy contained i n  geopressured reservoirs .  Natural gas is  

the pressurized ho t  b r i n e  from a geo- 

pressured reservoi r  and is  recovered as pressure is  reduced i n  the  geo- 

several s tages  

during power production and w i l l  no t  b e  of pipe l ine  qua l i ty .  A f u e l  
1 

plant  may b e  constructed as p a r t  of the  geothermal power p lan t  t o  process 
- 

the na tu ra l  gas to  p ipe l ine  h y. Processing o f  t he  recovered na tu ra l  

gas w i l l  involve cooling, pressure adjustment, and dehydration. 

K i n e t i c  energy w i l l  b e  recovered from the geopressured reservoi r  by con- 

ver t ing  the high wellhead pressures t o  electric power by use  of a hydratilic 

W 

turbine. The ho t  f l u i d  w i l l  be  a two-phase system a t  a high temperature, 

t f l a s h  cycle,  ho t  b r i n e  is  flashed i n  

a steam separator o r  f l a s h  tank, and the  vapor f r ac t ion  'is used t o  operate 
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a turbine while the l iqu id  f r ac t ion  is discharged t o  s e t t l i n g  ponds o r  

r e in j ec t ion  wells through s i l ence r s  t o  reduce noise  levels, Noise l eve l s  

w i l l  be  high f o r  workers. The f l u i d  w i l l  most l i k e l y  b e  flashed a t  the  

power p lan t  a f t e r  pressure reduction and recovery of na tura l -gas .  

The percentage of geothermal steam mass flow a f t e r  f lash ing  w i l l  depend 

on the temperature and pressure of the geothermal f l u i d  before and a f t e r  

flashing. Generally, the steam mass flow w i l l  be i n  t h e  range of 10-30% 

of t o t a l  mass flow. The remaining l i qu id  f r ac t ion  w i l l  r e t a i n  

s l i g h t l y  higher concentrations of trace elements and dissolved s o l i d s  

than the  f l u i d  before flashing. 

passes through the turbine t o  the condensers. The low temperature and 

pressure of geothermal steam requires  l a rge  turbines relative t o  the  

generating capacity. The most economical turbine s i z e  a t  present appears 

The geothermal steam is expanded as i t  

to  b e  50 MWe o r  less, bu t  more than one turbine may be i n s t a l l e d  i n  a 

plant .  

The steam condenser w i l l  operate a t  a vacuum providing low turbine back 

pressure to  maximize energy extract ion.  Noncondensable gases w i l l  b e  

removed with gas e j ec to r s  and released t o  t h e  environment through appro- 

p r i a t e  gas cleanup systems t o  maintain the  vacuum. 

direct-contact o r  surface hea t  exchangers, depending upon the  

cont ro l  of noncondensable gas. 

requi re  less cooling water, and present fewer corrosion problems than 

Condensers w i l l  b e  

Direct-contact condensers are cheaper, 

surface hea t  exchangers. Water-soluble gas components tend t o  dissolve 

i n  and discharge with the cooling water i n  direct-contact condensers. 

L 

I: 
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Surf ace ,condens r o l  of noncondensable I 

ding a more concentrated 

stream of nonco 

I n  the  d i r e c t  f l a s h  cycle, w e t  cooling towers are usually used to  provide 

cooling f o r  the condensers. Condensate is  used f o r  feed t o  t h e  cooling 

enser cooling water i s  

Most of the ste 

cooling tower b l o  

Binary cycle. I n  the binary system, passed through a heat 

exchanger t o  t r ans fe r  t he  thermal energy t o  a noncorrosive working f l u i d  
. "  

arbons. The vaporized working 

ectrickl energy. The turbines  

i r e d  by"an equivalent d i r e c t  f l a s h  

contained i n  

The geothermal f l u i d  

ur  face  waters 

with a typ ica l  loss of only about 2% of the  t o t a l  mass flow. 

emperature of t he  geothermal 
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high t o  condense the  ary f lu id .  As much as 400 ha-m 

(3,400-4,800 acre-f t )  of cooling tower makeup water f o r  a 25-MWe plan t  

w i l l  be  required i n  a binary cycle operation3 when w e t  cooling towers 

are used. 

on spec i f i c  conditions. 

Dry cooling towers and cooling ponds MY be used, depending 

Total-flow cycle. Turbines developed f o r  the t o t a l  flow cycle are l i k e l y  

t o  be noisy and require  massive w a l l s  t o  withstand the  s tored energy. 

A t  the  turbine o u t l e t ,  the geothermal f l u i d  w i l l  pass through a condenser 

f o r  cooling. A cooling tower o r  spray pond w i l l  usually be required.*'The 

t i t y  of makeup water required w i l l  depend on evaporative cool in  

losses  vs the cooling tower feed from condensed vapor. 

3 .2 .2  ' Nonelectrical  appl icat ions 

The po ten t i a l  u t i l i z a t i o n  of geopressured geothermal energy f o r  non- 

electric appl icat ions is  l imited by the  resource's  d i s t r ibu t ion  and the  

economics of resource recovery. 

areas would require  the establishment of new indus t r ies  t o  u t i l i z e  the  

geothermal f l u i d ,  whereas i n  more i n d u s t r i a l  areas, new industry o r  

expansion or  modification of ex is t ing  indus t r ies  would be required. 

Nonelectric appl icat ions may be su i t ab le  f o r  the  use of na tu ra l  geo- 

thermal f l u i d s  or  may require  upgrading of the  geothermal f lu id .  

Geopressured zones s i t ua t ed  i n  r u r a l  

Nonelectric appl icat ion of geothermal resources are economically attrac- 

t i v e  i n  the  low- t o  moderate-temperature range from 5OoC t o  about 15OoC. 

Below 50°C, u t i l i z a t i o n  of geothermal water is l imited,  and above 15OoC, 

production of e l e c t r i c i t y  becomes more feas ib le .  

L 
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9.2 2.1% . Applications . W 

1 .  

f o r  appl icat ions requiring s igni f icant  low-grade, low-temperature energy 

a t  a r e l a t i v e l y  high-energy density. Nonelectrical uses of geothermal 

1. res ident ia l ' and  commercial uses f o r  space and water heating, space 

cooling, augmenting water eatment , re f r igera t ion  

i t o  9 

and bot t led  water.. 

heating, water h 

energy. Space o r  water heating and air conditioning may be provided by 

can be provided by an absorption cool i  

work is capital-intensive and can be a major port ion of the  t o t a l  system 
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cost. 

f l u i d  temperature, load density,  d i s t r ibu t ion  from the geothermal f i e l d  

Transportation and d is t r ibu t ion  cos ts  w i l l  depend on market-size,  

market, and complexit t e m  fo r  d i s t r ibu t ion  

I 

thermal waters may be used t o  

onditions for  plant and animal cul t ivat ion.  The primary 

ag r i cu l tu ra l  appl icat ion fo r  geopressured geothermal f l u i d s  

ponies. 

house heating and plant  i r r iga t ion .  

Hydroponics includes the use of geothermal f l u i d s  f o r  green- 

The pur i ty  of the geothermal f l u i d  

is important i n  d i r ec t  s o i l  heating applications.  By using - 
changers, heat may be t ransferred from the geothermal f l u i d  t o  water, 

which can be d i r ec t ly  used on crops. However, climate along the  Gulf 

Coast is mild, and f r o s t  prevention would have low p r io r i ty .  

summer greenhousing t o  maintain optimal growing conditions is feasible .  

Winter and 

I ' I  

Geothermal f lu ids  may a l so  be used i n  animal husbandry f o r  heating, 

cleaning, san i t iz ing ,  and drying of animal she l te rs .  There is  evidence 

tha t  some animals respond t o  an optimal thermal environment with in- 

creased production, growth rate, and feeding eff ic iency.  

Aquaculture is  the prac t ice  of cu l t iva t ing  aquat ic  species under con- 

t r o l l e d  environmental conditions. 

maintain optimal environmental conditions year-round and promote in- 

creased growth and feed efficiency. 

Geothermal f l u i d s  may be used t o  

' 
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For ag r i cu l tu ra l  operations to  be an a t t r a c t i v e  geothermal u t i l f z a t i o n  

market, the ,supply system-mGt be inexpensive, t he  ag r i cu l tu ra l  opera- 

t i o n  must be intensive,  or t he  ag r i cu l tu ra l  u t i l i z a t i o n  must be secondary. 

I n  general; .it has beenlconcluded t h a t  unless ag r i cu l tu ra l  operations are 

very intense and coordinated; agr icu l tura l  u t i l i z a t i o n  of geopressured 

f lu ids  independent ,of a major base load w i l l ’  be uneconomical because of 

the  very l a rge  fue l  plant  c a p i t a l  costs.2 Large scale hydroponics opera- 

t ion  with heating, a i r  circulat ion,  cooling, and’product processing may 

be economical. 

t ion ,  s t e r i l i z a t i o n ,  washing, and deicing. Heat may be t ransferred from 

ashed steam. 

Indus t r i a l  complexes could consume as much as 50 MWe equivalent per  plant.  
-~ 

Geothermal f lu ids  may also be used t o  derive raw materials such 

and valuable chemicals f o r  ind  and development 

Energy-intensive industry is  concentrated q u i t e  heavily i n  portions of 

the  thermal 
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u t i l i z a t i o n ,  t he  locat ion of t he  resource with respect  t o  ex i s t ing  and 

po ten t i a l  markets, and the  economics of u t i l i za t ion .  I n d u s t r i a l  u t i f i za -  

~ t i o n  of geopressured energy requires  t h a t  the  f l u i d s  be  located within 

less than 50 miles of t he  industry and t h a t  t he  f l u i d  d i sposa l~capac i ty  

be located reasonably c lose  by. Table 3.2 lists the  possible i n d u s t r i a l  

appl icat ions of geopressured geothermal f l u i d  i n  the  .Gulf Coast region. 

3.2.2.2 Constructionland operation 

Development of the  nonelec t r ica l  geothermal resource w i l l  involve resource 

exploration and assessment, d r i l l i n g  of w e l l s ,  and f i e l d  development. 

Resource exploration and w e l l  d r i l l i n g  w i l l  be similar to t he  descrip- 

t ions  i n  Sect. 3.1. 

electrical appl icat ion,  the  w e l l  performance, and the  system design. 

Flow rate and performance of a pa r t i cu la r  w e l l  w i l l  depend on t h e  f l u i d  

volume i n  t h e  aquifer ,  the  permeability of the  formation, t h e  physical 

r e s t r i c t i o n s  of t he  d r i l l e d  w e l l  and piping, and t h e  type of completion 

equipment. 

provided by the  e f f luen t  from geopressured power p lan ts ,  i f  t h e  by- 

product waste water has su f f i c i en t  quan t i t i e s  of heat .  

The number of w e l l s  required w i l l  depend on t h e  non- 

Energy f o r  nonelec t r ica l  geothermal appl icat ions may a l s o  be 

Nonelectrical geothermal energy systems could include gas separato 

hydraulic turbine, a main p ipe l ine  from the  w e l l  o r  w e l l s  t o  t he  d 

bution system, a d i s t r ibu t ion  system, a steam separation 

, a col lec t ion  system, and a disposal  system. The components 

of each nonelec t r ica l  system w i l l  depend on the  nonelec t r i  
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and heating with cooling accomplishe 

2. industrial applications 
Sugar cane refining 
Paper manufacturing 

Petroleum and natural gas pipeline pumping 
Processes requiring low-level process heat 
Cold storage and frozen food preparation 
Water desalination 
Air redu#ion and liquefaction process plants 
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and the  system design. I n  general, construction of a nonelec t r ica l  

system involves t h e  assembly of piping i n  varying s i z e s  and i n s t a l l a t i o n  

of valves, regulators ,  meters, expansion j o i n t s ,  and controls  necessary 

f o r  r e l i a b l e  operation of t he  pipe network. 

t r o l l e d  with bellows, s l i p  j o i n t s ,  o r  U- o r  2-shaped j o i n t s .  

Heat expansion w i l l  b e  con- 

The-system 

m u s t  be thermally insu la ted  t o  prevent excessive heat  l o s s  and temperature 

drop. Some insu la t ion  materials may present hea l th  hazards and should be 

handled careful ly .  Pipes may be i n s t a l l e d  i n  many ways - from b u r i a l  i n  

concrete trenches t o  bu r i a l  of prefabricated pipe within a pipe contain- 

ing insu la t ion  i n  the annulus. 

f o r  pressure control  and gas recovery. 

The system design must include a means 

Where w l l h e a d  pressure is not 

t o  be reduced, t he  e n t i r e  system must be designed t o  withstand expected 

pressures. 

f o r  i n j ec t ion  of the  w a s t e  f l u id .  

designed f o r  i n i t i a l  pressure reduction by a hydraulic tu rb ine  o r  o the r  

means before entering the  d i s t r ibu t ion  system. 

t h e  geothermal f l u i d  consisting primarily of methane w i l l  be released as 

Wellhead pressure may be maintained i n  t h e  system t o  be used 

Alternat ively,  t h e  system may be 

The gaseous portion of 

pressures are reduced. 

and processed f o r  discharge to  ex i s t ing  na tu ra l  gas p ipe l ine  systems. 

The gases w i l l  be recovered with gas separators  

The area disturbance and ex ten t  of impacts during construction w i l l  

depend on the  ruggedness of t he  area t e r r a i n  and the  size of the non- 

electrical geothermal system. Equipment f o r  c lear ing,  trenching, pipe 

in s t a l l a t ion ,  and backf i l l ing  wi l l  be required. Operation of equipment 

w i l l  result i n  minor a i r  pollution and noise. Surface and vegetation 

disturbance along the p ipe l ine  corr idor  w i l l  be unavoidable and could 



LJ cause some erosion and s i l t a t i o n  of drainage areas and surface streams. 

Problems inherent at all construction sites such as fugi t ive  dust,  s o i l  
I 

disturbances and movement, disposal of construction wastes, materials 

t o  occur. In some 

areas, construction of access roads may be required. Where piping must 

pass through developed areas, considerable disrupt ion and inconvenience 

6, 

may r e s u l t  f o r  persons occupying surrounding buildings o r  

interference occurs. 

where t r a f f i c  

f l u i d  f o r  d i r e c t  use of steam, d i r e c t  use of t he  geothermal f l u i d ,  o r  

use of the geothermal f l u i d  i n  hea t  exchange systems. 

t o  noncondensab 

These are described i n  detail i n  Sect. 3.1. 
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3.3 ENGINEERING RESEARCH AND DEVELOPMENT 

Advanced d r i l l i n g  technology w i l l  involve improved d r i l l  b i t s  and auto- 

mated r i g s ,  high-temperature d r i l l i n g  f lu ids ,  elastomers, cements, and 

down-hole sensors and d i r ec t iona l  d r i l l i n g  i n  hard fractured rock. D r i l l  

sed penetration rates, reduced b i t  w 

ze d r i i l i n g  cos ts  and l l i n g  t i m e .  ERDA 

is  current ly  supporting rese 

equipment. 

t i n g  new d r i l l i n g  

Modern mobile d r i l l i n g  r i g s  capable of a t t a i n i n g  depths up 

t o  4 km and equipped f o r  rapid changes i n  d r i l l i n g  procedures as hole 

conditions change are t o  be investigated. These developments can reduce 

the  total  release of e f f luen t s  from the  reservoi r  during d r i l l i n g  because 

of reduced d r i l l i n g  time. 

Improvement of d r i l l i n g  f l u i d s ,  elastomers, and cements f o r  high- 

temperature use w i l l  reduce the  r i s k  of blowouts and casing f a i l u r e s  

previously caused by de ter iora t ion  of these materials a t  high tempera- 

tures .  

d r i l l i n g  of more than one hole from the  same d r i l l  pad. 

crease the  number of disturbed areas f o r  dril l-pad construction and 

reduce the  amount of piping required. 

ava i lab le  and may be  used t o  reduce impacts i f  necessary. 

Directional d r i l l i n g  i n  hard fractured rock w i l l  allow the  

This w i l l  de- 

. .  
Nontoxic d r i l l i n g  f l u i d s  are a l s o  

Development of equipment and methods f o r  w e l l  s t imulation and down-hole 

pumping to  improve the  f low from marginal w e l l s  could decrease t h e  
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number of wells abandoned and reduce the-nunher of wells eventually 

dril led i n  a reservoir. 

changers for the 

chemical and 

k.’ emonstration plants. 
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E ~ I R O N M E N T A ~ '  E 
t '  

The physical and b io logica l  e f f  

development may vary gr 

yegetation t h a t  

i s lands ,  marshes, and upland areas. -0ffshore.environments have p o t  

8 o f .  geopressu 

l y  }because pf . ,  t he  pari 

e- encountered " /  Habitat, typ 

d i t i o n s  f o r  

< *  

ec b i o t  

s u l t s  from the  combination of's l a b i  

The l a r g e s t  po ten t i a l  d i r e c t  ecological e f f e c t  is t h e  forced abandonment 

of seabird rooke 

r e su l t i ng  i n  losses  of vegetation and property. 

4-1 
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Salt-, brackish-, and freshwater marshes are common i n  the geopressured 

region. These community types w i l l  experience the  grea tes t  impact from 

development. Development a c t i v i t i e s  involve e i t h e r  dredging f o r  canals 

and ponds o r  f i l l i n g  f o r  roads and pads. Dredging destroys marshlands 

d i r ec t ly  by the removal and dumping of spoi l s  and ind i r ec t ly  by changing 

flow pa t te rns  and s a l i n i t y  regimes. Dredging of ex is t ing  waterways 

displaces benthic communities and creates turb id i ty  tha t  can damage the 

respiratory surfaces of f i s h  and zooplankton, bury o r  suffocate  benthic 

organisms, and release buried toxic  materials. Dredging a l s o  produces 

spoi l s  t ha t  must be discarded; disposal  a t  sea r e s u l t s  i n  fur ther  e f f ec t s  

on benthic organisms. 

i n  flow and s a l i n i t y  pat terns  tha t  r e s u l t  i n  vegetat ional  changes. 

F i l l i ng  covers marshlands and can cause changes 

Erosion of f i l l  and s p o i l  p i l e s  can reduce productivity over an addi- 

t i ona l  area. 

assimilate waterborne wastes; absorb the energy of storms; support 

waterfowl, furbearers,  and other  wi ld l i fe ;  and supply d e t r i t u s  t o  the 

Coastal marshes are highly valued f o r  t h e i r  a b i l i t y  t o  

es tuar ies  t ha t  serve as nursery grounds f o r  marine f i she r i e s .  

of ex is t ing  disturbed areas w i l l  r e s u l t  i n  minimal impact of the geo- 

pressured geothermal energy development i n  these marshes. 

The use 

Upland areas w i l l  be disturbed less by development than w i l l  wetlands. 

The prime concern i n  uplands is the r a r i t y  of the  biotic.communities 

involved. 

p ra i r i e ,  normally expected i n  t h i s  region, has become a rare community 

Because of ex is t ing  ag r i cu l tu ra l  development, native coas ta l  

type. A secondary but important consideration is the product$vity of 

the land involved. Both agr icu l tura l  and na tura l  b i o t i c  productivity 

are valuable resources. 
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iLocal impacts will 'vary seasonally In.some cased, sueh as those itlvolving 

habitat €or overwintering birds  or breedingsgrounds i n  coastal -marshes. 

Such variations w i l l  be considered on a site-specific basis when needed 

to mitigate impacts. 
d 

. s  

4.1 RESOURCE DEVELOPMENT 

u 
than khose'of the 

The physical and biological effects  of f i e l d  exploration vary in degree, 
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exploration activities;. However, whenlwarranted, addi t iona l  geological 

o r  geophysical surveys will-po$e a potential '  environmental impact. 

4.1.1.1 Physical e f f e c t s  

Reconnaissance and geophysical operations w i l l  pose minimal physical 

techniques ar 

oriented and vary I n  t h e i r  enviro 

chemical 'exploration have negl ig ib le  impact; da t a  are gathered on foo t ,  

and ex i s t ing  traiis  and roads are used when pract icable .  

vehicle  use is warranted, temporary surface scars and l o c a l  increases in 

erosion may occur. 

n t a l  e f f ec t s .  Geological and geo- 

If cross-country 

I n i t i a l  geophysical exploration a l s o  has l i t t l e  impact .  These surveys 

involve small crews of one t o  f i v e  people, the  use of one t o  three  small 

trucks, and a c t i v i t i e s  t h a t  include gravi ty ,  magnetic, r e s i s t i v i t y ,  

magnetotelluric, radiometric, microseismicity, seismic-,noise, and ground 

noise s tudies .  Because vehicular t r a f f i c  is generally l imited t o  ex is t -  

ing roads, physical impacts are minimal. However, establishment of f i e l d  

camps and use of cross-country vehicles  may create temporary surface scars 

and l o c a l  increases  i n  erosion. 

The later s tages  of exploration - active seismic, khallow-temperature, 

and s t r a t ig raph ic  s tud ies  -have a so 

impacts. 

holes require  f i v e  t o  ven trucks, up t o  15 people per 

c lear ing of temporary roads, and a surface disturbance of 9 

at  grea te r  po ten t i a l  f o r  physical 

Active seismic s tud ie s  and the  d r i l l i n g  of shallow-temperature 

te ,  the  possible  

m (30 by 
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W 30 ft); 'Where possible, drilling can b& minimized by using abandoned 

seismic shot holes for 'shallow-temperature observation.. Stratigraphic 

holes-reaching to a-depth'of 760 m (25007ft). or more require 8 greater 

site cxearance of.3.2Cby 98 m'(40 by 60 ft), a portable rig, three three- 

r inan crews, and' intermit tent traf €icd along exis tfng   or‘, cleared roads. 7 

Reserve *ponds will be hecehsary4with most drilling3activities, 

I r *  

Thus, seismic, shallow-temperature, and stratigraphic operations have 

potential short-term impacts'due to .cJ.)lnoise, (2) fumes released from 

machinery, (3) accidental release of reserve pond contamination to sur- 

face or groun 

" , - :  I . * A  

4.1.1.2 Biological effects 
: $. 5\' 

Because the Gulf Coast has been intensively explored by the oil and gas 

industry, surface geologic exploration should-be less extensive!t-han?it 

would be in other regions, and most of it can be conducted from existing 



t h a t  are built: Dr i l l ing  i n  wetlands involves dredging o r  f i l l i n g ,  

which results in.depletion1of marsh and aquat ic  biota .  ,Because of 

possible  leakage and*inundation of mudpits during storms o r  floods, 

nontoxic d r i l l h g  muds-will be used where pract icable ,  thus l imi t ing  

impacts.’ Althoughrthe duration ofcthese activities is  shor t ,  the  noise, 

fumes, and general level of human act5vi ty  w i l l  d isplace waterfowl and 

other  w i l d l i f e  from the  immediate area. 

4.1.2 T e s t  d rk l l ing  and protection t e s t i n g  

ow f i e l d  explorat  

w e l l - s i t e  preparation, d r i l l i n g  operations, w e l l  t e s t ing ,  and w e i l  

t. 

equate controls  and planning such as those co 

These activit ies have po ten t i a l  environmental impacts and 

Department of the  I n t e r i o r  Regulatio 

velopment t h a t  may follow cons is t s  of fur ther  exploratory w e l l  d r i l l i n g  

t o  def ine the  geothermal f i e l d .  

those of w e l l  d r i l l i n g  but are cumulative i n  nature. 

Environmental e f f e c t s  are similar t o  

4.1.2.1 -Physical e f f e c t s  

A i r ,  water, and land qua l i ty  &y be a f fec ted  by the  excavation, d r i l l i n g ,  

and e f f luen t s  of exploratory w e l l s .  Water vapor and o ther  gases’ may be 

released i n t o  the  atmosphere during uncontrolled venting and w e l l  test- 

ing. 

during colder temperatures, fogs o r  ice may result. 

Vented water vapor may a f f e c t  t he  microclimate of t he  area, and 

Po ten t i a l  noncon- 

densable gases associated with t h e  geopressured f l u i d s  include carbon 
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b, 

ed 

dioxide, nitrogen, hydrogen, ammonia, hydrogen sulfide, methane, ethane, 

and other hydrocarbons 

cient quantities toedegrade air quality or create health hazards' 

Vented methane and *hydrogen 'sulfide wtll "be burned off at some wells ,' 

thus releasing sulfur dioxide. 

by exliaust emissions released from.the aperation'of vehicles, 'drill 

These,and<other gases,may,be present in suffi- 

In addition, air quality may be affected 

rigs,.and accessory equip 

f l b  

The potential for affecting water resources is alsoeimportant, 

struction of roads .and.drill sites may increase siltation and/or 

Con- 

turbidity-of streams::.Along'coastaleareas, dredging and increased boat 

traffic.may also influence water quality.and turbidity.. Thenaal.or : 

chemical 'contamination -of surface -or !groundwater m y  'result from 'im- 

proper disposal of fluids, blowouts '(Sect.-4.3.4), spillage, and leach- 

ing of holding ponds and mudpits. Leakage is minimized when sumps are 

located topographically where they are not-affected by runoff-and when, 

an 3mpermeabXe lining is provided. In certiiin states, the 'use.of ;hold- 

ing ponds is permitted-only on a temporary-basis. 

groundwater from well-casingefailure in-freshwater aquifers,,accidental 

and improper interceyt5cc. of artesian aquifers, or improper reinjection 

of hydrothermal fluids .-are other *possibilities 

during drilling is'-moderate.and requires an estimated maximum of 12,000 

ontamination of 

Local water consumption 

Physical impacts of land clearing include potential erosion and soil 

contamination. Several acres of land may be cleared for temporary roads 
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.and buildings. 

than 5 acres. 

and are covered with gravel and/or o i l ,  if necessary, to control erosion 

and fugitive dust.' Alterations in topography, increases in erosion, and 

Drill sites generally require l.to ~2 acres and no more 

Both roads and-drill sites are used throughout the year 

. 

possible.lands1ides are of greatest concern in areas of high relief 

where-koils are unstable and cut-and-fill methods are used. Erosion 

can be lessened when techniques such as mats, water breaks, contour 

trenches, or vegetation buffer strips are used. Along coastal areas, 

alterations in topography and increases in erosion may also develop 

because'.of-dredging and landfill techniques. Further impacts may 

result from disposal of drilling muds and improper.containment of 

reservoir fluids. 

precipitates,-residual salts will inevitably remain in the soil and may 

In addition, after proper disposal of holding pond 

cause soil contamination caused-by leaching. 

Exploratory drilling will also influence aesthetics and land use. The 

test site.wil1 be occupied for one to two months, during which time the 

drill rig and vapor plumes may be visible, depending on topography, 

remoteness, and vegetation. Scars from roads and the excavation site 

will lessen scenic quality for several months in wet areas to several 

years in-arid areas. Noise from both drilling-and'venting operations 

will reach high levels - up to 125 dB if unchecked (Table 4.1) ; muffler 
systems and proper safety measures may be required. Land use may in- 

volve competition with agricultural, grazing, historic, or recreational 

uses 

L 
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9 Table 4.1. Comparison of noise levels between The Geysers 
(California) hydrothermal resource area and other noise sources 

Source 
Level 

[dB(All 
Distance (ftt) 

Steam line vent 100 50 
Steam line vent 90 250 

Comparative levels 

Jet aircraft takeoff 125 00 
Threshold of pain 120 Average 
Unmuffled diesel truck . 

. 1 .  
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Upon completion of a l l  tes t ing ,  the  w e l l  w i l l  be abandoned i f  it is 

unproductive. A l l  equipment, d r i l l i n g  mud, and e f f luen t s  w i l l  be 

removed, a l l  holding ponds w i l l  be backf i l led  and leveled, and the  w e l l  

w i l l  be plugged, as 'required, t o  prevent any f l u i d  movement within the  

w e l l  bore. The area should then be reseeded and returned t o  a na tu ra l  
. "  

vegetation condition. 

The impacts of f i e l d  development are -identical t o  those of test d r i l l i n g  

but  are cumulative i n  nature. 

measures than those required 'during exploratory d r i  

Because of t h i s ,  -more s t r ingen t  cont ro l  
' (  J 

necessary. 

4.1.2.2 Biological e f f e c t s  

Preparation f o r  d r i l l i n g  involves c rea t ion  of a s u i t a b l e  d r i l l i n g  s i te  

and an access corridor. 

vegetation from access roads and a 1- t o  2-acre d r i l l  pad. 

disturbed areas can reduce f e r t i l i t y ,  smother low-lying vegetation, 

I n  upland areas, this involves clearance of 

Erosion of 

abrade f i s h  g i l l s ,  and smother benthic organisms. I n  wetlands, dredging 

and f i l l i n g  of canals, ponds, roads, and pads can have extensive d i r e c t  

and ind i r ec t  e f f e c t s  on vegetation and terrestrial and aquat ic  w i ld l i f e .  

Dr i l l i ng  and w e l l  t e s t ing  requi re  disposal  of d r i l l i n g  mud, cu t t ings ,  

br ines ,  noncondensable gases, and organic condensate. A reserve pond 

f o r  d r i l l i n g  wastes occupies several hundred t o  several thousand square 

L 

f e e t ,  which m u s t  be cleared of vegetation and leveled. I f  nontoxic 
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dr id l ing  muds .are used, 'the results ofd aeakage .or inundation 'of reserve 

ponds can benlargely l imited t o  s i l t a t i o n  and ' turb id i ty  as produced by 

erosion. If hotlbr ines  are disposed of by re in jec t ion  impacts w i l l  

r e s u l t  from the dredging of.,another$pond o r  the %filling o r  c lear ihg of 

another pad and creat ion of another reserve pond. 

are.usedaforrbrine disposal,  salt and other  evaporites may leach through 

gaults i n  the.. l i n ing  or be washed, Out! by abnormally high. water and 

possibly degrade l o c a l  terrestrial and aquatic ecosystems. 

thermal3 pol lut ion problems may result from br ine ,d isposa l  i n t o  na tu ra l  

I f  evaporation ponds 

Sa l in i ty  and 

he impact of s a l i n i t y  would dependGbn the nature o f  the  

receiving water I f  a la rge  body of s a l i n e  or-brackish water was used 

f o r  disposal  and the br ine  was  properly diffused, the impacts could be 

minimal because of the wide na tura l  range of sal ini t ies  t o  which the 

coas ta l  aquat ic  b io ta  is adapted. 

could result. 

Thermal e f f e c t s  within the plume 

Aquatic b io ta  could be displaced, and dissolved oxygen 

vegetation. 

> <  

Noncondensable gases (Sect. 4.1.2.1) are unlikely t o  accumulate t o  toxic  

levels because of the  low-production rate-of  a s ing le  t e l t - w e l i j . t h e '  

i n s t ab i l i t y :  of air  i n  I t h i s  coasta 

res t ra in ing  topograph 

and safetyiof  workme 

acceptable. 

regian,'arid the absence of c i rculat ion-  

Precautions w i l l  bettaken t o  ensure the heal th  

n most ca ses , ' f l a r ing  the  gas should be 
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,Workers w i l l  a l so  be protected :from the noise leve ls  t ha t  could r e s u l t  

from d r i l a ing  and venting operations through the use of mufflers o r  ear 

protection..  Noise and human ac t iv i ty ,  i n  general, would dr ive  wi ld l i f e  

from ,the,&nmediate v i c in i ty  of the operations. 

While: res tora t ion  following t e s t ing  can be nearly complete i n  upland 

areas , - i t  is unlikely t h a t  dredged and f i l l e d  wetlands can be restored. 

- -  . 

Thedmpacts of f i e l d  development and associated w e l l  t e s t ing  w i l l  be the 

same as exploratory w e l l -  d r i l l i n g .  Because impacts can accumulate within 

a l imited area, mitigation would have to  be more intensive t o  p reven t -  

la rge  t o t a l  imparts. 

4.1.3 Field development 

The impacts of f i e l d  development are iden t i ca l  t o  those of test d r i l l i n g  

but are cumulative i n  nature. 

of erosion and f lu id  and gas release than are required during exploratory 

d r i l l i n g  may be necessary. 

Because of t h i s ,  more s t r ingent  controls 

4.2 RESOURCE UTILIZATION 

Potent ia l  environmental impacts of resource u t i l i z a t i o n  w i l l  r e s u l t  from 

the construction of d i s t r ibu t ion  systems and f a c i l i t i e s - a s s o c i a t e d  with 

the use of geopressured geothermal energy, as w e l l  as with the mainte- 

nance and operation of such f a c i l i t i e s .  Electrical and nonelectr ical  

t 
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development involves many similar a c t i v i t i e s  r e su l t i ng  i n  similar W 
ver, there  are i f i c a n t  differences between electrical 

+d nonelectr ical  de described i n  the following sections.  

W 

ruct ion ‘and -maintenance“will create an extensive network 

ral ‘square kilometers The pipel ine network f 

s u l l y  w i l l  be supported iboveground t o  allow of geothermal 

iameters d y  range ‘from 25 t o  60 ‘cm 

ts of 1.2 t o  6 m (4 to-20  ft)‘may be cleared. 

iques o r  i a n d f i l l  may ‘be necessary i n  ‘some instances.  

Piping f o r  -nori&ctric.ial use eothermal energy w i  

Therefore; pipel ine construc- 

t i o n  w i l l  ilivolve ‘cle backfi l l ing.  In  both elec- 

- t r i a l  and nonelectr 

land, air, and water q 

s t ruc t ion  w i l l  affect 

f f e c t s  w i l l  be temporary and can 

The cons t ruc t i  pelines’ within sa marshes w i l l  

engineering and environmental problems. C uction of aboveground 

lines would require  extensive f i l l i n g  of marshland. Laying the pipel ine 

done by the o i  s indus t r ies ,  would 

’ r e s u l t - i n  insu la t ion  ana thermal 
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4.2.1.1 Physical e f f e c t s  

ts of pipel ines  are similar t o  those of f i e l d  develo 

with respect  t o  erosion and possible land and water contamination. 

l i n e  construction w i l l  probably have an impact on land surface areas and 

Pipe- 

on air, water, and v isua l  qual i ty;  increased noise l eve l s  w i l l  occur. 

These e f f e c t s  w i l l  be temporary and can be mitigated by proper construc- 

t i o n  techniques. 

pipel ines  require  an easement up t o  6 m (20 f t )  wide and should be 

locate; along roads, trails, o r  transmission l ine rights-of-way t o  

minimize t h e i r  impact. 

network and w i l l  d i s rupt  2.5 t o  5.0 km2 (1 t o  2 sq miles) of >area 

surrounding each 100-MW plant ;  the  p o s s i b i l i t i e s  of erosion and land 

use impact are therefore  extensive. Ef for t s  t o  s t a b i l i z e  erosion and 

dust  p a r t i c l e s  w i l l  be necessary. To monitor po ten t i a l  b r ine  leakage 

and minimize land and water contamination, pipes w i l l  be elevated two 

t o  several f e e t  above ground. 

camouflaged pipes w i l l  lessen v i sua l  and aes the t i c  impacts. 

ence of such f a c i l i t i e s  w i l l  probably restrict public access and recrea- 

t iona l  benef i t s  i n  scenic  and recrea t iona l  areas. Although some surface 

uses are disrupted, .grazing and agr icu l ture  may continue among the  

developed w e l l s  and pipelines.  

I n  associat ion with electrical production, surface 

The steam or  water lines w i l l  form a surface 

Landscaping, vegetation res tora t ion ,  and 

The pres- 

L' 

Most pipel ines  associated with nonelec t r ica l  appl icat ions w i l l  be buried 

t o  lessen maintenance requirements and visual and land use impacts. The 
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overa l l  network &y 

monitoring may be more- d i f f i c u l t  ; thus 

of br ine leakag 

reseeding the area a f t e r  i n s t a l l a t i o n  w i l l  minimize ultimate environ- 

mental e f f ec t s .  

more extensive than An e l e c t r i c a l  operations, and 

ere is  a greater  poss ib i l i t y  

Lociting the l i n e s  along- ex is t ing  rights-of-way and 

c 

corridors w i l l  result i n  the temporary loss of 

i l d l i f e  w i l l  'be displaced from the  corridor 

and' t h i s  'displacemen ill r e s u l t  i n  the death of 

Erosion should 'not be isms due t o  lo s s  of *habi ta t .  

a ser ious problem due t o  the f l a t  topography of the affected region. 

D u s t  production could block t h e  photosynthetic and respiratory surfaces  

of p lan ts  adjacent t o  the corridor.  
12, 

d/or use of herbi- 

cides.  Unless carefu l ly  used, herbicides can a f f e c t  nontarget organisms. 

f i l l i n g  . 
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Pipelines,may,be ruptured during storm o r  flood conditions t h a t  could 

cause the release of b r ine  before flow could be cu t  o f f .  This s i t u a t i o n  

could result i n  the  local ized lo s s  of terrestrial or  aquat ic  biota .  

4.2.2 S i t e  preparation and p lan t  construction 

The environmental e f f e c t s  of s i te  preparation and p lan t  construction 

w i l l  be similar t o  those of many other  i n d u s t r i a l  construction projects .  

S i t e  preparation w i l l  require  the  clearance of about 4 ha (10 acres) of 

land. Removal of vegetation, movement of ear th ,  dredging, construction 

of temporary roads and buildings,  w a s t e  disposal , -operat ion of construc- 

t i o n  vehicles ,  and other  construction a c t i v i t i e s  w i l l  a l s o  pose poten- 

t i a l  impacts. 

4.2.2.1 Physical e f f ec t s  

The po ten t i a l  impacts of constructing a geothermal power p lan t  include 

on, reductions i n  a i r  and w a t e r  qua l i ty ,  and changes i n  land use 

Air pol lut ion results from the  operation of engines, burning, and 

pa r t i cu la t e  production from surface disturbances. 

b i d i t y  of streams may increase due t o  erosion, and water qua l i ty  may be 

S i l t a t i o n  and tur- 

affected by accidental  s p i l l s  of lubr icants ,  gasoline,  o r  o ther  sub- 

s tances .  

movement o r  dredging, and s o l i d  wastes from grading and 

w i l l  require  proper disposal and s t ab i l i za t ion .  

be minimized by proper construction techniques. 

Changes i n  land forms and w a t e r  channels may result from ea r th  

A l l  these impacts can 
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During construction, land use w i l l  be-temporarily o r  permanently cate- 

gorized as 1 i n d w  t r ia l  development i 

r e s t r i c t e d  I n  the  immediate v i c in i ty ,o f  the site, although multiple land 

uses may be possible a f t e r  construction. It is l i k e l y  t h a t  plants  could 

be b u i l t  on ag r i cu l tu ra l  land i n  such a way tha t  the t o t a l  acreage l o s t  

Public use of the land w i l l  be 

would not be s ign i f icant  i n  most:casesr :If the plant  is  located near 

human habi ta t ion o r  an.area of scenic  or cv l tu ra l  s ignif icance,  the 

visual and auditory impacts during construction are l i k e l y  t o  be impor- 

t an t .  Their acceptabi l i ty  w i l l  depend on the  magnitude of the impacts 

relative t o  l o c a l  conditions. 
1 

- -  

.Large-scale c lear ing of-vegetat ion-during construction w i l l  result i n  

the  l o s s  of individual plants  and animals inhabiting the construction 

site. Noise and other human activities w i l l  result i n  displacement of 

animals from an addi t ional  area; the amount of displacement varies 

d i r e c t l y  with the density of the vegetation and inversely with the  s i z e  
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from the operation of engines w i l l  probably not produce a detectable  

biological  e f f ec t .  Disposal of l iqu id  construction wastes (e.g., o i l s ,  

concrete washings) could be a s igni f icant  source of water pol lut ion i f  

not properly controlled.  

These impacts w i l l  be controlled by site-specific.mitigation measures 

and proper planning and construction techniques. 

4.2.3 Transmission l i n e  construction 

The impact of transmission line construction w i l l  depend on l o c a l  

topography and vegetation. 

pipel ines  (Sect. 4.2.1), the  poten t ia l  environmental impact of trans- 

Though similar t o  the e f f e c t s  described f o r  

mission l i n e  construction may be more extensive because of more extensive 

rights-of-way, road construction, and frequent maintenance. 

4.2.3.1 Physical e f f e c t s  

The physical e f f ec t s  of transmission l i n e  construction w i l l  be similar 

t o  those described f o r  pipel ines  (Sect. 4.2.1.1). Where l i n e s  cross low 

na tura l  vegetation, s o i l  disturbance w i l l  result from construction of 

access roads and tower bases. Access roads generally w i l l  be the  major 

sources of s o i l  movement because of the need f o r  grading slopes and the 

ru t t i ng  caused by equipment t r a f f i c .  Access roads could a l s o  open new 

areas t o  recreat ional  t r a f f i c ,  thus creat ing new opportunities f o r  

tor ized recreat ion while increasing poten t ia l  erosion and pre  

vegetation and wi ld l i fe .  

i 

bi' 



Towers and cleared ' r 

aes t h e t i r a l l y  unkcdbp t 

d, construction and 

l y ,  the  l i n e s  and 

towers may a f f e c t  t 

i r r i g a t i o n  systems, and aerial appl icat ion of chemicals, but general ly ,  

Xihit' these' activl  i 

b b i  

The b io logica l  e f f e c t s  of transmission l i n e  constr  

described f o r  pipel ines  (Sect. 4.2.1.2). Where the vegetation is low 

enough t o  pose no th rea t  t o  the  l i n e s  (coastal  grasslands and agricul- 

t u r a l  lands) ,  the po ten t i a l  biological  impact is reduced by clearance 

nly the' acce 

of s u f f i c i e n t l y  

high voltage t o  produce s ign i f i can t  amounts of ozone, nitrogen oxides, 

o r  induced f i e l d s  o r  currents. Plant-to-grid transmission l i n e s  are 

ronmental e f f e c t s  of p lan t  operation. Impacts may r e s u l t  from geothermal 
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sposal,,,noncondensable,gases, noise, gnd cooling tower discharges. 

se e f f luen t s  can and water qua l i ty  and are described 

i n  Sect. 3.2.1.3. I f  uncontrolled, the  groundwater and surface hydro- 

l og ica l  regime, water cons<yp 

ac 

nd po ten t i a l  subsidence and seismic 
r ,  

I I t l  

i 
Operation of an electrica 

on land and water use; a i r  and water qua l i ty ;  w i ld l i f e ;  vegetation; and 

power plant  w i l l  present po ten t i a l  impacts . -  8 ,  

scenic, h i s t o r i c a l ,  and c u l t u r a l  features .  b l e  e mental 

impact w i l l  be dependent, i n  pa r t ,  on loca l  conditions and the  magnitude 

- I  2. 

4.2.4.1 Physical e f f e c t s  

e physical impacts of a geotherma lant may a f f e c t  land and water 

use a n d - a i r  and water qua l i ty ,  and they may.induce subsidence and/or 

f a u l t  a c t i v i t a t i o n .  

Land use during the production period would be changed from agr icu l ture ,  

grazing, t imber , - f i sh  and w i l d l i f e  hab i t a t ,  o r  recrea t ion  t o  i n d u s t r i a l  

operations. 

of land and an estimated 10 t o  12 producing w e l l s  i n  the  surrounding 

area.l 

4.4 km2 (1.7 sq miles) per 25-We plant .  

be impaired because of the  dominance of w e l l s ,  power p lan ts ,  pipel ines ,  

'cooling towers, steam plumes, and transmission l i n e s  i n  the  

A hypothetical 25-MWe plan t  would requi re  4 h a a ( 1 0  acres) 

The t o t a l  land disrupted would therefore  be a minimum of about 

Major scenic  elements would 

- 

LJ 
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demand already 

When desa l ina t ion  is  used, l oca l  water 
. ! - *  
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I n d u s t r i a l  operations and restrictea public access would fu r the r  l i m i t  

i i tor ical ;  and c u l t  1 uses .* , Agriculture, grazing, and 

be disrupted, 'but  could continue on a 

reduced compatible bas i s  

e, - 

During,plant operatiqn, withdrawal of geothermal f l u i d s  may cause t h e  

groundwater and surface hydrological regime t o  change and may influence 

water a v a i l a b i l i t y  i n  the  area. 

of water per 

Approximately 55,485 m3 (45 acre-f t )  

s l o s t  a t  The Geysers from cooling 

Of t e n ,  ' t h i s  r equ i r  by the  condensate from 

nd a l l  binary 'geothermal operations ; Iiowever, sople l o c a l  conditions 

ystems w i l l '  r equi re  the  use of f t e s h  w a t e r  f o r  cooling from l o c a l  sur- 

ter may be necessary f o r  re- 
i .  

i g n i f i c a n t  volumes of are released t o  t h e  atmosphere. 

h witgdfawal and poss l e  thczkmal i re of po ten t i a l  

Poten t ia l  impacts on,;Local a i r  and water qua l i ty  a l s o  e x i s t ,  depending 

on the  e f f luen t s  produced by the geothermal w e l l ,  These e f f luen t s  in- 

clude geothermal f l u i d ,  noncondensable gases, noise ,  and cooling system 

e chemical.composition of geothermal f l u i d s  varies with each w e l l  

(Table'3.l).' Brine d ischarges-a t  the  surface may cause s o i l  and water 

contamination and'iacreases -in stream tu rb id i ty  and sediment load. 
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During production, the t ransportat ion of l a rge  volumes of hot s a l i n e  

f lu ids  w i l l  be necessary. 

channels may be used. When f l u i d s . a r e  re in jec ted ,  p ipe l ines  from the  

plant  t o  the  disposal  s i te  w i l l  create r e l a t ive ly  s m a l l  environmental 

Pipel ines ,  open canals ,  or, n a t u r a l  water 

, 
e f fec t s .  

land w i l l  r equi re ' t echnica l  as w e l l  as l e g a l  evaluation on a site- 

spec i f i c  basis .  

The release of spent geothermal f l u i d s  t o  surface waters o r  

Transport of f l u i d s  in  canals o r  na tu ra l  channels may be used i f  t he  

geothermal waters are disposed of of 

es tuar ies .  However, the  p o s s i b i l i t y  of e f f luen t  release is  higher f o r  

open channel flow than f o r  closed conduits. 

hore o r  i n  bays, lagoons, I _  or  

Systems of b a f f l e s  o r  other  

mechanisms t h a t  increase turbulence and mixing w i l l  be necessary t o  pro- 

mote cooling of the  hot f lu ids .  In  addi t ion,  any open channels, temporary 

s torage p i t s ,  o r  p i t s  t o  r e t a i n  accidental  s p i l l s  w i l l  r equi re  l i n i n g  t o  
LJ 

seal them off from the  surface alluvium i n  aquifer, .recharge areas. I f  

evaporation ponds are used, t h e  leaching of improperly discarded salts  

could alter s o i l  and groundwater conditions. 

a l s o  be contaminated during the  withdrawal and r e in j ec t ion  of f lu ids  i f  

Groundwater sources may 

i so l a t ion  is not maintained by properly cemented production and inject ion-  

w e l l  casing (Sect. 4.3). 

A i r  qua l i t y  during production may be a f fec ted  by the  escape of noncon- 

densable gases associated with geothermal steam: carbon dioxide, carbon 

monoxide, hydrogen su l f ide ,  methane, ni t rogen,  and ammonia. Constituent 

composition and concentration w i l l  vary with each w e l l ;  therefore ,  inde- 

pendent analyses may be required t o  determine which substances are 
i 
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present and how many exist ' a t ~ p o t e n t i a l l y  toxic  or  nuisance levels 

(Sect. *S). 

W 
Methane, hydrogen su l f ide ,  ammonia, and carbon dioxide are 

' of primary concern. However, current compositional analyses of the  

gaseob  ef f luents  in geopressured reservoirs  are 'incomplete 

s tud ies  may y ie ld  other  gases whose concentrat ions*wil l  pose environ- 

afiity; o r  health 'hazards 

U 

W 

Methane is c lear ly  the most abundant noncondensable gas within the geo- 

pressured f luids . '  'It is estimated tha t  these waters w i l l  y ie ld  an 

average' of 40 fk3 of na tdra l  gas per ba r re l  of water. 

presence i n  such ' large volumes, the'methane most l i k e l y  w i l l  be i so l a t ed  

Because of its 

.'and s tored f o r  ft i ture use. 1 Methane is l i g h t e r  than air and generally 

w i l l  not- co l l ec t  l oca l iy  except during stagnant air conditions. 

t ua l ly ,  methane w i l l  oxidize i n ' t h e  upper atmosphere:'Wen not  s tored ,  

methane and i ts  contaminants (e.g., hydrogen su l f ide)  probably w i l l  be 

burned of f ;  major products of the  :oxidation are carbon dioxide and water 

from the  methane- ahd, sul€ur  dioxide and su l fu r  ' t r iox ide  from t h e  hydrogen 

Even- 

hydrogen su l f ide  i s  considered a hea l thxnd  s a f e t y  hazard at Aevels' 

greater  than 20 ppm (0.002 vol  %) and a nuisance a t  levels as low as 

0.025 ppm.2 

w e l l  and should be e s t i k t e d  bn"a  case-by-case basis..*When vented , to  

the  air o r  burned o f f - w i t h  the methane 

The d i lu ted  ambient: air: eoncentration w i l l  vary.with.  each 

the gas is readi ly  oxidized t o  
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su l fu r  dioxide and su l fu r  t r ioxide.  

soluble i n  water and form a la rge  number of d i f f e ren t  acids ,  including 

botli s u l f u r i c  w d  sulfurous acid. 

Al l  three compounds are readi ly  

Most of the  gas and its products w i l l  

be-dfspersed.by adequate ventilation and ult imately w i l l . b e  washed out 

by -rain,  forging potent ia l ly  corrosive raindrops. 

su l f ide  is s l i g h t l y  heavier than air and w i l l  accumulate.to nuisance and 

toxic  leve ls  during stagnant air  and air  inversion conditions. 

However, hydrogen 

I I. 

- \  

Ammonia may a l so  be present. 

is regarded as toxic  a t  levels of .50 ppm (0,005 vol  %) .2 

It is characterized by a pungent odor and 

Ammonia is 

igh te r  than a i r - and  w i l l  not co l l ec t  loca l ly ,  although it may have 

some impact during air inversion conditions. 

ammonia w i l l  form ammonium hydroxide, which, ylt imately returning t o  

ea r th  as r a i n f a l l ,  acts as natura l  f e r t i l i z e r .  

Readily soluble  i n  water, 

t 

Carbon dioxide is  a major const i tuent  (by volume) of the  noncondensable 

geothermal gases and is  considered toxic  a t  a level of 5000 ppm (0 .5  

vol  X )  .2 

as a by-product of oxidized methane. 

Additional quant i t ies  may a l so  be released t o  the atmosphere 

Although adequate vent i la t ion  w i l l  

‘ l e s s e n  any major l o c a l  impacts from carbon dioxide, the gas is of  greater 

density than air and w i l l  co l l ec t  i n  terrain depressions during stagnant 

air  o r  air  inversion conditions. 

r -  

Noise levels may vary during,production,-depending on the  number and 

type of operations being conducted. 

of noise  w i l l  be produced during d r i l l i n g  operations. 

Unless checked, the grea tes t  levels 

Other major 
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bd fac tors  include the noise-from w e l l  ventingiopCrations [up t o  100 dB(A) 

chanical-draft wet-cooling towers'[up t o  60 dB(A) at 300 m], 

as discussed later i n ;  t h i s  sect ion,  and overal l -  e l e c t r i c a l  generation 

operationif! 

intensities exceeding ' iuisanee o r  pain threshold l eve l s  (Table 4 il) if 

hcon t ro l l ed ;  

These fac tors -  are addi t ive and could create high noise  

I n  addi t ion t o  land and water use and ef f luent  impact, other  e f f e c t s  

develop as operations extend over several  years 

and new w e l l s  w i l l ' b e  d r i l l e d ,  tes ted 

po ten t i a l  environmental impacts of .  these activities w i l l  be similar t o  

those previously di6cussed i n  Sects. 4.1.2 'and 4.2.2. 

Wells w i l l  be abandoned 

d prepared for  production. The 

Subsidence 

Production of geopressured water i n  Tert iary Gulf Coast sediments has 

t h i r d  method considers leakage from confining shale  strata. 
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The f i r s t  method est imates .potent ia l  compaction of geopressured mud- 

I stone by multiplying the cumulative mudstone-thickness by the  long-term 

(ultimate) decrease in--porosity.  

pressure-overburden r a t i o s  are -known, the ult imate change i n  porosity 

Table 4.2 t a b d a t e s  the expected c o w  

paction a t  various pressure declines f o r  three w e l l s  i n  the Armstrong 

f i e l d  and a geopressured fairway of the south Texas Gulf Coastal plain.  

I f  the  i n i t i a l  and f i n a l  f luid-  

+gau-be obtained from Fig. 4.1. 

The second-method uses the concept of spec i f i c  storage,  which calculates 

po ten t i a l  compaction as the product of pressure decline and a constant 

of proport ional i ty ,  Application of t h i s  method leads t o  compaction 

estimates t h a t  are about 400% greater  than those of the first method. 

It should be emphasized tha t  compaction estimates w i l l  increase f o r  

greater  mudstone thickness and pressure decline. 

In  the th i rd  method, Papadopulos et  a1.,6 using Hantush's "leaky aquifer  

t h e ~ r y , " ~  estimated subsidence i n  an ideal ized conceptual reservoir .  

Subsidence is calculated by determining the compaction of the enclosing 

shales. A n  ideal ized reservoir  is  described i n  Table 4.3. It consis ts  

of a thick sand aquifer  enclosed by upper and lower confining sha le '  

uni ts .  

the  sand aquifer  would be a fac tor ,  they were not  considered i n  

Although i t  was  acknowledged t h a t  interbedded mudstones within 

Papadopulos' estimate, which w a s  considered crude. The time required 

f o r  subsidence of the enclosing shales  was  about lo5  years. Predicted 

subsidence f o r  the idealized reservoir  ranged between 1 and 7 m f o r  w e l l  
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Table 4.2. Potential reservoir compaction in Armstrong field 
-- 

Compaction (Am) 

2 5 
Net mudstones 

(m) Porosity change (%) 1 
Pressure decline (psi) 100 500 lo00 

Armstrong 5 70 0.7 1.4 3.5 
Armstrong 7 113 1.1 2.2 5.7 

' Armstrong 22 146 1.5 3.0 7.3 

Well No. 

- -  

I Source: C. W. Kreitler and T. C. Gustavson, "Geothermal Resources of the Texas Gulf Coast - 
Environmental Concerns arising from the Production and Disposal of Geothermal Waters," in 
Proceedings of Second Geopressured Geothermal Energy Conference, vol. 5, Center for Energy 
Studies, The University of Texas at Austin, 1976. 

I 

Table 4.3. Potential land subsidence over Armstrong field 

Subsidence (Am) 
, Net mudstones 

Pressure decline (psi) 

100 500 1000 
- 

Well No. 
(m) 

Armstrong 5 70 0.3 0.5 1.3 
Armstrong 7 113 0.4 0.8 2.1 
Armstrong 22 146 0.6 1.1 2.7 

Source: C. W. Kreitler and T. C. Gustavson, "Geothermal Resources of the 
Texas Gulf Coast - Environmental Concerns Arising from the haduction and 
Disposal of Geothermal Waters," in Proceedings of Second 'Geopressured 
Geothermal Energy Conference, vol. 5, Center for Energy Studies, The 
University of Texas a t  Austin, 1976. 
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spacings of 6 to 3 km respectively. 

indeed. 

pressured fairway using very wide well spacings, whereas Kreitler and 

Gustavson's compaction estimates3 for the Armstrong field were for 

localizedaareas surrounding conventionally spaced-wells. 

These.wel1 spacings are very wide 

Papadopulos' .estimates are fox subsidence of an entire geo- 

Kreitler and Gustavson believe that compactional strain cannot be 

directly translated .into 'land subsidence at the surface. 

Fino1 .and Farouq Ali9 -have shown that -for equal, amounts of reservoir 

compaction, land subsidence will diminish as the reservoir's lateral 

dimension decreases and its depth increases. , Table 4.3 gives the sub- 

sidence estimates .for the eorresponding*compaction estimates of Table 

4.2, 

reservoir are very large ;in relation.to depth, compaction can be trans- 

Geertsma* and 

Because the lateral dimensionsrof Papadopulos' idealized conceptual 

Ld 
ated more or less directly into land subsidence. 

' .  I HerrinlO describes a+fourth method for estimating compaction. He I 

assumes that the major portion of compaction is caused by the compressi- 

bility of,the sand aquifer. 

of a,generating,plant,,the wellhead pressure will decline by 4375 psi 

for a 2640-ft-thick sand~aquifer 

the'total compaction,is caused by..lateral pressures. 

Herrin estimates subsidence to be 3.6 m (11 ft). 

:Ne estimates that, .during the 20-year life 

Herrin assumes that ~o-thirds of 

Using this method, 
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The above discussion suggests t h a t  methods fo r  estimating compaction 

are still a matter of debate and tha t  a thorough compaction analysis  

should include elements of .each approach. 

The time frame fo r  compaction should a l so  be considered. Because t h e  

drainage path is  very long and the permeability is  very low, geologic 

time w i l l  be required fo r  compaction of the enclosing shales  t o  rrin its 

ourse. The permeability of interbedded mudstones is a l s o  low, but  

the drainage path is  shor t ;  hence, compaction of-mudstones-may be essen- 

t i a l l y  complete i n  a few decades. 

aquifer  takes place rapidly because of the  high permeability. The above 

analysis  contains uncertaint ies  because l i t t l e  is known about the  e f f e c t  

of exsolution of methane, osmotic pressure, and other  molecular forces 

on the flow of f lu ids  through fine-grained materials.ll 

Gray12 reviewed rock mechanics theories  f o r  predicting subsidence. This 

approach assumes elastic behavior and a continuous region of subsidence. 

F ina l ly ,  compression of the  sand 

Thompson and 

Gulf Coast sediments, however, do not behave e l a s t i c a l l y ,  and geopressured 

reservoirs  are l i k e l y  t o  be terminated by growth f au l t s .  

mechanics might be a viable  approach, s o i l  mechanics seems t o  be more 

appropriate because i t  assumes p l a s t i c  behavior of the  substrata .  

and Isokrari13 describe the  t i m e  dependency of reservoir  performance; 

t h e i r  methods could be used t o  predlct  subsidence as a function of time. 

While rock 

Knapp 

According t o  Christian,  l4 predictions of subsidence have been much 

smaller than the actual amount tha t  subsequently occurred. H e  cites 

Ld 
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the L e g  Beach, California, o i l  f i e l d  as an example. 

problems i n  sett lement prediction t o  (1) . d i f f i c u l t i e s  i n  obtaining un- 

disturbed samples, (2) insuf f ic ien t  knowledge of the d e t a i l s  of strati- 

f i ca t ion ,  .(3), uncertain f l u i d  pressure measurements, and (4) uncertain 

e s t ima tesa f  silt  compressibility. 

Christian a t t r i b u t e s  

i * .  

There.:sppears to be uncertainty concerning the  amount of pressure de- 

c l i n e  $0 be expected during the l i f e  of an electric generating plant.  

Herrinl an t ic ipa tes  a decline from geostat ic  t o  hydrostat ic  pressure 

(5000 p s i  o r  greater) .  

not  estimated compaction for -pressure  decl ines  greater  than 1000 ps i .  

On the other hand, Kreitler and Gustavsoe3 have 

- ,There does seem t o  be a tacit assumption t h a t  

(3.5X-has been suggested by Herrin) of the  t o t a l  reservoir  water w i l l  

,ever be .used; fhat I s ;  reservoir  pressur 

s ta t ic  pressure. 

Dorfman and Kehle4 believe, that, i f  abnorpally pressured reservoi rs  are 

produced by depletion-rather, than cycling,. they are economical only if 

water produced erived Srom dewatering 

stones and i n t e r s t i t i a l  c l  

subs tan t ia l  subsidence. 

Pasadena sec t ion  of Houston, Texas,l5 

An example is the  shale  dewatering i n  t he  

Subsidence exceeds 2 m (6  f t )  

-.-and exposes h e a a t u r a l l y  low-lying-area t o  extensive 

Pasadena-experience is not analogous t o  

production ,was f rem- a .  shallow groundwater agGf  e 

e geopressure case because 

evertheless,  i t  is 
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a vivid example of the damage tha t  can result from subsidence of 

populated areas within the Gulf Coastal plain.  

According t o  Kreitler and Gustavson, 

Chocolate Bayou f i e l d ,  south of Houston,' caused a- 30-cm *subsidence be- 

tween 1942 and 1973. Production took place between -2438 and -3962 m. 

o i l  and gas production from -the 

Much of the subsidence occurred dur'ing a period of &ximum gas produc- 

4.2). The gas w a s  produced from a geopressured zone; data  

f o r  pressure decl ine were not given. 

The effect of 'subsidence probably cannot be mitigated. Evidently, no 

at tempt  t o  da in ta in  reservoir  pressure and mit igate  subsidence by rein- 

j ec t ion  is under ser ious consideration. Presumably, re in jec t ion  i n t o  

the geopressured reservoir  against  high wellhead pressure (5000 p s i  o r  

more) is considered impractical, i f  not self-defeating, i n  the recovery 
r 

of geopressured energy. 

sured aquifer  may be f e a s i b l e ' f o r  disposal of waste f l u i d  but i t  has 

doubtful merit as a subsidence mit igat ion measure. 

necessary t o  l i m i t  geothermal development t o  marshy regions, but even 

there  the aquatic ecosystems are l i k e l y  t o  be severely a l t e r ed  if sub- 

s idence occurs. 

Reinjection i n t o  a shallower, normally pres- 

Perhaps it w i l l  be 

To summarize the above discussion, there  is general agreement tliat sub- 

sidence can occur, but r e l i a b l e  estimates fo r  subsidence have not  y e t  

been developed. Also, there  are no known mitigating measures. 'Addi- 

li 

t i ona l  research on t h i s  subject  is required. 



"4-33 

ES- 2991 

* .  

t c: 

c 
0) 

' 0 )  

0 - 400 
n I "  a 
.- 
0 

. j 9 4 2 - ( 9 5 0  1, ,1950-1959 I 59-.631 I 4963-773 
0.02 ft/year I 0.06 ft/yeor 10.42ft/yq 0.07ft year 

' I  4 3000 c. OIL PRODUCTION 

t 

Fig. 4.2. Co S 

production from Chocolate Bayou o i l  f i e l d  between the years 1942 and 
1973. 
Source: C .  W. Kreitler and T.  C .  Gustavson, "Geothe sources of 
the Texas G u l f  Coast- Environmental Concerns Arising the Produc 
tion and Disposal of Geothermal Wateds," Proc. 2nd Geopressured GeothermaZ 

Production rates of o i l  and gas from Texas Railroad Commission. 
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Faul t  ac t iva t ion  

There are numerous growth f a u l t s  i n  the Tert iary and Quaternary sedi- 

ments of the Gulf Coast, of which extend t o  the  surface.  Their 

na tura l  r a t e - o f  movement-Is so slow, however, t ha t  erosion and sedi- 

mentation destroy any f a u l t  scarps tha t  might otherwise form a t  the 

surf ace. Kreitler has mapped t h e i r  surf  icial  expression through 

subt le  geomorphic features (Fig. 4.3). 

* 

< .  

I .  

Many geopressured reservoirs  are terminated by growth f a u l t s  (Sect. 2.1), 
t 

fwhich can be reactivated by coipaction. These f a u l t s  are always down 

t o  the coast,  and a l l  movement takes place on the downthrown side.-  If 

geopressured water is produced within the downthrown block, the result- 

ng compaction w i l l  be t rans la ted  t o  the surface b y < f a u l t  react ivat ion.  

Because no motion occurs i n  the  upthrown block, react ivat ion w i l l  

accelerate d i f f e r e n t i a l  sett lement between the  blocks. This could 

rupture pipel ines  and w e l l  casings o r  damage building foundations, 

canals, and other cu l tu ra l  features  of populated areas, Figure 4.4 

i l l u s t r a t e s  fault-controlled land subsidence f o r  the Saxet O i l  and Gas 

f i e l d  (near Corpus Chr is t i ,  Texas) and the Chocolate Bayou f i e l d  

- 

mentioned i n  Sect. 4.2.4.1. 

Reinjection problems 

Reinjection w i l l  be consid 

disposal.  The pr inc ipa l  investigators3’ propose t o  r e i n j e c t  waste 

d primarily f o r  the pur 

f lu ids  i n t o  shallow sa l ine  aquifers.  
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HOUSTON W E S T O N  

F i g .  4 . 3 .  Coincidence ive surface faults with surface traces 
of extrapolated subsurface faults,  Houston-Galveston area. 
of Chocolate Bayou o i l  and gas f i e l d .  C .  W. Kreitler and 
T,  C .  Gustavson, "Geothermal Resources of the Texas Gulf Coast - 
Environmental Concerns Arising from the Production and Disposal of 

Note location 
Source: 

b 
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Fig. 4.4. Fault-controlled land subsidence f o r  t he  Saxet and 
Chocolate Bayou O i l  and Gas f i e lds .  
o i l  and gas f i e l d ,  Corpus Chr i s t i ,  Texas. 
of t h e  f i e l d .  
2176). (b) Land subsidence over Chocolate Bayou o i l  and gas f i e l d .  
Note coincidence of d i f f e r e n t i a l  subsidence with l i nea t ion  and sur face  
trace of extrapolated subsurface f a u l t  (see f o r  f i e l d  locat ion) .  Source: 
C. W. Kreitler and T. C. Gustavson, "Geothermal Resources of the Texas 
Gulf Coast-  Environmental Concerns Arising from the Production and 
Disposal of Geothermal Waters," Proc. 2nd Geopressured GeothermaZ Energy 
Conference. Votwne V. LegaZ, InstitutionaZ and EnvironmentaZ, 
University of Texas, Austin, Feb. 23-25, 1976. 

( a )  Land subsidence over Saxet 
Benchmark 589 over t h e  center 

Note f a u l t  control  of subsldence (between B. M. W585 and 
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Q 

ks 

Aquifers deeper than 1000 m (3000 f t )  but above t h e  geopressured zone 

are considered t o  be the bes t  avai lable  areas f o r  re in jec t ion  because 

of t h e i r  presumed high sa l in i ty .  

are ava i lab le  a t  intermediate depths.4’1.1 Furthermore, SchmidtlO states 

t h a t  geopressured waters of the Manchester f i e l d ,  Louisiana, are 

moderately s a l i n e  (16,000 t o  26,000 mg/li ter TDS), but  are less s a l i n e  

than overlying normally pressured water (600 t o  180,000 mg/l i ter  TDS) . 
HerrinlO reports  low s a l i n i t y  (2000 t o  6000 ppm) i n  the  geopressured 

zones of south Texas  but  about 20,000 ppm (less than normal s‘eawater) 

near Corpus Chr is t i .  Dotfman and Kehle4 maintain tha t  diagenetic 

A number of highly s a l i n e  sand bodies 

6 changes of montmorillonite t o  i l l i t e  at  temperatures above -12O0C 

release. f rebhwater from -enclosing sha les  ,’ which decreases the s a l i n i t y  

of the geopressured sand a q d f e r s  .-< Magaral a t t r i b u t e s  t h i s  freshening 

t o  i o n  f i l t r a t i o n  by clay .m€nerals as the water (released from mont- . 

morillonite) passes through %he sha le  

*. : I 

Kreitler and Gustavso 

moderate s a l i n i t y  w i l l  p reva i l  i n  a l l  geopressured zones. 

out  that-contamination from nearby salt  domes might produce a highly 

re numerous east 

On the  other hand,no salt domes have been found 

ion against  ‘ the assumption tha t  ,low t o  

They point 

a l i n e  aqui fe r .  . Halboutyp0 . s t a t e s  t h a t  sa l t  domes 

of Houston, Texas. 

w e s t  and south of Corpus Chris t i , -except  near‘the Rio Grande River. 

A commercially viable  gbnerating f a c i l i t y  w i l l  require  between f i v e  and 

ten w e l l s ,  each producing 34,000 bbl/day , which . m u s t  be disposed of. 
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I n  theory, re in jec t ion  would seem t o  be the  most environmentally accept- 

ab le  means of disposal.  

inmediate surroundings of the geothermal p lan t ,  

such as .disposal i n  estuaries, coas ta l  bays, lagoons, and open sea, 

require  pipel ines  and canals which extend the a f fec ted  area (Sect. 

4.3.5). Furthermore, these areas might be unacceptable s i t e s . f o r  dis-  

posa lbecause  of t he  high temperature and s a l i n i t y  of the waste f lu ids .  

The f l u i d s  would have an impact only on the  

Other a l t e rna t ives ,  

Reinjection w i l l  require  extensive exploration of the  disposal  aquifer  

t o  determine f e a s i b i l i t y .  

15 x lo6 bb l  of s a l i n e  oi l - f ie ld  waters were disposed of by r e in j ec t ion  

i n  Matagorda County, Texas, during 1961. 

month's production of geopressured f l u i d  f o r  a s ing le  electrical generat- 

ing  site. 

(1480 t o  7100 f t ) ,  with in j ec t ion  pressures ranging from 0 to 1000 ps i .  

Only two of these w e l l s  had high disposal  rates: 

800 p s i  and (2) 10,000 bbl/day a t  300 ps i .  

require  high-surface pressures t o  dispose of r e l a t i v e l y  small volumes 

of water. 

highest  reported disposal  rate, 20 t o  40 disposal  w e l l s  would be required 

per generating site. 

Field-Salt Water Disposal f a c i l i t y  reinjects 540,000 bbl/day (6000 

bbl/well) .  

A s ing le  100-MW plant  producing between 200,000 and 400,000 bbl/day 

would require  between 35 and 70 disposal  w e l l s .  

According t o  Kreitler and Gustavson, 

This is equivalent t o  one 

In jec t ion  depths f o r  43 w e l l s  ranged from 450 t o  2165 m 

(1) 6000 bbl/day a t  

Many r e in j ec t ion  w e l l s  

One w e l l  required 800 p s i  t o  dispose of 150 bbl/day. A t  t he  

According t o  Dorfman and Kehle,4 the  East Texas 

This f a c i l i t y  serves the  l a rges t  gas f i e l d  i n  North America. 

li 

L 
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In an article e n t i t l e d  "Brine Disposal," an anonymous author s t a t e d  

t h a t  two d r i l l i n g  and service organizations bel ieve tha t  a re in jec t ion  

rate between 20,000 and 35,000 bbl per  day per w e l l  is technical ly  

.feasible.  There was  no indicat ion as t o  how t h i s  could be done. The 

author implied t h a t  o i l  companies have never developed the capabfl i ty  

because there  has been no apparent need f o r  such high re in jec t ion  

rates.21 

full-scale production may result i n  surface s p i l l s  o r  plant  shutdown. 

I n  any event, i f  the disposal reservoir  is not  w e l l  explored, 

Furthermore, sca l ing  of re in jec t ion  w e l l s  and plugging of aquifers  is 

l i k e l y  t o  develop as a function of t i m e .  

are the pr inc ipa l  scal ing agents in geothermal fluids.22 

S i l i c a ,  calcite, and anhydrite 

Exsolution of 

carbon dioxide gas a t  reduced pressure and mixing with more alkaline 

waters w i l l  decrease the  s o l u b i l i t y  of calcite. ' 

It might be f eas ib l e  t o  _mitigate disposal problems by d e ~ a l i n a t i o n . ~  

Desalination has been proposed f o r  the  south Texas  Gulf Coast p la in  

where a genuine need exists.23 

water w i l l  not be competitively priced i n  the  near future.  

Carlson et al.23 believe tha t  desalinated 

4.2.4.2 Biological e f f e c t s  

ef f t i o n  are d i r e c t  products of 

the e f f e c t s  on air ,  s o i l ,  and water qua l i  scribed i n  Sect. 4.2.4.1 

and the  lo s s  of hab i t a t  described i n  Sect. 4.2.2.2. Habitat l o s s  w i l l  
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be somewhat less than tha t  during the construction period because of the 

reestablishment,of vegetation and the reduction of human ac t iv i ty .  

The e f f ec t s  of the  use and disposal  of geopressured f l u i d s  depend on the 

content of the f lu ids  and methods of handling. Analyses of actual geo- 

pressured resource f lu ids  are unavailable, but analyses of water from 

within the geopressured zone ind ica te  a wide range of chemical composi- 

tLon. The concentrations presented i n  Table 3.1 are typica l  b u t  incom- 

p l e t e  and therefore do not represent e i t h e r  an average or  an extreme 

case. 

(8000 t o  72,000 ppm TDS).3 

tr ical  logs as indications t h a t  geopressured reservoi rs  w i l l  y i e ld  

S a l i n i t i e s  are generally believed t o  range from moderate t o  high 

However, Dorfman and -le4 i n t e r p r e t  elec- 

r e l a t ive ly  f resh  water (TDS 5000 ppm), which could be used f o r  irri- 

gation a f t e r  minor desalination. 

As described i n  Sect. 4.1.2, geopressured f l u i d s  may be disposed of i n  

na tura l  water bodies, by evaporation, or  by re in jec t ion .  Construction 

of evaporation ponds would require destruct ion of a poten t ia l ly  la rge  

area of vegetation. Such ponds would support only the  most salt- and 

heat-tolerant planktonic species and, because of leaks and possible 

inundation during storms and floods, may contaminate surface and 

groundwater. 

the Texas  Water Quality Board.3 

The use of permanent evaporation ponds i s  now barred by 

Disposal i n to  na tura l  water bodies is potent ia l ly  feasible .  Problems 

L; 

of sa l ine  tox ic i ty  could be overcome by diffusing the wastewater i n t o  a 
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ti i o t a  of these waters is adapted t o  wide 

s -in sa l in i ty . '  Unless "wastewaters are cooled before 

o surface waters i s ' l i k e l y  t o  v i o l a t e  

Section 316 of t h  

l a t ed  state regulations.  

ter Pollution Control 'Act  of 1972 "and re- 

The ocean and la rge  bays may provide heat  

s'of adds dvent damage t o  b io ta ,  but  i n  some areas of 

urface temperatures cif oastal!  waters may 

ximum 'ambient temperatures'. 5 wastewater 

can be car r ied  t o  the disposal site i n  pipes, d i tches , 'o r  na tu ra l  

channels. Pipes can be l a i d  on the ground surface,  buried, o r  sunk i n  

dbajor e f fec t s  should occur due ' to  the operation 

. or  break okcurs U n t i l  the  leak is dis- 

covered and the p l a n t 4 h t  do& e -hot s a l i n e  water could k i l l  vegeta- 

t i o n  and aquatic organisms. Saline water would leak through the  banks 

eli wiitewat a n W s  , "and t h e  channels wodld 'eventually "become 

els would 'prbbably not  

reduce both toxic  e f f e c t s  

and the po ten t i a l  f o r  subsidence. 

the. d r i l l i n g  of 

l og ica l  effects should r e s u l t  from rout ine operation 

Although t h i s  method would require  

'B e-df  ~e-atisence o f  -air-r&slXaining terrain features  and the  . . 

general - i n s t a b i l i t y '  of '&&tal '& t u r a l  gas L releases should ,not be 
W 
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erious.  Because methane is combustible _ _  as well 9s- toxic  and w i l l  prob- 

ably-be collected* a t . t h e  p l a n t - s i t e ,  it poses a potent ia l  heal th  hazard 

t o  workers. Precautions similar t o  those-undertaken a t  na tura l -gas  

production sites w i l l  -be - in s t i t u t ed  ,',as ,required. 

- 7  

The continuous noise assoc ia t  

have a s ign i f i can t . e f f ec t  on wi ld l i f e .  

a c t i v i t y  w i l l  have more,effect than the noise  levelzLn i preventing use of 

with ,an operating plant  w i l l  not * l i k e l y  

level ,of hymn 

the plant  area by wi ld l i fe .  

_ r  

The biological  e f f ec t s  of condenser cooling w i l 1 , r e s u l t  from salt  d r i f t ,  

fogging, blowdown disposal from towers and ponds, and impingement, en- 

trainment, and heating from once-through cooling. 

D r i f t  of salts frometowers and spray ponds may a f f e c t - s e n s i t i v e  plants  

i n  a , loca l ized ,a rea  around t h e  tower. 

and the  area affected w i l l  depend on the s i z e  of the generating f a c i l i t y .  

Agricultural  crops w i l l  be of primary concern, pa r t i cu la r ly  where irri- 

gation has resul ted i n  sa l ina t ion  of s o i l s .  

coas ta l .vege ta t ions .a re  adapted t o  high levels of airborne salt. 

The amount of d r i f t  deposition 

S a l t  marshes and other 

Release of water vapor from towers and ponds is  unlikely t o  have sig- 

n i f i can t  biological  e f fec ts .  

If blowdawn is not  re injected,  i t  must e i t h e r  be evaporated i n  holding 

ponds,-which would result i n  sa l ina t ion  of s q i l ,  o r  released t o  -natural  
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kd water bodies I n  .addition to,concenrrated minerals, blowdown can contain 

biocides and chemicals- t o  'controlseorrosion, <scal ing,  and hydrogen sul-  

f ide.  

controlled. 

This water is poten t ia l ly  toxic ,  and i ts  release must be carefu l ly  

f 

f ug 

because the  

e most damaging 

W 

t o  aquat ic  systems, and the  requirements of Sect. 316a and b of t h e  

is 'a -possible 

r e s u l t  of geopressured resource development.> Subsidence coufd e a s i l y  

r e s u l t  in t he  conversion of coas ta l  marshlands t o  permanently aquat ic  

systems& * Loss of marshland decreases habftatcavailable .for the  many 

i l d l i f e  species  t h a t  inliabit  .it @ect. 7224)- 'Marshlands are a l s o  an 

ecoriodc resource:as f i s h  breeding groundst sources of nut r ien t  

pu t - torcoas ta l  ecosystemi, and*d i rec t ly  as shrimp-fisheries and o ther  

,commercial and spor t  ;industries*.: This ' loss  would mot be e n t i r e l y  re- 

placed by subsidence bf n@w land  t o  the  level of t i d a l  inundation because 
. .  
J of the;use of ;dikes a1ong;the upper edge-of marshes.- It is possible, but 
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less l i k e l y ,  t h a t  subsidence would a f f e c t  o ther  vegetations (e.g., 

' ' r i pa r i an  fo re s t s )  due t o  changes in water, leve l .  

, *  

4.2.5 Nonelectrical appl icat ions - "  . 

Nonelectrical u 1 energy include r e s i d e n t i a l  and commercial 
L , I  

, agr i cu l tu ra l  uses,  i n d u s t r i  

t he  p ipe l ine  d i s  
8 L 1  _ f  

r e s u l t s  of d r i l l i n g  

have been considered i n  p ious sect ions.  Renovation of ex i s t ing  u t i l i -  

zat ion systems f o r  nonelect 

u t i l i z a t i o n  systems designed f o r  nonelec t r ica l  applications w i l  

geothermal energy o r  construction of new 

The geothermal reservoi r  must be located near t he  resource user t o  use 

geothermal energy economi electrical purposes. As geo- 

pressured reservoi rs  su i t ab le  f o r  nonelec t r ica l  applications a 

f ied ,  i n d u s t r i a l ,  commercial, and r e s iden t i a l  developments w i l l  be 

constructed i n  the  v i c i n i t y  of the  geothermal f i e l d s .  

reservoi rs  are not now located near developed areas. 

Some of these 

Environmental impacts of f l u i d  ex t rac t ion  and d i s t r i b u t i o n  f o r  nonelec- 

trical geothermal applications are es sen t i a l ly  synonymous with those f o r  

electrical appl icat ions,  with the except ion- tha t  p ipe l ine  systems would 

l i k e l y  be much longer with increased complexity f o r  f l u i d  d i s t r ibu t ion .  

However, t he  extent  of the e f f e c t  w i l l  depend on loca t ion  conditions, 

the nature of the  use, and the  methods employed. 

production may s t imula te  secondary indus t r i a l ,  commercial., and r e s i d e n t i a l  

development; the  e f f e c t s  of t h i s  growth w i l l  depend on l o c a l  fac tors .  

~ 

Nonelectrical energy 

i 
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impact created by developed sites of geopressured 

geothermal -production 

i n  these regidns 'bay increase the  impact on land, air, and water qua l i ty  

i n d u s t r i a l  o r  ag r i cu l tu ra l  complexes constructed 

* "  

electrical production (Sect. 4.2.4.1), but generally they create less 

cy 

seismicity.  

g rea te r  po ten t i a l  fo r  leakage of br ines ,  

subsurface, thus minimizing aes the t i c  imp at0 be 

Piping w i l l  be more extensive and therefore  may create a 

Much of t h e  piping w i l l  be  

- .  
sa*%y' t o  remove dissolved gases p r i o r  t o  t ransportat ion 

thermal f l u i d  ill a l s o  'contribute t o  noise  and a e s t h e t i c  impacts 

Because current  technology has l i t t le 

g-distance piping of hot water, possible  sa fe ty  

hazards' may exist when high-temperature water is  pumped under pressure 

over l a rge  areas. 
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A wide range of po ten t ia l  nonelectr ical  uses is  possible (Sect. 3.2.2.1). 

The mos t  common uses now and i n  the immediate,future a r e s p a c e  heating 

fo r  homes and commercial s t ruc tures  and heat and water sources f o r  

greenhouses. 

can be car r ied  by buried pipelines.  In urban areas, these pipel ines  can 

follow exis t ing  u t i l i t y  rights-of-way and avoid s ign i f i can t  physical and 

Both uses employ r e l a t ive ly  low-temperature f l u i d s  which 

acts. G a s  leaks from p i  could result i n  reduced air  

er nonelectr ical  uses of hydrother clude aquacultu 

desalination, i ndus t r i a l  heat,  and warming feedlots  and other  animal 

cu l ture  systems. As the  cost  of other forms of energy increases, 

indus t r ies  could be a t t r ac t ed  t o  areas of geopressured geothermal 

regions tha t  are not current ly  industr ia l ized.  

i n d u s t r i a l  activities and increased population density,  l o c a l  reductions 

Because of stimulated 

i n  a i r  and water qua l i ty  may result and water a v a i l a b i l i t y  may be 

reduced. 

4.2.6 Equipment development 

Because the power cycles and d r i l l i n g  techniques w i l l  be similar f o r  

a l l  geothermal resources, most results of the extensive equipment ~ . 

development program being car r ied  out f o r  the hydrothermal resource 

development w i l l  be d i r ec t ly  applicable t o  development of geopressured 

resources. These include extensive heat exchanger and total-flow 
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system research as w e l l  as down-hole t e s t i n g  devices and other  equip-. 

ment. 
IJtj 

The pr inc ipa l  resource-specific equipment needs are pressure- 

eparators,  and 

laborator ies .  

e ra t ion  of a hydrothermal electrical generating p lan t  

except that the  tests w i l l  be shor te r  and w i l l  probably have fewer 

operat ional  impacts. T e s t  f a c i l i t i e s  w i l l  have t o  b i t t e d  period- 

ts and f o r  performance t e s t ing .  During t e s t i n g  

xamples of-accidents  fined above 

" *  j r  . \ -  

The e f f e c t s  of subsidence have 

of environmental concerns a r i s i n g  from the  production and disposal  of 

geopressured watersdris. presen by JCreitler qurd Gus tavson . 
.material i n  Sect. 4 s m s t r a c t e d  from t h e i r  work. r i  ~ 
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4.3.1 Natural hazards 

us tavson3 list sev t u r a l  hazards t h a t  are s ign i f i can t  

fairways of the oas t a l  plain.  Among these hazards 

hurricane flooding 

and expansive the po ten t i a l  f o r  

thermal in s t a l l a t ions ,  and i n  the case of flooding, they are aggravated 

by subsidence. Damage t o  geothermal i n s t a l l a t i o n  by na tura l  hazards may 

* result i n  leaks, s p i l l s ,  and because methane gas is present,  f i r e .  

Kreitler and Gustavson3 provide data  on the frequency of o 

n tens i ty  of floods along the Texas  Gulf Coast. The Colorado River of 

south Texas has completely- f i l l e d  its floodplain about once every nine 

years since 1913, and the Nueces River has covered i ts  floodplain about 

once every 4.25 years fo r  the  past  56 years. Since 1912, 12 storms with 

hurricane force winds (119.4 kph o r  74 mph) have s t ruck  Corpus Chr i s t i  

and surrounding geothermal fairways. Hurricanes Carla and Celia brought 

winds of 242 kph (150 mph) and 282 kph (175 mph) t o  portions of these 

fairways. 

Corpus C h r i s t i  fairway and was  accompanied by 76.8 c m  (30 in.)  of ra in .  

Hurricane Beulah produced 11 tornadoes i n  the v i c i n i t y  of the 

Hurricane storm surges as high as 6.7 m (22 f t )  can be expected. Much 

of the Texas  Coastal p la in  is less than 25 f t  above sea l e v e l  and thus 

is -vulnerable t o  flooding (Fig. 4.5). 

Sediments of the Texas Coastal p la in  have a high content of expansive 

clay s o i l s .  The dominant clay mineral i n  these s o i l s  is montmorillonite 
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Fig, 4.5. Probability (percentage) that a-hurricane (winds 
exceeding 73 mph) or great hurricane (winds exceeding 125 mph) w i l  
occur i n  any one year i n  a'50-milemsegment of the coastline. ,Source:- 
R. H .  Simpson, and M. B ,  Lawrence, AtZan t i c  Hurricane Frequencies A l o n g  

. f the .U.S. CoastZ<ne,- NOAA ech * 'Memo #NWS S I u=s* D e P t *  of, Co*erce, 
Washington, D . C . ,  1971. 
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which expands upon wetting and contracts  upon drying. The buried founda- 

t ions  of s t ruc tures  are normally kept dry by proper disposal  of rainwater 

and w e l l  points ,  but accidental  wetting can develop pressures i n  excess 

of 142 metric tons/m2 and cause f rac tures  and d i f f e r e n t i a l  movement. 

can be p a r t i a l l y  mitigated by proper construction 

.3.2 Earthquake hazards 

Natural ear thq t ienvironrnental hazard i n  the  

‘ Gulf Coastal ’plain,  Figure 4.6’3ndicates that l i t t l e  o r  no earthquake - 
r i s k  exists 

plain.  

Man- induced 

throughout the geopressured fairways of the  Gulf Coastal 

earthquakes may be a minimal r i s k ,  depending on the  manner 

i n  which geothermal operations develop. 

a t  present t o  r e i n j e c t  waste f l u i d s  i n t o  geopressured reservoi rs  (Sect. 

There appear t o  be no plans 

4.2.4 .l) ; theref ore ,  pressure decl ine w i l l  take place. Evans24 shows t h a t  

the frequency of induced earthquakes is d i r e c t l y  r e l a t ed  t o  increased 

reservoi r  pressure (Fig. 4.7). Declining reservoi r  pressure,  on the  

other  hand, , w i l l  s t a b i l i z e  the  subs t ra ta .  Nevertheless, disposal  i n t o  

~ normally pressured shallow aqui fe rs  a t  high in j ec t ion  pressures (up t o  

1000 p s i )  (Sect. 4.2.4.1) is ser ious ly  being considered, Reinjection a t  

high pressure i n t o  shallow aquifers ,  i n  combination with compaction of 

- . t h e  geopressured reservoir ,  might reactivate growth f a u l t s  (Sect. 4.2.4.1). 

L 



c c 

\ r  
Fig. 4 . 6 .  Seismic r i sk  ma f the United States. Source: Wyle 

Laboratories, Scientif ic  Systems and Services Group, E l  Segundo, Calif .  
Se i smic  data taken from TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap. 13. 
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Reactivation p 

of seismic jdamage w i l l  -increase 

Coastal p l a in  are of Ter t ia ry  t o  Holocene age. -Many of them are 

growth faults does not  necessar i ly  imply t h a t  t he  r i s k  

Numerous growth faults -of the  Gulf 

probably s t i l l  act ive.  Strong earthquakes have not been recorded in 

t h i s  region because the  strata along the  f a u l t  zones are ,too weak t o  

accumulate s ign i f i can t  quant i t ies  of s t r a i n  energy. Slippage along 

L 
4.3.3 Ruptured casing 

Casings may rupture during the production s tage  i n  -0 ways: (1) sub- 

react ivated growth f a u l t  (Sect. 4.2.4.1) could a l s o  rupture  the  l in ing .  

F u r t h e m r e ,  hot ac id i c  br ine  w i l l  decompose most cements over a period 

ms 

us* quan t i t i e s  (40,000 
* .  

bbl/day/well) thro 8 .  

W 
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zone, l i t t l e  o r  no dauhge t o  the-environment w i l l .  result. 3 n  the  latter 

case, geothermal energy would be any case, the w e l l  would 

have t o  be recompleted. . ' 

4.3.4 Blowouts 

malfunctioning equipment, human e r ro r  i n  judgment, o r  negligence occas- 

ional ly  can lead t o  blowouts. Kaufmana5 writes: 

Geopressured:zones have been expensive nuisances t o  the  o i l  
and gas producers. I n  earlier days blowouts were frequent, 
and objectives which invohed  .d r i l l i ng  through overpressured 
zones were de l ica te ly  abandoned. 
studied and techniques f o r  predict ing and penetrating through 
such zones are now available.  (But no d r i l l e r  l i k e s  t o  play 
around with the hazard because of .  the high pressures and 
temperatures encountered.) 

The problem has been grea t ly  

Blowouts are most l i k e l y  t o  occur during exploratory d r i l l i n g  when 

l i t t l e  is known about reservoir  conditions, but they a l s o  occur during 

f i e l d  development. Dur full-scale production, they are mo 

t o  occur when workover r i g s  ar ing worn-out casing. 

- .  

Blowouts can a l so  occur i f  the  casing ruptures a t  

blowout may ac tua l ly  reach the surface a 
L ,  

om w e l l  site. Blowo caused by casing o r  

f a i l u r e  are controlled by cement in jec t ion  through d i r ec t iona l  r e l i e f  

L, 

wells. 
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w Directional r e l i e f  wells do not completely solve the  problem of blowouts. 

They take t i m e  t o  d r i l l ,  and the cement and grouting operations are 

o f t en  less t h  t i s f ac to ry .  For example, a shallow offshore Louisiana 

w e l l  blew out  k c o n t r o l l a b l y  i from a geopressured ttone a t  13,900 f t ,  

yielding hot sklt wate 

bbl/day u n t i l  ;it was  f 

month.25 Another k r e l l  in Vermilion Parish, Louisiana (near the s i te  of 

a proposed geopressured p i l o t  lproje t ) ,  blew out i n  Ju ly  1971 under a 

wellhead pressure of 4000 psi.'15 'After 10 h r ,  t he  w e l l  caught. f i r e  

(presumably by: combustion of meth The 

w e l l  was  brought under contro 

through a dir 

months, t h e  w e l l  blew'&ain.-- 

before the  w e l l  was  

w e l l .  The b 

equipment ra 

- t ' l  

! I 

e estimated between 80,000 and 400,000 

under control, ' a f t e r  about one 
i 

" 

r 

t 
1 .* 

1 _ _  
e) and could not be capped. 

I 

ontinued f o r  two years 

1 through a worked-over r e l i e f  

i 

w e l l s .  Many of t h e ,  f a l l  ideas are extracted from h i s  text.  

Very carefu l  

conditions. 

BermanP6 d i s  

zone. Figure 4.8 i l h s l rk t&- ' some  -1;portant considerations that vary 

w i  t mud C '  weight, . .  (2) 

d r i l l i n g  mud and casing spec i f ica t ions ,  and (3) predicted d r i l l i n g  mbd 

weight t h a t  produces hydraulic f rac tur ing  of t he  w a l l  rock. On Federal 



E S - 2 9 9 0  

0 
0 
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Fig. 4 . 8 .  Pressure conditions, Southern Louisiana. Source: 
E.’ R. Berman, Geothermaz Energy, Noyes Data-Corporation, Park Ridge, 

3 ;  
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lands leased f o r  geothermal-exploration ana' development, adequate -blow- 

out .preventors m u s t  be-inspectkd. and maintained, and regular blowout - 

hears&- must be conducted Order 2.27 
- .  

The iweightLdof th r i l l i n g  i d  i s  determind by t h e  predicted pore 

function bf d ;' ' I f  a high-pressure zone is encountered 

hallow depth, the  d r i l l i n g  mud may be. too l i g h t ,  and 

a blowout may occur. 

kasing. is- set too shallow, t h e  heavy d r i l l i n g  

o h a l l y  pressured sand aquifer -below t h e  

base of< khb ca t ry ,  c i rcu la t ion  w i l l  be' l o s t  

l o W  the  deepest' normal  ressured sand 

t above the  'geopres d zone. . This may involve a narrow 

asings can be set without r h k i n g ' a  blowout 

l o s t  CirLulatiOn 

Lost c i rcu la t ion  is not as severe a problem as a blowout, bu t  it can 

t o  serious- economic consequences. A second, smaller- 

ser ted  'through t h e  f i r s t  t o  seal off  

inany successively telescoped stages 

andohment of the  w e l l -  above the  objec- of casing s t r i  

t l v e  horizon because the,production s t r i n g  diameter would be too small 

omic f l &  'rate 
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- After the f i r s t .  casing s t r i n g  is successfully set, t he  weight of t he  

d r i l l i n g  mud must be careful1y:controlled.  

the danger of blowout ex i s t s .  

w a l l  rock below the bottom of the casing. 

the  f rac tures ,  a blpwout could occur despi te  the heavy weight. 

If the  mud is too l i g h t ,  

A mud t h a t  bs too  heavy may f r ac tu re  the  

A s  d r i l l i n g  mud surges i n t o  

Be low 

8 -about 14,000 f t ,  the weight of , thesdr i l l+ng ,mud - must occupy a narrow 

. r q g e  between the  expected pore pressure and the  hydraulic f r ac tu re  

gradient.  

As the  depth increases,  shallower formations within the  . .  geopressured 

zone must be protected from hydraulic ~ f rac tur ing  by means o 

smaller-diameter (telescoping) casing s t r ings .  

the weight o f - t h e  d r i l l i n g  mud must increase t o  keep pace with increas- 

ing pore pressure. In  the shallower p a r t  of the  hole,  between the  end 

of the last  casing s t r i n g  and the  d r i l l  b i t ,  t he  weight of t he  mud may 

exceed the hydraulic f r ac tu re  gradient.  To pro tec t  t he  w a l l  rock from 

fractur ing,  overlapping casing s t r i n g s  are set. 

With increasing depth, 

A t  t h i s  t i m e ,  the  d r i l l e r ' s  judgment again becomes critical. 

cautiously sets too many s tages  of casing s t r i n g ,  t he  hole  becomes too 

narrow, a n d . i t  may have t o  be abandoned before reaching its objective.  

I f  the d r i l l e r  sets too few casing s t r ings ,  t h e  hole  may blow out. 

If he 

Careful se lec t ion  of the i n i t i a l  hole  s i z e  and casing diameter is  per- 

haps the most cr i t ical  fac tor .  

enough, the d r i l l e r  w i l l  be able  t o  use more casing s t r i n g s  and s t i l l  

I f  the i n i t i a l  casing s i z e  is  l a rge  



reach the  $ t a rge t  {depth.. Thus,,,he wi l l -no t ,  be forced t o  choose between 

premature abandonment and the r i s k  of la  blowout.. 

ql 

I >  I ,  i ,,< 

According, t o ’  BermanSP4 withdrawal-<of .,the d r i l l i n g  mud i n  preparation % 

f o r  brlnging the-wel l  i n t o  production is a cr$ t ica l ; t ime,  

.cas%ng is.weak,21f..will collapse because there  16 no 

t o  counterbalance che <pore presqure 

t h a t  blowout p r  

out  of _ *  the  ,hole. 

Jbrthepnore ,::Cro$Ing 

- f  c 

4.9.5 Ruptured pipel ines  and canals ; t ,  

Ruptured geothermal pipelines may cause intense but  short-duration sur- 

t i o n  of these disposal  areas, leaks might develop i n  the l in ings  of 

temporary s e t t l i n g  ponds, pipel ines ,  and canals. 

posal sites, the  area of environmental impact w i l l  be extended over a 

wide area. 

By using d i s t a n t  dis-  



I n  a plant  bsing a binary system, t h e  f l u i d  bn the turbine'side of the 

heat exchanger may be isobutane o r  some'other v o l a t i l e  material 

ture  of an isobutane p ipe l ine  can lead t o  a poten t ia l ly  dangerous f l a sh  

fire. 'JRiGks of ' f ire are s 6 i l a r " t o -  those of p lan ts -  using l a rge  amounts 

of natural  gas;:. Without A heat-exchanger, geothermal steam passes ~ ' 

through- th; turbine and the danger' of f i r e  is' grea t ly  reduced; however, 

ab le  methahe' gas is important by-product -of geopressure 

proauction. Although po ten t i a l  ignitionco€ surrouhding ,vegetation is ' 

possible, f i r e s  involving binary f lu ids  o r  methane would be -expected t o  

be contained on site. 

generator plant  w i l l  reduce the po ten t i a l  f o r  fo re s t  and 'bi-uSh f i r e s  . e  

Brush-control prac t ices  i n  areas surrounding the  

- .  

e used i n  binary systems. Of pa r t i cu la r  note are 
. I  

rocarbons, which i n  general, have been 

c agents which may accelerate 

Release of l a rge  amounts of decomposition of s t ra tospher ic  ozone. 29 9 30 

these chemicals is not expected t o  occur except during accidents. Even 

W ndi t ions,  t he  po ten t i a l  release wpuld amount t o  f a r  

less than 1% of the  t o t a l  world annual output of chlorofluorocarbons. 
t -  

L.' 

L 
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W I 5. ECONOMIC AM),SOCzAL EFFECTS 

ed g e o t h e d l  

a1 econo'hics , 
oument &vel ,' aes txe tics , and 

other aspects of t h  

d i f f e ren t  f o r  the d i f f e ren t  uses of the resource. 

e f f e c t s  w i l l  b 

-The magnitude:of economic and social .effects-depends on ex is t ing  con- 

d i t i ons  -including *population density sdispersion,eage s t ruc tu re ,  educa- 

t i on  and degree of t r a in ing ,  a v a i l a b i l i t y  of services, and ex is t ing  - 

employment leve ls . :  Population density is an -0rtant:and readi ly  

i l a b l e  soc ia l  - indicator .  Southern .Louisiana .(except f o r  the coas ta l  

mcirshlands). and -the .eastern coast. of .Texas generally .have high t o  , 

derate-population dens i t ies  band B 'correspondingly high, a v a i l a b i l i t y  

of labor and economic resources. 

l i v ing  generally decline southward. 

Population l eve l s  and standards of 

0 .  

The socisll ' e f fec ts  b f  'resource development will not  be s ign i f i can t  u n t i l  

f i e l d  development and ,plant construction begin Even then, the effects 

on population and economics may be l a rge  only in sparsely populated 

areas. S tudies  of Sonoma County, Ca'lifornia (The Geysers - f ie ld) ,  

Imperial County, Cal i fornia  (East Mesa and Niland test s i t e s ) ,  and 

. -Sandoval Coun-ty New Mexico '(exploration-and d r i l l i n g ) ,  f a i l e d  t o  demon- 

h t ra te  any large-scale socioeconomic e f f e c t s  ;bf geothermal energy 

development. ? 

u 
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The peak l o c a l  labor force projected by the  Pac i f i c  Gas and Electric 

Company f o r  .the construction of .Geysers Unit is 80 people 

s. increase in employment w i l l  have greater - e f f e c t  i n  sparsely populated 

eadi ly  avai lable  i n  the e n t i r e  region rained dr i l l ing ,c rews  ar 

because of the l a rge  o i l  and gas industry. 

i ,  

Where construction occurs in developed areas, wages and money spent on 

materiais -and services ~ could make a s ign i f i can t  l oca l  economic contri-  

bu t ion .~  -The Pac i f i c  Gas and Electric Company est imated ' that  construc- 

t i on  of Geysers Unit 13 w i l l  make a peak contribution t o  the  l o c a l  

e c o n o ~  of over '$1 million per quarter.2 Construction in sparsely 

-'developed areas w i l l ' r e q u i r e  the importation of materials and labor  from 

a l a rge r  area, and, therefore,  the-economic benef i t s  w i l l  be more dis- 

persed. 

be greater  i n  these areas. 

The percentage increase i n  l o c a l  economic a c t i v i t y  may, however, 

Construction of f a c i l i t i e s  f o r  nonelectr ical  use w i l l  have highly vari- 

able  e f fec ts .  

r e l a t ive ly  small investment and work force. 

Space heating f o r  ex is t ing  s t ruc tures  w i l l  require  a 

Social  e f f ec t s  w i l l  increase 

- w i t h  the  amount of construction required f o r  the end use. Because an 

indus t r i a l  p ro jec t  w i l l  generally be l a rge r  than an electrical generating 

s t a t i o n  using the same resource, it w i l l  have a grea te r  impact. 

The aes the t i c  e f f e c t s  of construction.wil1 be both v i sua l  and auditory. 

Construction noise w i l l  be similar t o  t h a t  of any construction pro jec t  

except f o r  the release of steam from w e l l s  and l ines .  Visual impacts 

li 



may occur from constructibn in’a previously unindustrialized area. 

Generally, the seriousness of ae s the t i c  impacts w i l l  be r e l a t ed  t o  the  

i l i t y  of t he  project .  

An operating geothermal electric plant  requires a s m a l l  operating c r e w  

and w i l l  thus have a small e f f e c t  on population, housing, o r  services. 

Because: t he  gener’athg units operate automatically, t he  e n t i r e  a r ray  of 

12 un i t s  a t  The Geysers is run by a 45-man crew.2 

d r i l l i n g  of new w e l l s  w i l l  r e s u l t  i n  a temporary increase i n  population, 

similar t o  t h e  increase t h a t  occurs during construction. Because of its 

Maintenance o r  the 
I 

value and low associated demand for  services, a geothermal electric 

plant  w i l l  be a valuable addi t ion t o  a l o c a l  t a x  base. 

p lan ts  w i l l  be a l o c a l  source of r e l a t ive ly  inexpensive electrical 

energy, t he  energy may not be cheap o r  p l e n t i f u l  enough t o  attract 

industry. 

Although such 

The ex i s t ing  nonelec t r ica l  uses of hydrothermal energy (e.g., space 

heating and greenhouses) have small s o c i a l  e f f ec t s .  However, i f  t h i s  

resource proves t o  be an attractive source of i n d u s t r i a l  process heat ,  

t he  s o c i a l  e f f e c t s  may be qu i t e  large.  

may d is rupt  s o c i a l  s t ruc tu res  and s t r a i n  services, opportuni t ies  f o r  

employment of unskilled o r  semiskilled workers w i l l  be pa r t i cu la r ly  

Although i n d u s t r i a l  development 

welcome i n  southern Texas. 
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6. MONITORING bj 

lu 

cp' 

e -  , ,  

Theiextenrrana d e t a i l  of.monitoring p'rograms w i l l  depend la rge ly  on the  

' s i ze  and character /of t he  proposed activities, for-  example, electrical 

generation vs process heat. The purpose of preoperational monitoring 

programs is t o  e s t ab l i sh  baseline data  on air and water qua l i ty ,  land 

terrestrial and aqlsatic ecology, socioeconomics, -and geology s o '  

t ha t  e f f e c t s  of the proposed operation can: be separated ,from exis t ing  

conditions. Als spec i f i c  problems associated with.:these areas can be 

solved by design o r  site. modifications.prior t o  f i e l d  development and 

construction 

the point of using the 'resource. 

is extremely important because it sets the accuracy and s ignif icance of 

a l l  later sampling. 

Preoperational monitoring includes a l l  'activities -up t o  

The preoperationalaainpling program 

: i  

Operational monitoring should continue programs developed during pre- 

operatfonal mbnitoring As more information becomes ava i l ab le ,  those 

programs that show l i t t l e - c h a n g e  because of t h e  existence of t he -p lan t s  

can be e i t h e r  deleted or cul t ivated.  

The purpose of  monitoring +;is'to-ensure ea r ly  warning of malfunctions and 

mishaps and t o s u b s t a n t i a t e  or deny poten t ia l  sources of environmental 

Monitoring may b conducted t o  document environmental e f f ec t s ,  

o r  absencetthereof,  re la ted  t o  dr i l l ing ,"  f a c i l l t y  construction, and 

' production operations of geothermal resources. Impacts amenable t o  

monitoring include noise,  air qual i ty ,  water qua l i ty ,  rad ioac t iv i ty ,  

erosion, f i s h  and wi ld l i fe ,  seismicity,  and subsidence. 
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Monitoring may be continuous or it may take place a t  spec i f ied  in t e rva l s  

or  during critical phases of development. The extent  and frequency of 

-monitoring w i l l  depend on the nature of the environmental e f f e c t  being 

monitored, v a r i a b i l i t y  of geology, te r ra in , -c l imate ,  biology, and -other 

factors .  

Monitoring guidelines for  leases on Federal land have been established 

by the U.S. Department of the  ,Znterior.l The guidelines are (1) 

monitoring of short-term local ized impacts -(e.g., noise) t h a t  are 

readi ly  iden t i f i ed  and associated with spec i f i c  activities on an indi-  

vidual  lease and (2) monitoring of Impacts t ha t  cannot be readi ly  

ident i f ied  with an individual lease (e.g., water qual i ty)  o r  are 

regional i n  scope (subsidence and seismicity).  

It is not  always ce r t a in  where a pa r t i cu la r  monitoring a c t i v i t y  might be 

most ef fec t ive .  

other noncondensable gases. 

For example, mercury vapor is sometimes vented with 

It I s  readi ly  washed from the  atmosphere 

by rain.  It is  then absorbed by clay minerals and hydrous i ron  and 

manganese oxides i n  the upper few inches of soi1. l  In  a sulf ide-r ich 

reducing environment, compounds of mercury su l f ide  are precipi ta ted.  

Also, organic solvents form complex ions with mercury, notably methyl 

mercury. I n  t h i s  form, i t  is ingested by f i s h  and other  aquat ic  

animals. A monitoring program considers both the t o t a l  release and the 

f a t e  of e f f luents ,  par t icu lar ly  r e l a t i v e  t o  known sens i t i ve  systems. 



g p r o g r a ~ - m u s ' t  be determined f o r  

f regional a mbnitoring is  the ob j ec- 

progress: ' The a c t i v i t i e s  described 

s a r i l y  be al l - inclusive 

o r  apply t o  a l l  projects  equally. 

i ,,' 1 r 

cludes sampl thtions.lkhat 'modtor hydrogen su l f ide ,  

it Neterological '  data  (precipi ta t ion,  humidity, 

l l ec t ed  by. ons i t e  weather s ta t ions .  

quency and long-term climatic conditions 

s -eo' predict  and de lh i  

. -  6.2 LAND 

Vegetation i n  the area can be surveyed and mapped, characterizing the  

various habi ta t s .  Vegetation can be sampled and analyzed f o r  heavy 

iievelop-mn t ' and 

mportant" here 

ly, 'species t h a t  

are important components of ecosystems, o r  species t h a t  are rare o r  

unique. Sampling can a l so  include time spans t h a t  account f o r  

V d m i  so the  
C' 
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si te  -can be,analyzed f o r  heavy.metals and o ther  compounds t h a t  may be 

released. - These data  w i l l  be ,used-,to relate impact t o  the surrounding 

plant-and animal species ,and t o  set a basel ine t o  follow chemical 

accumulation i n  the  surrounding environs. . 

6.3 WATER 

Surface water qua l i ty  i n  the v i c i n i t y  and a l l  waters t h a t  have the poten- 

“ t i a l  t o  receive,runoff from the  development . ‘  and u t i l i z a t i o n  phases , ,  can 

be monitored ... Water .qual i ty  includes * -  monitoring . ,  f o r  temperature, 

s a l in i ty s8  pH, dissolved so l ids ,  tu rb id i ty ,  biological  oxygen demand 

(BOD), chemical oxygen demand (COD), t o t a l  organics, heavy metals, 

su l f a t e s ,  and other  compounds t h a t  may be released. 

(i*e., samples of f i s h  invertebrates  and aquat ic  macrophytes) can be 

undertaken.to character ize  ecology, trophic re la t ionships ,  sp 

Biological sampling 

and production. These data  w i l l  be used t o  relate before-and-after 

e f f e c t s  on aquat ic  systems. 

6.4 NOISE 
< 

Noisexan be monitored per iodical ly  a t  various points  i n  and around the  

si te and .a t  some dis tance away t o  e s t ab l i sh  background noise  leve ls .  

Po ten t i a l  topographical fea tures  I t h a t  may contain noise  can be no 

6 .5  GEOLOGY 

sc r ip t ion  and charac te r iza t io  f the  s i te  w i l  der- ’ 

taken as p a r t  of the ea r ly  evaluation of the site. However, f a u l t  

L 
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W 

ac t iva t ion  and subsidence can be monitored throughout a l l  s tages  of 

development and operation. 

tinuaf record of micro- and macro-earthquake a c t i v i t y  and w i l l  d isplay 

any s ign i f i can t  increases possibly caused by geothermal operations. 

addi t ion,  basel ine s tud ies  can be undertaken t o  e s t ab l i sh  ground surface 

criteria t o  document subsidence. Both subsidence and seismic monitoring 

w i l l  require  su f f i c i en t  basel ine data  p r io r  t o  development t o  determine 

whether any of the documented geologic e f f e c t s  are na tu ra l ly  occurring 

o r  induced by geothermal operations. 

Passive seismic s tudies  w i l l  provide a con- 

I n  
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W 7.. INSTITUTIONAL CONSIDERATIONS 

on a project-by-project bas i s  as w e l l  as on a programmatic basis .  

I n s t i t u t i o n a l  considerations will ,  therefore, be evaluated f o r  each 

pro jec t  requir ing an environmental assessment and as a p a r t  of the geo- 

pressure subprogram i n  general. 

The pr inc ipa l  i n s t i t u t i o n a l  consideration is t h a t  ne i ther  of the  two 

states in which t h e  geopressure subprogram a c t i v i t i e s  are planned has 

defined the  geopressured resource, es tabl ished its l e g a l  ownership, nor 

prepared l e g i s l a t i o n  f o r  taxat ion o r  regulation of the  resource. 

ERDA w i l l  comply with ex is t ing  regulations as they are applied t o  the  

geopressured resource and w i l l  o f f e r  ass i s tance  i n  es tab l i sh ing  effec- 

tive controls  over the  development of t he  resource. I n  addition, ERDA 

w i l l  e s t ab l i sh  the  compatibility of i t s  pro jec ts  with current  and long- 

range plans f o r  the  surrounding areas. 

Other i n s t i t u t i o n a l  f ac to r s  t o  b e  considered are the lack  of market 

information f o r  t he  resource, t h e  abundance of gas and o i l  i n  the geo- 

graphical regions of the  geopressured resource, and the socioeconomic 

changes associated with i n d u s t r i a l  development i n  previously undeveloped 

areas. 

e f f e c t s  of commercial and i n d u s t r i a l  development on these i n s t i t u t i o n a l  

fac tors  t h a t  may result i n  t h e  future .  

The impact of t he  e n t i r e  geopressure subprogram includes the 

One goal of the geopressure 

w 
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subprogram is to support development~of*bothbthe technology and the 

methodology for minimizing conflicts between geopressured resource 

g activities and 

- .  I 

- -. . .  , , r  , L .  . , 
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ALTERNATZVES :' cji 

The proposed act ions conskstsafx the programmatic subprogram of the 

Division :of Geothermal &ergyi,(DGE) f o r  encouraging the development 

of geopressured geothermalcresources consAstent with Project  Independence 

Becawexhis  env&ronmental,assessment,is l imited t o  a programmatic 

overview, spec i f i c  p ro jec t  a l temat ives ,cannot .be  addressed i n  d e t a i l  but  

musk be cohsidered when an ' environmental assessmen 

spec i f i c  p r u j  ect 

s required f o r  .a 

Therefore, the a l te rna t ives  addressed,herein are the 

T, programmatic' &alternatives. of (1) no act ion,  (2) elay support of t h e  

development -of <geothermal' ;resources, o r  3) delay support of t he  develop- 

ment of geopressured resources. 

hj 8.1 NO ACTION TOR DELAY 'SUPPORT' OF GEOTHERMAL PROGRAM , " -  

A s  discussed in :Sect;>J,- the Geothermak Researchr: Develop-ment, and 

Bemonstratim A c t  of 1974 .requires . tha t  ERDA ,support a program for 

encouraging the timely development of geothermal.energy. Under t h i s  

mandate, -the -alternative :of ,dot pilrsuing &he proposed 'actions is  not 

open'to ERDA. .%'he A c t  also ;includes the  requirement t o  support the  

develogmentbf *geothermal energy in  an environmentally sound manner. 

This .goal .has >resulted+ in -a s e l e c t i o n  .of projects  by ERDA t ha t  emphasize 

environmental--affects .as well :  c a s  .technological .developments. .Thus, ~ the  

rogram hasv:built i n t o  dt :the mechanism f o r  changing direct ion.or  f o r  

stopping speci'fic 'projects -hefore r i r revers lb le  :impacts occur o r .  unpredicted 

environmental impacts become significant. The current technology f o r  
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L.' using geothermal energy is  such t h a t  no s ign i f i can t  increase i n  development 

rate is  l i k e l y  without added incentives f o r  the  developers. If these 

incentives are provided soon, the ant ic ipated growth rate of i n s t a l l e d  

geothermal'power capacity f o r  the year I990 is projected t o  be about A 

th ree  times as g r e a t - a s  the  growth rate f o r  t h a t  year without incent ives  

(Sect. 1). Zach year of -de lay  in supporting geothermal energy development 

w i l l  l i k e l y  result i n  a corresponding delay in the  da te  when measurable 

r e s u l t s  can be expected from the-support ,  To meet the ant ic ipated i n a b i l i t y  

of t h i s  country to  supply its energy needs i n  the  year 1985 (Sect. 1), the  

need f o r  immediate support of development of environmentally sound energy 

sources .is evident,  and any delays are inconsis tent  with Project=1Cndependence 

goals. 

8.2 NO ACTION OR DELAY SUPPORT OF GEOPRESSURED RESOURCES 

The geopressured resources are the geothermal resources f o r  which 

resource data  and operating experience are needed i n  order t o  encourage 

development. 

has been emphasized by ERDA t o  provide t h i s  information t o  the industry.  

On t h i s  bas i s ,  lack of support f o r  geopressured resource development 

would only serve t o  delay the  ove ra l l  geothermal program;.likewise, 

Thus, ea r ly  support of geopressured resource development 

delayed support of geopressured resource development in  favor of in- 

creased o r  earlier support of hydrothermal o r  hot  dry rock resources 

would a l s o  have the  ne t  e f f e c t  of delaying the  ove ra l l  geothermal program. 

It should be pointed out,  however, t h a t  there  is  ERDA-DGE suppor t , for  t he  
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development of a l l  forms of geothermal energy i n  the  ERDA geothermal 

program a t  levels commensurate with the current  technology associated 

with developing these resources. 

The present technology f o r  use of geothermal resources is predominantly 

f o r  vapor-dominated reservoirs .  

resources ind ica t e  tha t  the  amount of vapor-dominated energy is l imited 

and t h a t  a poten t ia l ly  s ign i f i can t  amount of energy is contained i n  

Present surveys of known geothermal 

geopressured reservoirs .  

l og ica l  advances i n  knowledge, however, it is  unlikely t h a t  there  w i l l  

be a subs t an t i a l  amount of energy tapped from the  geopressured reservoirs .  

Without s ign i f i can t  environmental and techno- 




